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Module4.16 


Muscle tissue is speeialized for eontraetion and 
neural tissue is speeialized for communication 

MuscleTíssue 

Many vital fimetions involve movement of one kínd or another—movement of 
materials along the digestive traet, movement of blood around the eardiovaseiilar 
system, or movement of the body from one plaee to another. Movement is 
prodneed by muscle tissue, which is speeialized for eontraetion- There are three 
types of muscle tissue: skeletal muscl^ eardiae muscle, and smooth muscle. 



Skeletal mnsele tìssue ìs found ìn 
skeletal musdes, organs that also 
eontain eonneetive tissues and neural tissue. 
The eells are long, eylíndrieal, banded 
(stríated), and have multiple 
nudei (multinucleate). 




Stríatíons 
Nucleì 


Muscle 

fìber 
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Skeletal muscles move or stabílíze the posrtíon of the skeleton; 
guard entranees and exíts to the dígestíve, respíratory, and 
urínary traets; generate heat; and proteet internal organs. 




Cardiac muscle tissue is found in 
the heart. Cardiac muscle eells, also 
known as eardioeytes, are short, 
branehed, and striated, 
usual]y vdth a singìe 
nucleus. These eells are 
intereonneeted at speeial- 
ized intercellular junctions 
ealled interealated dises. 

They help synehronize 
eardioeyte eontraetions. 


Smooth musde tissue is found 
throughout the body. For example, 
smooth musde is found in the skìn, in the 
walls of blood vessels, and in many 
digestive, respiratory, urinary, and 
reproductive organs. The eells are short, 
spindle-shaped, and nonstríated, and 
have a single, eentral nucleus. 



Nuclel 


Gardiae 


musdecells 

(nterealated 

díses 

Strlations - 
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Gardíde musde moves blood and maíntaíns blood pressure. 





Smooth — 
musde eells 

Nuclei 


LM X 235 


Smooth muscle moves food, urlne, and reproductíve traet seeretíons; eontrols 
diameter of respiratory passageway5; and regulates díameter of blood vessels. 
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NeuralTissue 


Neural tissae, which is also known as nervoas tissue, is speeialized to conduct eleetrieal 
impulses from one region of the body to anolíier. Ninety-eight pereent of ihe neural 
tis5ue in the body is in tfie brain and spinal eord, which are the eontrol eenters of the 
nervoiis system. Neural tissae eontains two types of eells: (1) netirons (NOOR-onz; 
neurOy nerve) and (2) several kinds of supporting eells, eolleetively ealled nearoglìa 
(noo-ROG'lé-uh or noo-rò-GLÉ-uh), or glial eells (g/ia, glue). 

Neurous transfer informatìon from plaee to plaee and 
proeess informatíon like living computer ehips. Their sizes 
and shapes vary widely. The longest eells in your body are 
neurons. Many are as long as a meter (39 in.)! 



Mítoehorìdríon 


The dendrites (DFN-drfts; 
derìdron, a tree) reeeíve 
ínformatìon, typieally 
from other neurons. 


The axon conducts that ínformatíon to o^er 
eells. Because axons tend to be very long and 
slender, diey are also ealled nervefíbers. 


Nucleus 




Mlerofíbríls and mícrotubules 


Nucleolus 


The eell bedy eontains a large nucleus and a promínent 
nucleolus, as we\\ as varíous organelles.Thís ìs the sìte of 
ínformatíon proeessíng and the eontrol eenterforthe eell 
as a whole. Most neurons laek eentríoles, so they eannot 
divìde under noimal circumstances. Neural tíssuetherefore 
hasa very límíted abílrtyto repaír ítself after ínjury. 


Sítesofeontaet 
wíth other eells 


There are several different types of 
neuroglia, eaeh with speeifie 
fimetions. £ach type has a distìnetìve 
appearanee related to its primary fiinetion. 
In general, neuroglia proteet, 
snpport, and repaír neural 
tissne and maintaln the 
nutrient supply to 
nenrons. 


Fnnetions of Neuroglia 


Maíntaín physíeal structure of neural tlssue 

Repair neural tissue fiamework after injury 

Perform phagoeytosís 

Provide nutríents to rìeurons 

Regulatedie eompositíon of the 
interstrtial fluíd surroundíng neurons 


Our conscious and unconscious thoi^ht proeesses refleet the 
communication among nenrons in the brain. Such communication 
involves the propagation of eleetrieal ímpulses that are generated at 
the eell body and travel along the axon to reaeh other eells. 


Module4.16 Review 


a. Deseríbe the three types of muscle tissue. 

b. Wh leh type of muscle tìssue regulates blood 
vessel díameter? 

e. Distínguish between neurons and neuroglia. 


© 4.16 Speeífý the functíons of muscle tissue and neural tíssue. 
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Visual Anatomy 
& Physìology, 
Seeond Edition 

eombines a visual 
approaeh with a 
modular organization 
to deliver an easy-to- 
use and time-effieient 
bookthat uniquely 
meets the needs of 
today's students— 
without saerifìeing the 
eoverage of A&P topies 
required for eareers in 
nursing and other allied 
health professions. 




'i EplthelialTissue: 

^ Mieroseopie Observations of Columnar Epithelia 


eoltmmar epithelia eontain eells in which the height is greater than 
the width. Table 5.3 sammarizes the three types of eolnmnar epithelia. 


TA6LE5.3 Types of Columnar Epithelìa 

Type 

Desaíptíon 

Example 

Símple columnar 

Single layeroftall{columnar) eells 

Inner lining of the gastrointestínal traet 
(stomaeh, small and large intestines) 

Pseudostratlfíed columnar 

Epíthelíum appears to be stratífíed, but it 
really is not because all the eells rest on the 
basal lamina 

Inner líning of traehea and large aírways ín 
lung 

Stratified columnar (relatìvely rare, so you 

W(ll not be requlred to ídentlfy ìt) 

Two or more layers of columnar eells but 
only the surface layer ís columnar 

Large ducts of sallvary glands and panereas 



Simple Columnar Epìthelium 

Sean a slide of the small intestine under Iow magnifieation and 
loeate the epitheliom along the siirfaee. 


Why is thís epithelium elasslfìed as slmple columnar? 


Notíee that all the nucleí are loeated at about the same level In all the eells. How doesthís 
eharaeteristie help you to elassífý this epithelíum? 



Nuclei of epíthelial eells Lumen 


Epíthelium - 


Gonneetive 

tissue 



Small Intestine, aoss seetìon 


Under hígh power, observe the darker 
staíníng frínge along the surface of the 
epithelíum.This structure, known as the 
brush border, ís actually a series of 
fìnger-like projeetíons known as 
mlerevilli.lTiey functíon to inerease the 
surface area of small intestinal eells to 
maximíze absorptìon of nutríents. 


Note the dístínetrve. oval-shaped 
mucous eells (goblet eells). The mucus 
they seerete enhanees the dígestive 
proeess and proteets the epíthelíum 
from harsh dígestlve ehemíeals. 
Dependíng on the preparatíon, these 
eelis may appear elear or stalned blue or 
red. 


Notlee that ímmedíately below the 
eplthelìum is a layer of eonneetive 
tlssue.1Tie epíthelium ís separated fiom 
the eonneetive tíssue by a basal lamina. 
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Pseudostratìfíed Columnar 

View a slide of the traehea under low power. Move the slide so that a region of the epithelinm that lines the Inmen 
of the traehea is in the eenter of the field of view. Switch to high power to observe the epitheliom in more detail. 


Jnder hlgh power, observe that the nuclei in the 
epíthellál eells are loeated at dífferent Jevels, givíng 
the ímpresslon that there are several layers of eells. 
Actualiy, thls epíthelíum eontaíns only one eell iayer 
because all the eells touch the basal lamlna. The nuclei 
are at dífferent levels because the eells have different 
shapes and some eells do not reaeh the surface. 


Identífy ciila,^ln, haírlike 
structures projeetlng 
from the surface of most 
eplthelial cells.The eílía 
beat rhythmíeally to 
move substances aeross 
the surface. 


This epíthelíum eontains 
numerous mucous eells (goblet 
eells) diat seerete mucus onto the 
surface. Identlfýthese eells on the 
slíde. The regíons of the eells 
eontaíníng mucus typleally appear 
clearorwhítísh. 



Lumen 


In the spaee provlded 
below, draw your 
observations. Label 
the mucous eells 
(goblet eells), the 
nudel of the 
pseudostratrfìed 
epíthelial eells, the 
cilía,and the 
eonneetive tissue deep 
tothe epithellum. 


Pseudostratifìed 

columnar 

epíthelíum 

Basal 

lamlna 


Gonneetíve 

tíssue 



Traehea, aoss seetion 
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THEGLINie 


Mucous Seeretions 
ín the Respiratory Traet 


The air we breathe eontaíns partleolate matter that ean promote 
allergie reaetions and cause dísease. The mucus seereted by 
mucous eells (goblet eells) is a stieky substance that traps partíeles 
tiiat you breathe ín. The beating eilia then move this debrís to the 
throat, where it is swallowed. 


MAKING eONNEaiONS 

Doríi^ yoiir observations of epithelia, you were asked to 
identify the eonneetìve tìssue that ís found just deep to eaeh 
epithelial layer. Why do you think epithelia and eonneetive 
tissue are arranged in this way? {Hint: Refer to your text to 
identifý the fimetions of eonneetive tissue.} 






EXERCISE5 Tlssues 
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Visual Anatomy 
& Physìoloay 
Lab IVIanua1 brings 

dll of the strengths of 
the revolutionary Visual 
Anatomy & Physiology 
book to the lab. This lab 
nnanual eombines a 
visual approaeh with a 
nnodular organization to 
nnaxinnize learning.The 
lab praetiee eonsists of 
hands-on aetivities in 
the lab nnanual and 
assignable eontent in 
MasteringA&P. Main, 

Cat, and Pig versions are 
available. 



MasteringA&P is an online learning and assessment system proven to 
help students learn and designed to help instructors teaeh more effieiently. 


• Lets instructors easily assign media that is automatically graded 

• Provides students with personalized eoaehing through answer-specifìc 
feedbaekand hints 

• Motivates students to eome to elass prepared 

• Easily captures data to demonstrate assessment outcomes 



















































































































































The tìllie-savìng modlllar organìzatìon presents topìes ìn tvvo-page spreads. These 

two-page spreads give students an effieient organization for managing their time. Students ean study 
eaeh module during the limited time they have in their busy schedules—ten minutes for one module 
now, ten minutes for another module later—eheeking off eaeh module as they eomplete it. 


Module 15.19 



Fìrst, the top left page 
begins with a full-sentence 
topie heading that teaehes 
the major point of the mod- 
ule. (These topie headings 
are eorrelated by number to 
the learning outcomes on the 
ehapter-opening page and at 
the bottom of eaeh module. 
The learning outcomes are 
derived from the learning 
outcomes reeommended 
by the Human Anatomy 
& Physiology Soeiety.) 


Next the red-boxed num- 
bers guide students through 
the presentation of thetopie. 


Then, instead of long 
columns of narrative text 
that refer to visuals, brief 
text is built right into the 
visuals. Students read while 
looking at the eorrespond- 
ing visuaf which means: 

• No long paragraphs 

• No pageflipping 

• Everything in one plaee 


Photoreeeptíon ínvolves aetívatíon, bleaehíng, 
and reassembly of vlsual plgments 




The plasma membrane in the onter segment of the photoreeeptor 
eontains ehemieally gated sodinm ion ehannels. In darkness, these 
gated ehannels are kept open in the presenee of cGMP (eyelie gnanosine 
monophosphate), a derivative of the high-energy eomponnd gnanosine 
triphosphate (GTP), Beeanse the ehannels are open, the membrane 
potential is approximately -40 mV, rather than the -70 mV typieal of 
resting nenrons, At the -40 mV membrane potential, the photoreeeptor 
is eontinnonsly releasing nenrotransmitters aeross synapses to bipolar 
eells, The inner segment also eontinnonsly pnmps sodinm ions (Na''') 
out of the eytosol. 



Gated Na+ 
ehannel 



The bound retinal moleenle in rhodop- 
sin has two possible eonfignrations: the 
bent or curved 11-eis form and the more linear 
11-trans form, Normally, in the dark, the 
moleenle is in the 11-e/s form, On absorbing 
light it ehanges to the 11-trans form, This 
ehange aetivates the opsin moleenle. 


Photon 


Rhodopsin 


n-e/s 

retinal 


Opsin 




11- trans 
retinal 


ACTIVATI0N 
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Opsin then aetivates 
transducin, a G 
protein bonnd to the dise 
membrane. The transdnein 
in turn aetivates the enzyme 
phosphodiesterase (PDE), 



Phosphodiesterase is an 
enzyme that breaks down 
cGMP, The removal of cGMP 
from the gated sodium ehannels 
resnlts in their inaetivation, 

The rate of Na''' entry into the 
eytosol then deereases. 


ACTIVE STATE 




Rhodopsin eannot respond to additional photons until its retinal 
eomponent regains its original shape, It does not spontaneonsly 
revert to the 11-e/s form, Instead, the entire rhodopsin moleenle must 
be broken down into retinal and opsin in a proeess ealled bleaehing, 
The retinal is then eonverted to its original eis shape, This eonversion 
requires energy in the form of ATP, Opsin and 11-eis retinal are 
reassembled and the rhodopsin moleenle is ready to repeat the eyele. 



enzyme 







the rate of Na+ 
entry rednees the dark 
enrrent, At the same 
time, aetive transport 
eontinnes to export Na''' 
from the eytosol, When 
the sodium ehannels 
elose, the membrane 
potential drops toward 
-70 mV, As the plasma 
membrane hyperpolar- 
izes, the rate of neuro- 
transmitter release 
deereases, This deerease 
signals the adjaeent 
bipolar eell that the 
photoreeeptor has 
absorbed a photon. 


T 


Ni 






REASSEMBLY 


Module 15.19 Revievv 


a. Visual pigments undergo which three ehanges 
during photoreeeption? 

b. What are the two configurations of retinal? 

e. When during photoreeeption is ATP required? 


15.19 Explain photoreeeption and how visual pigments are aetivated. 
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Finally, eaeh nnodule ends 
with a set of IVlodyle Review 
questions that help students 
eheektheir understanding 
before moving on. 











































































The unìque vìsual appiroaeh allovvs the Íllastrdtìons to be the eentral teaehìng and ledrnìng 

element, with the text built direetly around them—ereating true text-art integration. This approaeh 
matehes how students naturally want to use their A&P textbook. Our extensive researeh with A&P 
students—via student reviews, student focus groups, and student elass tests—reveals that A&P students 
go first to the visuals and then to the eorresponding text. 


Module3.19 


r 


Durìng ínterphase, the eell 
prepares for eell dívísion 


Watch 


MasteringA&P® 

AÍ(PFJix 

DNA Replieation 


Most eells spend only a small part of their time aetively engaged in eell 
division. Somatíe {soma, body) eells spend most of their fnnetional lives 
in a state known as interphase. Dnring interphase, a eell performs all its 
normal fnnetions and, if neeessary, prepares for eell division. 


Deseriptions and 
key terminology 

embedded in the art. 


are 


In a eell preparing to divide, 
interphase ean be divided 
into the Gi, S, and phases. 



When the G1 phase is eomplete, the eell enters 
the S phase. Over the next 6-8 hours, the eell 
duplicates its ehromosomes.This involves DNA 
replieation and the synthesis of histones 
and other proteins in the nucleus. 


Aeellthatisready to 
divide first enters the Gi 
phase. In this phase, the eell 
makes enough mitoehondria, 
eytoskeletal elements, endoplas 
mie reticula, ribosomes, Golgi 
membranes, and eytosol for 
two functional eells. Gentriole 
replieation begins in G^ and 
eommonly continues until 
Gj. In a eell dividing at 
top speed, G^ may last 
just 8-12 hours. Such a 
eell pours all its energy 
into mitosis, and all <u 
other aetivities eease. 

IfGi lasts for days, 
weeks, or months, 1 oo 
preparation for mitosis 
occurs asthe eell 
performs its normal 
functions. 


btoS/io 
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DNA 

replieation, 

synthesis 

of 

histones 










When DNA 
replieation 
ends, thereisa brief 
(2- to 5-hour) G^ phase 
devoted to last-minute 
protein synthesis and to 
eompleting eentriole 
replieation. 




Gi 

Normal 
eell functions 
plus eell growth, 
organelle duplication, 
protein synthesis 


G2 

Protein 

synthesis 
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M Phase - MITOSIS 
ANDGYTOKINESIS 





An interphase eell in the Go phase is not 
preparing for division, but is instead performing 
all of the other functions appropriate for that particu- 
lar eell type. Some mature eells, such as skeletal muscle 
eells and most neurons, remain in Gq indefinitely and never 
divide. In eontrast, stem eells, which divide repeatedly with 
very brief interphase periods, never enter Go- 
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During the S phase of the 
eell eyele, DNA is replieated. 
The goal of DNA replieation is to 
eopy the genetie information in 
the nucleus. The proeess occurs in 
eells preparing to nndergo either 
mitosis or meiosis. 


O 


DNA replíeatíon begìns when DNA helíease 

enzymes unwind the strands and disrupt the 
hydrogen bonds between the bases. As the strands 
unwind, molecules of DNA polymerase bind to 
the exposed nitrogenous bases.This enzyme (1) 
promotes bonding between the nitrogenous bases 
of the DNA strand and eomplementary DNA 
nucleotides in the nucleoplasm and (2) links the 
nucleotides by eovalent bonds. 



s- Adenine 
Guanine 

Gytosine 

Thymine 


O 


Thus, a seeond DNA polymerase must bind eloser to the 
point of unzipping and assemble a eomplementary eopy 
(segment 2) that grows until it"bumps into"segment 1 
ereated by the first DNA polymerase. Enzymes ealled 
DNA lígases (Lí-gàs-ez; liga, to tie) then spliee together 
the two DNA segments. 



Eventually, the unzipping eompletely separates the original 
strands. The eopying ends, the last splieing is done, and two 
identieal DNA moleenles have formed. Onee the DNA is replieated, 
the eentrioles dnplieated, and the neeessary enzymes and proteins 
synthesized, the eell leaves interphase and is ready to proeeed to 
mitosis. 



Duplicated DNA double heliees 



As the two original strands gradually 
separate, DNA polymerase binds to the 
strands. DNA polymerase ean work in 
only one direetion along a strand of DNA, 
but the two strands in a DNA molecule 
are oriented in opposite direetions.The 
DNA polymerase bound to the upper 
strand shown here adds nucleotides to 


make a single, continuous eomplementary 
eopy that grows toward the "zipper." 


DNA polymerase on the lower strand ean 
work only away from the zipper. So the 
first DNA polymerase to bind to this 
strand must add nucleotides and build a 
eomplementary DNA strand moving from 
left to right. As the two original strands 
continue to unzip, additional nucleotides 
are continuously being exposed to the 
nucleoplasm.The first DNA polymerase 
on this strand eannot go into reverse. It 
ean only continue to elongate the strand 
italready started. 


Modyle 3.19 Revievv 


a. Deseribe interphase, and identifý its 
stages. 

b. Whatenzymesmustbepresentfor 
DNA replieation to proeeed normally? 

e. A eell is aetively manufacturing enough 
organelles to serve two functional eells. 
This eell is probably in what phase of 
interphase? 


1 
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Step numbers and 



manaaeable 


// 


chun 




// 


of 


ínformatíon that 
are línked to vísuals 

guide students through 


connplex proeesses. 



3.19 Deseribe interphase, and explain its signifieanee 


MasteringA&P 

NEW Tough Topie 
eoaehìng Aetìvìtìes 

One nnodule in eaeh ehapter now 
has an assignable Goaehing 
Aetivity in MasteringA&P. 
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Three predietable plaees to stop and eheek onderstanding heip students 

paee their learning throughout the ehapter. 


Module Reviews 

appear at the end of every 
nnodule for frequent and 
eonsistent self-assessment 


Modyle 11.4 Revìew 


Identify the neuroglia ofthe eentral 
nervous system. 

VVhieh glial eell proteets the CNS from 
ehemieals and hormones circulating in 
the blood? 

VVhieh type of neuroglia would 
inerease in the brain tissue of a person 
with a CNS infeetion? 


Seetion Reviews 

appear after groups of 
related modules and include 
"workbook-style" review 
aetivities, such as labeling 
and eoneept mapping. 


SECTION 1 Revìevv 
L_ 


Labelìng 

Label eaeh of the structures in thefollovving diagram of a neuron. 



Label the anatomieal elasses of neurons shovvn belovv. 



Vocabulary 

In the spaee provided, vvrite the boldfaeed terms introduced in this seetion that eontain the indieated vvord part. 


17 

neur- (nerve) 


17 


18 

dendr- (tree) 


18 


19 

ef- (avvayfrom) 


19 



af- (tovvard) 


404 
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GHAPTER 11 REVIEW • NeuralTissue 


Study Outline 


11.1 


11.2 


11.3 


11.4 


The nervous system has two divìsions: the CNS and PNS 

p. 395 

1. The eentral nervous system (CNS) eonsists of the brain 
and spinal eord. It is responsible for integrating, proeessing, 
and eoordinating sensory data and motor eommands. 

2. The peripheral nervous system (PNS) includes all the 
neural tissue outside the CNS. 

3. Reeeptors deteet ehanges in the internal and external 
environment.Thesensorydivision ofthe PNS brings 
information from reeeptors to the CNS. 

4. The motor division of the PNS earries motor eommands 
from the CNS to the effeetors or target organs. 


Ependymal eells are assoeiated with eerebrospinal f1uid 
production and circulation. Mieroglia remove cellular 
debris and pathogens. Astroeytes maintain the blood- 
brain barrier. 

Oligodendroeytes help form the myelin sheath that 
surrounds axons making up white matter. Gray matter 
is unmyelinated neuron eell bodies, dendrites, and 
unmyelinated eell axons. 


11.5 


Neurons are 
communicati 

Neurons 
reeeive sti 
otherorg 
othereells 

Thetelod 

terminals 
communi( 

7. Axon terrr 
neurotran 


Neurons are • 
p. 398 

8. Thefourn 

anaxonic, 

9. Functiona 

interneur 


Oiigodendro 

mierogiiaare 

10. Neurogli< 


Schwann eeiis and sateiiite 
eeiis are the neurogiia of the 
PNS p.402 

13. Schwann eells form a myelin 
sheath around myelinated 
peripheral axons. 

14. Satelliteeells surround eell 
bodies in ganglia. 


7* 




Schwann eells form 


ehapter Revíew Questíons 


N E W ehapter Revíews 

include brand-new narrative Study 
Outlines. Eaeh Study Outline entry 
begins with the module number 
and title and then summarizes the 
module eontent. 

All-new ehapter Review Questions 
include eomprehensive questions, 
such as labeling, true/false, and 
multiple ehoiee. 

In the ehapter Integration seetion, 
one or two elinieal seenarios are 
followed by eritieal thinking 
questions that help students tie 
important eoneepts together. 


Labeling 

Label the structures in 
thefollovving diagram. 


1 



2 



n 


// / 
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r 


v\ 


True/False 

indieate vvhether eaeh statement is true orfalse. 


Somatie sensory reeeptors monitor internal org 

Synaptie vesieles eontain neurotransmitters. 

Mieroglia maintain the blood-brain barrier. 

Sehvvann eellsform the neurilemma. 

The resting membrane potential for a neuron is 
near -70 mV. 


ehapter Integration • Applying what you have learned 


Matehing 

Mateh eaeh lettered term vvith the most elosely relatee 


a. relative refraetory period 

b. voltage-gated ehannel 
e. oligodendroeyte 

d. ehemieally gated ehannel 

e. meehanieally gated ehannel 

f. Sehvvann eell 

g. absolute refraetory period 

h. astroeyte 
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Produce! 

Opens in 

Atime vv 
larger-th 

Opens o 
membra 

Produce: 

Atime vv 
tofurthe 

Maintain 

Opens in 


Multíple selerosís ís a progressíve, 
debílítatíng, demyelínatíng dísease 

Multiple selerosis (MS) is a progressive, debilitating autoimmune 
disease in which the body's immune system attaeks myelinated 
portions of the eentral nervous system, leading to demyelination 
of affeeted axons. The disease is so named because seleroses— 
also known as sears, plaques, or lesions—form in many 
plaees within myelinated regions (white matter). The age 
at onset is most eommonly between 20 and 40 years. The 
cause of the disease is unknown, but may involve some 
eombination of environmental agents, genetie faetors, 
and viral infeetions. Gommon signs and symptoms 
include partial loss of vision and problems with 
speeeh, balanee, and general motor eoordination, 
including loss of bowel and urinary bladder 
eontrol. The ineidenee among women is 
about twice that of men. Individuals 
with MS experience unpredictable, 
recurrent eyeles of deterioration, 
remission, and relapse. There is no 
cure for MS, although drugs that 
alter the sensitivity or responses 
of the immune system ean slow 
the progression of the disease. 

Defìne demyelinatìon. 

Why would individuals with MS experience generalized motor 
eoordination dysfunction? 

Which glial eells would be affeeted in MS? 


I. 

























































































































NEW Interaetìve and Adaptìve Gapabìlítíes 

• Adaptive Follow-up Assignments allow instructors to easily assign personalized eontent for 
eaeh individual student based on strengths and weaknesses identifìed by his or her perfornnanee on 
MasteringA&P parent assignments. 

• Dynamie Study l\/lodules help students acquire, retain, and reeall information faster and more 
effieiently than ever before. The flasheard-style modules are available as a self-study tool or ean be 
assigned by the instructor. They ean be easily aeeessed with smartphones. 

• Learning Gatalyties is a "bring your own deviee" (laptop, smartphone, or tablet) student 
engagement, assessment, and elassroom intelligenee system. With Learning Gatalyties, instructors 
ean assess students in real time using open-ended tasks to probe student understanding. 


NEW A&P Flix™ 
Goaehing Aetivities 

bring interaetivity to these popular 3D movie- 
quality animations by asking students to 
manipulate the visuals. 


Vídeo Tutor 
eoaehìng Aetìvítíes 

instruct and eoaeh students on key A&P 
eoneepts from the book and are aeeompanied 
by questions with video hints and feedbaek 
speeifìe to their miseoneeptions. 
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NEW Tough Topk 
Goaehìng Aetìvìtìes 

are highly visual, assignable aetivities designed 
to bring interaetivity to seleet two-page 
nnodules in the book. These nnulti-part aetivity 
items include the ranking and sorting types 
that ask students to manipulate the visuals. 
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Interaetìve Physíology® 
Goaehíng Aetívítíes 

help students dive deeper into complex 
physiologieal proeesses using the Interaetive 
Physiology tutorlal program. 
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Also Assígnable ín MasteringA&Pì 

• Art-labeling Aetivities are drag and drop aetivities that 
allow students to assess their knowledge of terms and 
structures. 

• Art-based Questions are conceptual questions related to 
art and instruct students with wrong-answer feedbaek. 

• ehemistry Review Aetivities reinforee ehemistry 
eoneepts neeessary for an understanding of A&P. 


PAL 3.0 and assessments 
PhysioEx™9.1 and assessments 

Reading Quiz Questions 
ehapter Test Questions 
Test Bank Questions 















































MasterÌngA&P® includes a Study Area that will help students get ready for tests with its simple 
three-step approaeh. Students ean: 

1. Take a pre-test and obtain a personalized study plan. 

2. Learn and praetìee with animations, labeling aetivities, and interaetive tutorials. 

3. Self-test with quizzes and a ehapter praetiee test. 


Praetìee Anatomy Lab™ (PAL™) 3.0 

is a virtual anatomy study and praetiee tool that gives students 24/7 
aeeess to the most widely used lab speeimens, including the human 
eadaver, anatomieal models, histology, eat, and fetal pig. PAL 3.0 is 
easy to use and includes built-in audio pronunciations, rotatable 
bones, and simulated fìll-in-the-blank lab praetieal exams. 


NEW The PAL 3.0 App lets you aeeess PAL 3.0 on your ìPad or 
Androìd tablet. With the pineh-to-zoom feature, images ean be 
instantly enlarged. 
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Also Avaìlable ìn the Study Area: 

• eText 

• PhysioEx™ 9.1 

• VideoTutors 



























A&P Flix™ 

are 3D nnovie-quality animations with self-paeed 
tutorials and gradable quizzes that help students 
master the toughest topies in A&P: 

• NEW Protein Synthesis 

• Membrane Transport 

• DNA Replieation 

• Mitosis 

• NEW Endoehondral Ossifìeation 

• Events at the Neuromuscular Junction 

• The Gross Bridge Cycle 

• Excitation-Contraction Coupling 

• Resting Membrane Potential 

• Generation of an Aetion Potential 

• Propagation of an Aetion Potential 

• NEW The Streteh Reflex 

• NEW The Meehanism of Hormone Aetion: 
Seeond Messenger cAMP 

• Origins, Insertions, Aetions, and Innervations 

Over 60 animations on this topie 

• Group Muscle Aetions and Joints 

Over 50 animations on this topie 
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interaetìve Physíology® (IP) 

helps students understand the hardest part of A&P: 
physiology. Fun, interaetive tutorials, games, and 
quizzes give students additional explanations to 
help them grasp dlfficult eoneepts. 

Modyles: 

• Muscular System 

• Nervous System I 

• Nervous System II 

• Cardiovascular System 

• Respiratory System 

• Llrinary System 

• Fluids & Eleetrolytes 

• Endoerine System 

• Digestive System 

• lmmuneSystem 
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Only a few kinds of eells have elass II 
MHC proteins. These are the 
antigen-presenting eells : dendritie 
eells, maerophages, and B eells. These 

eeills eommnnieate with CD4 eells, 
which are destined to beeome, or have 

already beeome, he^er T eells. The 
antigens that are presented on elass II 

MHC proteins are exogpnous 
antigens—^they originate from outside 
the eell. 

Let’s follow an exogenous antigen 
on its way to being displayed on a 
elass II MHC protein. 

eiiek the dendritie eell to begin this proeess 
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Support for lnstructors 



MyReadinessTest" 

by Lori K. Garrett 

MyReadinessTest for A&P is a powerful online system 
that gets students prepared before their course starts. 
It assesses students' profìeieney in study skills and 
foundational seienee and math eoneepts and provides 
eoaehing in eore areas where students need additional 
praetiee and review. It offers: 

• Student onlìne aeeess upon registration for 
their course 

• Dìagnostíe Test and Cumulatíve Test based 
on learning outcomes from the widely used A&P 
primer, Get Ready for A&P 

• Personalìzed Study Plan based on student's 
test results that includes praetiee questions with 
Tutorials 

• Flexíble Testíng that allows instructors to edit 
the Diagnostie Test or implement their own 
plaeement test or exit exam 

• Gradebook that automatically reeords students' 
test results 


Vievvthe lesson about diffiision. and then ansvver the follovving question 

VVhieh of the follovving is most likely to pass through a protein ehannel vvhen entering a eell? 


earbon dioxide (GO^) 
oxygen (0-) 


y glucose 


small nonpolar molecules 


Q) Nìee Work! 


Excellent! Glucose is water-soluble. vvhieh means it is polar and polar molecules 
eannot easily diffuse 
Instead. poiar moleei 


Faeiíitated Piffasion 



Polar/water solable 
Oeears witb aid of 
a protein ebannel 
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lnstructor Resource DVD (IRDVD) 

with Lecture Outlines by Betsy Brantley and dieker Questions and Quiz Shows 
by Samuel Schwarzlose 

978-0-321-95143-4 / 0-321-95143-3 

The IRDVD organizes all instructor media resources by ehapter into one 
eonvenient and easy-to-use paekage. Highlights include: 

• Customizable PowerPoint® Lecture Presentations that eombine lecture 
notes, fìgures, tables, and links to animations 

• All fìgures from the book in JPEG format and PowerPoint® slides (with 
editable labels and without) plus fìgures from Martini's Atlas ofthe 
Human Body and A&PApplieations Manaal 

• Another set of JPEGs from the bookfeaturing unlabeled fìgures with 
leaderlines for quick and easy quizzing 
eiieker Questions in PowerPoint® that eheek eomprehension 
Quiz Show Questions in PowerPoint® that encourage student interaetion 
A&P Flix™ 3D movie-quality animations on tough topies 
A&P Flix™ eiieker Questions in PowerPoint® 
interaetive Physiology® 10-System Suite (IP-10) Exercise Sheets and 
Answer Key 

Bone and Disseetion Videos 
Test Bank in TestGen® and Mierosoft Word® formats 
lnstructor's Manual in Mierosoft Word® format 
Transpareney Aeetate masters for all fìgures and tables 
The IRDVD for Praetiee Anatomy Lab™ (PAL™) 3.0 




























eText wìth 
Whíteboard Mode 

The Visual Anatomy & Physiology eText eomes 
with VVhiteboard Mode, allowing instructors 
to use the eText for dynamie elassroom 
presentations. lnstructors ean showone- 
page or two-page views from the book, zoom 
in or out to focus on seleet topies, and use 
the VVhiteboard Mode to point to structures, 
eirele parts of a proeess, traee pathways, and 
customize their presentations. 

lnstructors ean also add notes to guide 
students, upload documents, and share their 
custom-enhanced eText with the whole elass. 

lnstructors ean fìnd the eText with VVhiteboard 
Mode on MasteringA&P. 
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A nephron is divided into segments; 
eaeh segment has speeifie functíons 
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instmetor's Manoal 

by Jeff Sehinske 

978-0-321-96256-0/ 

0-321-96256-7 

This useful resource includes 
a wealth of materials to help 
instructors organize their 
lectures, such as lecture ideas, 
visual analogies, suggested 
elassroom demonstrations, 
vocabulary aids, applieations, 
and eommon student 
miseoneeptions/problems. 



TEST BANK 
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Prínted Test Bank 

by Alexander G. Gheroske and 
Jason LaPres 

978-0-321-96268-3/ 

0-321-96268-0 

The test bank of more than 
3,000 questions tied to the 
Learning Outcomes in eaeh 
ehapter helps instructors 
design a variety of tests and 
quizzes. The test bank includes 
text-based and art-based 
questions. This supplement is 
the print version of TestGen® 
that is in the IRDVD paekage. 
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STEPHEN N.SARIKAS 


Vísual Anatomy & Physíology Lab Manual 

by Stephen N. Sarikas 

978-0-321-92854-2 / 0-321-92854-7 

The Visual Anatomy & Physiology Lab Manual 
brings all of the strengths of the revolutionary 
Visual Anatomy & Physiology book to the lab. 
This lab manual eombines a visual approaeh 
with a modular organization to maximize 
learning. The lab praetiee eonsists of hands- 
on aetivities in the lab manual and assignable 
eontent in MasteringA&P. Main, Cat, and Pig 
versions are available. 
































































Support for Students 





eText 

MasterÌngA&P® includes an eText. Students ean aeeess their textbook vvherever and vvhenever 
they are online. eText pages look exactly like the printed text yet offer additional functionality. 
Students ean: 

Greate notes. 

Highlight text in different eolors. 

Greate bookmarks. 

Zoom in and out. 

Vievv in single-page or tvvo-page vievv. 
eiiek hyperlinked vvords and phrases to vievv defìnitions. 

Link direetly to relevant animations. 

Seareh quickly and easily for speeifìe eontent. 
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Watch 


Mítosís dístrìbutes ehromosomes before 
eytokìnesis separates the daughter eells 


MasteringA&P* 
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Mitosis 


Víew anímatíons 

from vvithin the eText. 
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The M phase of the eell eyele includes 



mitosis and eytokinesis. Mitosis is 
a series of events during which the 
duplicated ehromosomes of a eell 
separate and migrate into two identieal 
nuclei. The four stages of mitosis are 
prophase, meta] 
telophase. 
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Easily 



defìnitions of key vvords 


ehromatids 


now move to 


Highlight text and make notes 


eentrioles in 
eentrosome 



stiMi rays 

eytoplasm, whereas spíndle 
íilréiT fo-'r.. hetween the 
itri jl? pair . 


Kinetoehore 



The nijelear 
envelope (noelear 
membrane) 
disintegrates. 




The kinetoehore 
of eaeh ehromatid 
attaehes to a 
spindlefiber. 
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Every ìtem ean be paekaged wìth the maìn student text 



Get Ready for A&P 

by Lori K. Garrett 

978-0-321-81336-7/ 

0-321-81336-7 

This bookand online eomponent 
were ereated to help students 
be better prepared for their A&P 
course. Features include pre-tests, 
guided explanations followed by 
interaetive quizzes and exercises, 
and end-of-ehapter cumulative tests. 
Also available in the Study Area of 
MasteringA&P. 



Student Worksheets for Visual 
Anatomy & Physiology 

by Frederie H. Martini, VVilliam C. Ober, 
Judi L. Nath, Edwin F. Bartholomew, 
and Kevin Petti 

978-0-321 -95631 -6 / 0-321 -95631 -1 

This booklet eontains all of the Seetion 
Review pages from the book for 
students who would prefer to mark 
their answers on separate pages rather 
than in the book itself. 



MARTINI’S 


ATLAS 

of the hnman hody 


Martini's Atlas of the 
Human Body 

by Frederie H. Martini 

978-0-321-94072-8/ 

0-321-94072-5 

The Atlas offers an abundant eolleetion 
of anatomy photographs, radiology 
seans, and embryology summaries, 
helping students visualize structures 
and beeome familiar with the types of 
images seen in a elinieal setting. 
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A&P Applieations Manual 

by Frederie H. Martini and 
Kathleen VVeleh 

978-0-321 -94973-8 / 0-321 -94973-0 

This manual eontains extensive 
discussions on elinieal topies and 
disorders to help students apply the 
eoneepts ofanatomyand physiology 
to daily life and their future health 
professions. 


interaetive PtTysiology* 



10-SVSTEM SmiE 


interaetive Physiology® 10-System 
Suite(IP-10) CD-ROM 

978-0-131-36275-8/ 

0-131-36275-5 

IP-10 helps students understand the hard- 
est part of A&P: physiology. Fun, interaetive 
tutorials, games, and quizzes give students 
additional explanations to help them grasp 
difficult physiologieal eoneepts. 



Praetiee Anatomy Lab™ (PAL™) 3.0 
DVD 

by Ruth Heisler, Nora Hebert, Jett Chinn, 
Karen Krabbenhoft, and Olga Malakhova 

978-0-321 -68211 -6 / 0-321 -68211 -4 

PAL 3.0 is an indispensable virtual anatomy 
study and praetiee tool that gives students 
24/7 aeeess to the most widely used lab 
speeimens, including the human eadaver, 
anatomieal models, histology, eat, and fetal 
pig. 

Also avaìlable: PAL 3.0 Lab Guìde 

978-0-321 -84025-7 / 0-321 -84025-9 



Laboratoty Simulations in Physiology 




1 


PhysioEx™ 9.1 Laboratory 
Simulations in Physiology 

by Peter Zao, Timothy Stabler, Lori A. Smith, 
Andrew Lokuta, and Edwin Griff 

978-0-321 -92964-8 / 0-321 -92964-0 

This easy-to-use laboratory simulation 
software and lab manual eonsists of 12 
exercises eontaining 63 physiology lab 
aetivities that ean be used to supplement or 
substitute wet labs safely and eost-effeetively. 
Now with input data variability. 
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V isual Anatomy & Physiology is a eomprehensive textbook for the two-semester 

A&P course. It eombines a visual approaeh with a modular organization to 
deliver subject matter in an easy-to-use and time-effieient manner that uniquely 
meets the needs of today s students—without saerifieing the eoverage of A&P topies 
required for eareers in nursing and other allied health professions. 

For the Seeond Edition, prior to revising or ereating a module, we asked ourselves 
three questions: (1) How ean we best make this information meaningful, manageable, and 
eomprehensible? (2) Does the module spark interest and encourage students to read it? 

(3) Will students be able to answer “Why is this important?” after the module? 

In essenee, we want students to be excited about learning human anatomy and 
physiology. During the revision proeess, our team of eontent experts, medieal illustrators, 
award-winning teaehing professionals, aeademie authors, and publishing speeialists worked 
together to write and design this aeademie text. We scrutinized every sentenee, visual, 
and layout, ensuring that the narrative made sense, the eontent was accurate, and the 
eombinations of text and visuals flowed together seamlessly over the one- and two-page 
module presentations. We read countless reviews and listened to our own students in the 
elassroom. This end product is the culmination of the very best all involved had to offer. 

To help improve future editions, we encourage you to send any pertinent 
information and remarks about the organization or eontent of this textbook to us direetly, 
using the e-mail addresses below. We warmly welcome eomments and suggestions and 
will carefully eonsider them in the preparation of the Third Edition. 

New to the Seeond Edition 

These are the key ehanges in this new edition: 

• inereased physiology eoverage in seleet modules gives students a better 
understanding of tough physiology topies. 

• The eonversion of Seetion Openers to modnles allows their eontent to be 
linked (by number) to Learning Outcomes and supported by new Module 
Reviews for additional in-the-book praetiee. 

• New end-of-ehapter stndy and praetiee material includes a new narrative 
Study Outline and new eomprehensive Ghapter Review Questions (labeling, 
true/false, matehing, multiple ehoiee, fill-in, and short answer) to help 
students learn and integrate the ehapter eontent. 

• The repetition of the ehapter-opening Learning Onteomes on the modnle 
spreads underscores the eonneetion between the HAPS-based Learning 
Outcomes and the assoeiated teaehing points. Author Judi Nath sat on the 
Human Anatomy and Physiology Soeiety (HAPS) eommittee that developed the 
HAPS Learning Outcomes, reeommended to A&P instructors, and the Learn- 
ing Outcomes in this book are based on them. Additionally, the assessments in 
MasteringA&P are organized by these HAPS-based Learning Outcomes. 

• New assignable MasteringA&P aetivities include the following: 

• New Tongh Topie Goaehing Aetivities are highly visual, assignable aetivities 
designed to bring interaetivity to seleet modules in the book. Multi-part aetivities 
include the ranking and sorting types that ask students to manipulate the visuals. 
• New Adaptive Follow-up Assignments allow instructors to easily assign 
personalized eontent for eaeh individual student based on strengths and 
weaknesses identified by his or her performanee on MasteringA&P parent 
assignments. 

• New Dynamie Study Modules help students acquire, retain, and reeall 
information quickly and effieiently. The modules are available as a self- 
study tool or ean be assigned by the instructor. They ean be easily aeeessed 
with smartphones. 

• New Visnal Anatomy & Physiology Lab Mannal uses the same visual 
approaeh and modular organization to help students succeed in the lab. 
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Chapter-by-Chapter Changes 
in the Seeond Edition 

This annotated table of eontents provides seleet examples of 
revision highlights in eaeh ehapter of the Seeond Edition. 

ehapter 1: An lntroductíon to Anatomy and Physìology 

• All Seetion Openers have been eonverted to Modnles 
(now 1.1,1.5,1.12, and 1.14) linked by nnmber to Learning 
Onteomes and snpported by new Modnle Reviews. 

• New Modnle 1.9 introdnees the major organs/structures 
of the integumentary, skeletal, muscular, and nervons 
systems. 

• New Module 1.10 introduces the major organs/ 
structures of the endoerine, eardiovasenlar, lymphatie, 
and respiratory systems. 

• New Module 1.11 introduces the major organs/struc- 
tures of the digestive, urinary, and reprodnetive systems. 

• Revised Module 1.14 (formerly Seetion 4 Opener) 
inelndes a table with eponyms and equivalent terms, 
and inelndes information about the history of the 
study of human anatomy in a nniversity setting. 

• Revised Module 1.16 (formerly 1.9) ineorporates 
eontent on direetional terms and seetional planes that 
was formerly in tables into the art, and inelndes new 
art for seetional planes. 

• Revised Module 1.17 (formerly 1.10) includes updated 
discussion of body eavities. 

• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents a 
narrative ehapter snmmary. 

• New ehapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 

• New ehapter Integration with eritieal thinking 
questions has been added. 

ehapter 2: Chemícal Level of Organízatíon 

• All Seetion Openers have been eonverted to Modnles 
(now 2.1,2.6,2.10, and 2.13) linked by number to Learning 
Onteomes and snpported by new Module Reviews. 

• Revised Module 2.17 (formerly 2.13) includes updated 
art on protein structures (ribbon models). 

• Revised Module 2.20 (formerly 2.16) includes updated 
art on phosphate-nitrogenons base structure. 

• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents a 
narrative ehapter snmmary. 

• New ehapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 

• New ehapter Integration with eritieal thinking 
questions replaees the one in the previons edition. 

ehapter 3: Cellular Level of Organízatíon 

• All Seetion Openers have been eonverted to Modnles 
(now 3.1,3.8,3.13, and 3.18) linked by number to Learning 
Onteomes and snpported by new Module Reviews. 


• Revised Module 3.7 (formerly 3.6) includes 
information on mitoehondrial DNA. 

• Revised Module 3.10 (formerly 3.8) includes new 
referenee to ASeP Flix: Protein Synthesis, and 
referenee to new genetie eode (mRNA eodons) 
table in the Appendix. 

• Revised Module 3.12 (formerly 3.10) includes updated 
art and text to deseribe the three phases of translation: 
initiation, elongation, and termination. 

• Revised Module 3.13 (formerly Seetion 3 Opener) 
inelndes new referenee to ASeP Flix: Membrane 
Transport. 

• Revised Module 3.19 (formerly 3.15) includes new 
referenee to ASeP Flix: DNA Replieation. 

• Revised Module 3.20 (formerly 3.16) includes new 
referenee to ASeP Flix: Mitosis. 

• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents a 
narrative ehapter snmmary. 

• New ehapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 

• New ehapter Integration with eritieal thinking 
questions has been added. 

ehapter 4: Tíssue Level of Organízatíon 

• All Seetion Openers have been eonverted to 
Modnles (now 4.1, 4.9, and 4.15) linked by number 
to Learning Onteomes and snpported by new 
Module Reviews. 

• New Module 4.2 deseribes mieroseopy techniques 
used to study eells and tissnes. 

• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents a 
narrative ehapter snmmary. 

• New ehapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 

• New ehapter Integration with eritieal thinking 
questions replaees the one in the previons edition. 

ehapter 5: The lntegumentary System 

• All Seetion Openers have been eonverted to Modnles 
(now 5.1 and 5.6) linked by number to Learning 
Onteomes and snpported by new Module Reviews. 

• Revised Module 5.3 (formerly 5.2) deseribes and 
illnstrates the snbpapillary plexus. 

• Revised Module 5.4 (formerly 5.3) elarifies 
presentation on touch reeeptors of the skin. 

• New Module 5.5 deseribes the elassifieation of burns 
and the types of skin grafts. 

• Revised Module 5.6 (formerly Seetion 2 Opener) 
deseribes and illnstrates embryonie development of 
aeeessory structures derived from the epidermis. 

• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents a 
narrative ehapter snmmary. 
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• New ehapter Review Questions give students 
eomprehensive praetiee at the end of the ehapter. 

• New ehapter Integration with eritieal thinking 
questions replaees the one in the previons edition. 

ehapter 6: OsseousTìssue and Bone Structure 

• All Seetion Openers have been eonverted to Modnles 
(now 6.1 and 6.10) linked by number to Learning 
Onteomes and snpported by new Module Reviews. 

• Revised Module 6.7 (formerly 6.6) includes new art 
and photograph of epiphyseal line, and new referenee 
to A&P Flix: Endoehondral Ossifieation. 

• Revised Module 6.8 (formerly 6.7) eontains new art and a 
more detailed deseription of intramembranons ossifieation. 

• Revised Module 6.9 (formerly 6.8) includes informa- 
tion on eongenital talipes equinovarus, and a new 
photograph for pitnitary growth failnre. 

• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents a 
narrative ehapter snmmary. 

• New ehapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 

• New ehapter Integration with eritieal thinking 
questions replaees the one in the previons edition. 

ehapter 7:The Skeleton 

• All Seetion Openers have been eonverted to Modnles 
(now 7.1 and 7.14) linked by number to Learning 
Onteomes and snpported by new Module Reviews. 

• Revised Module 7.8 (formerly 7.7) eontains a new 
internal ear figure, and inelndes labels for the anditory 
ossieles in the Petri dish. 

• Revised Modnles 7.10 and 7.11 (formerly 7.9 
and 7.10) inelnde a vertebral areh arrow to elarify 
loeation on the art. 

• Revised Module 7.17 (formerly 7.15) eontains a new 
illnstration of earpal bones that inelndes the artienlar 
eartilages. 

• Revised Module 7.19 (formerly 7.17) elarifies 
differenees in the male pelvis and female pelvis by 
ineorporating information from a bnlleted list into 
the art. 

• Revised Module 7.21 (formerly 7.19) includes an x-ray 
image of a daneer s fraetnre. 

• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents a 
narrative ehapter snmmary. 

• New ehapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 

• New ehapter Integration with eritieal thinking 
questions has been added. 

ehapter 8: Joínts 

• All Seetion Openers have been eonverted to 
Modnles (now 8.1 and 8.6) linked by number to 
Learning Onteomes and snpported by new 
Module Reviews. 


• Revised Module 8.4 (formerly 8.3) includes further 
elarifieation for movements at the ankle. 

• Revised Module 8.7 (formerly 8.5) differentiates 
between a bnlging dise and a herniated dise. 

• Revised Module 8.8 (formerly 8.6) elarifies the differ- 
enees between a shonlder disloeation and a shonlder 
separation, and between a hip disloeation and a hip 
fraetnre. 

• Revised Module 8.10 (formerly 8.8) provides 
additional examples of arthritis, and new 
photographs of artifieial joints. 

• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents a 
narrative ehapter snmmary. 

• New ehapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 

• New ehapter Integration with eritieal thinking 
questions has been added. 

ehapter 9: Skeletal l\/luscleTíssue 

• All Seetion Openers have been eonverted to Modnles 
(now 9.1 and 9.8) linked by number to Learning 
Onteomes and snpported by new Module Reviews. 

• New Module 9.5 discusses the eleetrieal nature of 
eells, what an aetion potential is, and how an aetion 
potential is propagated along the axon of a neuron or 
sareolemma of a skeletal muscle fiber. 

• Revised Module 9.6 (formerly 9.4) includes new 
referenee to A&P Flix: Events at the Neuromuscular 
Junction. 

• Revised Module 9.7 (formerly 9.5) includes enhaneed art, 
and new referenee to A&P Flix: The Cross-Bridge Cycle. 

• Revised Module 9.8 (formerly Seetion 2 Opener) 
eontains new art with integrated text broken into 
steps, and inelndes new referenee to A&P Flix: 
Excitation-Contraction Coupling. 

• Revised Module 9.11 (formerly 9.8) includes a new 
photograph illnstrating an isotonie eoneentrie 
eontraetion. 

• Revised Module 9.14 (formerly 9.11) includes updated 
Properties of Skeletal Muscle Fiber Types table to 
parallel the order of topie sequences in the text. 

• Revised Module 9.15 (formerly 9.12) includes 
information on muscular dystrophies. 

• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents a 
narrative ehapter snmmary. 

• New ehapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 

• New ehapter Integration with eritieal thinking 
questions replaees the one in the previons edition. 

ehapter 10: The l\/luscular System 

• All Seetion Openers have been eonverted to Modnles 
(now 10.1, 10.5, and 10.12) linked by number to 
Learning Onteomes and snpported by new 
Module Reviews. 
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• Revised Module 10.1 (formerly Seetion 1 Opener) 
includes new referenee to A&P Flix: Origins, 
Insertions, Aetions, and Innervations and A&P Flix: 
Group Muscle Aetions &: Joints. 

• Revised Module 10.2 (formerly 10.1) includes updated 
art of rectus femoris muscle to elarify its bipennate 
structure, and npdated art illnstrating third-elass levers. 

• Revised Module 10.4 (formerly 10.3) includes an 
adjnsted leader line position for serratns anterior muscle. 

• Revised Module 10.8 (formerly 10.6) includes updated 
labeling of the mnseles of the floor of the mouth. 

• Revised Module 10.14 (formerly 10.11) includes 
expanded disenssion of trapezins muscle. 

• Revised Module 10.16 (formerly 10.13) includes 
additional signs and symptoms of earpal tunnel syndrome. 

• Revised Module 10.21 (formerly 10.18) includes 
fibularis tertius muscle. 

• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents a 
narrative ehapter snmmary. 

• New ehapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 

• New ehapter Integration with eritieal thinking 
questions has been added. 

ehapter 11: Neural Tìssue 

• All Seetion Openers have been eonverted to Modnles 
(now 11.1 and 11.6) linked by number to Learning 
Onteomes and snpported by new Module Reviews. 

• Revised Module 11.2 (formerly 11.1) includes 
discussion of initial segment, and uses axon 
terminal as primary term and synaptie terminal 
as seeondary term. 

• Revised Module 11.4 (formerly 11.3) includes ependymo- 
eytes and tanyeytes in the disenssion of ependymal eells. 

• Revised Module 11.5 (formerly 11.4) integrates 
nnmbered step boxes and explanatory text into the 
PNS axon myelination art. 

• Revised Module 11.6 (formerly Seetion 2 Opener) 
elarifies the use of resting memhrane potential and 
restingpotential as synonymons terms. 

• Revised Module 11.7 (formerly 11.5) elarifies 
equilibrium potential, and inelndes new referenee 
to A&P Flix: Resting Membrane Potential. 

• Revised Module 11.8 (formerly 11.6) deseribes 
ehemieally gated ehannels also as ligand-gated 
ehannels, and inelndes new art showing the distribn- 
tion of gated ehannels on a neuron. 

• Revised Module 11.10 (formerly 11.8) includes new 
referenee to A&P Flix: Generation of an Aetion Potential. 

• Revised Module 11.11 (formerly 11.9) includes new refer- 
enee to A&P Flix: Propagation of an Aetion Potential. 

• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents a 
narrative ehapter snmmary. 

• New Ghapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 


ehapter 12:The Spìnal Cord, Spìnal Nerves, 
and Spínal Reflexes 

• All Seetion Openers have been eonverted to Modnles 
(now 12.1 and 12.10) linked by number to Learning 
Onteomes and snpported by new Module Reviews. 

• Revised Module 12.2 (formerly 12.1) includes new 
eolor-eoded art illnstrating spinal nerves and spinal 
segments. 

• Revised Module 12.12 (formerly 12.10) includes new 
referenee to A&P Flix: The Streteh Reflex. 

• Revised Module 12.14 (formerly 12.12) elarifies reflex 
reinforeement by explaining the Jendrassik manenver. 

• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents a 
narrative ehapter snmmary. 

• New Ghapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 

• New Ghapter Integration with eritieal thinking 
questions has been added. 

ehapter 13: The Braín, Graníal Nerves, and Sensory 
and Motor Pathways 

• All Seetion Openers have been eonverted to Modnles 
(now 13.1 and 13.15) linked by number to Learning 
Onteomes and snpported by new Module Reviews. 

• Term for aqueduct ofthe midbrain is now eerebral 
aqueduct 

• Revised Module 13.3 (formerly 13.2) includes updated 
ehoroid plexus art showing mierovilli on ependymal eells, 
and enhaneed art on flow aeross the ehoroid plexus. 

• Revised Module 13.5 (formerly 13.4) includes updated 
discussion of eerebellar cortex. 

• Revised Module 13.6 (formerly 13.5) includes a new 
eadaver photograph of the midbrain. 

• Revised Module 13.7 (formerly 13.6) elarifies the 
status of pulvinar as a thalamie nucleus. 

• Revised Module 13.8 (formerly 13.7) includes 
amygdala as seeondary term for amygdaloid body, 

• Revised Module 13.15 (formerly Seetion 2 Opener) 
elarifies sensory reeeptor transdnetion. 

• Revised Module 13.17 (formerly 13.15) elarifies taetile 
dise structure. 

• Revised Module 13.18 (formerly 13.16) includes 
updated art to speeify the position of the primary 
sensory cortex. 

• Revised Module 13.20 (formerly 13.18) includes 

a diagram summarizing levels of motor complexity. 

• Revised Module 13.21 (formerly 13.19) includes new 
images for rabies and Alzheimer s plaques. 

• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents a 
narrative ehapter snmmary. 

• New Ghapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 

• New Ghapter Integration with eritieal thinking 
questions replaees the one in the previons edition. 
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ehapter 14: The Autonomìc Nervous System 

• All Seetion Openers have been eonverted to Modnles 
(now 14.1 and 14.7) linked by nnmber to Learning 
Onteomes and snpported by new Modnle Reviews. 

• Revised Modnle 14.2 (formerly 14.1) inelndes new 
antonomie nervons system art. 

• Revised Modnle 14.4 (formerly 14.3) elarifies 
elassifieation and deseription of splanehnie nerves. 

• Revised Modnle 14.5 (formerly 14.4) eontains npdated 
text and art on alpha and beta reeeptor stimnlation 
inelnding the roles of G proteins. 

• Revised Modnle 14.10 (formerly 14.8) inelndes new art 
on baroreeeptor and ehemoreeeptor loeations. 

• New Stndy Ontline with seleet illnstrations replaees 
the Visnal Ontline with Key Terms to give stndents a 
narrative ehapter snmmary. 

• New ehapter Review Questions give students 
eomprehensive praetiee at the end of the ehapter. 

• New ehapter Integration with eritieal thinking 
questions has been added. 

ehapter 15:The Speeìal Senses 

• All Seetion Openers have been eonverted to Modnles 
(now 15.1,15.5, and 15.12) linked by number to Learning 
Onteomes and snpported by new Module Reviews. 

• Revised Module 15.2 (formerly 15.1) includes 
elarifieation of olfaetory reeeptor eell structure and the 
role of G proteins in olfaetory reeeption. 

• Revised Module 15.3 (formerly 15.2) includes new text 
and art on foliate papillae, and uses the term vallate 
papillae instead of eirenmvallate papillae. 

• Revised Module 15.4 (formerly 15.3) includes updated text 
and art to elarify physiology of salt and sour ehannels. 

• Revised Module 15.5 (formerly Seetion 2 Opener) uses 
the term internal ear instead of inner ear, 

• Revised Module 15.6 (formerly 15.4) includes updated 
labyrinth art indieating orientation of maenlae. 

• Revised Module 15.8 (formerly 15.6) includes updated 
art showing orientation of the macula in the saeenle, 
and uses the term otolithie membrane instead of 
statoeonia, 

• Revised Module 15.11 (formerly 15.9) includes updated 
text and art regarding hearing pathways. 

• Revised Module 15.14 (formerly 15.11) uses fibrons, 
vasenlar, and inner layers of the eye instead of fibrons, 
vasenlar, and nearal tnnies, This revised Module also 
elarifies the usage of vitreoas body and vitreons humor, 
and uses the term eiliary zonule instead of suspensory 
ligaments, 

• Revised Module 15.18 (formerly 15.15) includes a eolor 
blindness ehart. 

• New Module 15.19 discusses photoreeeption and details 
how visual pigments are aetivated and reassembled. 

• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents a 
narrative ehapter snmmary. 


• New Ghapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 

• New Ghapter Integration with eritieal thinking 
questions has been added. 

ehapter 16: The Endoeríne System 

• All Seetion Openers have been eonverted to Modnles 
(now 16.1 and 16.13) linked by number to Learning 
Onteomes and snpported by new Module Reviews. 

• Revised Module 16.3 (formerly 16.2) includes updated art 
on seeond messengers, and new referenee to A&P Flix: 
Meehanism of Hormone Aetion: Seeond Messenger cAMP. 

• Revised Module 16.7 (formerly 16.6) includes updated 
art and text on eonversion of iodide ions to iodine 
atoms in thyroid hormone prodnetion. 

• Revised Module 16.8 (formerly 16.7) includes updated 
blood calcium homeostasis flowchart with simpler, 
standardized terms. 

• Revised Module 16.10 (formerly 16.9) includes updated 
blood glucose homeostasis flowchart with simpler, 
standardized terms. 

• Revised Module 16.14 (formerly 16.12) includes 
updated blood pressure and volume homeostasis 
flowchart with simpler, standardized terms, and uses 
the term renin~angiotensin~aldosterone system (RAAS) 
instead of renin-angiotensin system, 

• Revised Module 16.16 (formerly 16.14) uses updated termi- 
nology in the Overview of Endoerine Disorders table. 

• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents 
a narrative ehapter snmmary. 

• New Ghapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 

ehapter 17: Blood 

• To reduce organizational complexity, the eombined 
Blood and Blood Vessels ehapter in the previons edition 
has been split into two separate ehapters: Ghapter 17: 
Blood and Ghapter 18: Blood Vessels and Girenlation. 

• All Seetion Openers have been eonverted to Modnles 
(now 17.1 and 17.4) linked by number to Learning 
Onteomes and snpported by new Module Reviews. 

• Revised Module 17.3 (formerly 17.7) includes additional 
text on the prodnetion of formed elements, and uses 
hematopoietie stem eells as the primary term and 
hemoeytoblasts as a seeondary term. 

• New Module 17.4 defines hematology, deseribes the 
elements of a eomplete blood count, and gives examples 
of red blood eell lab tests. 

• Revised Module 17.6 (formerly 17.3) elarifies that 
reticulocytes are released into the bloodstream, not 
fully mature red blood eells. 

• Revised Module 17.7 (formerly 17.4) includes an 
additional column in the blood types ehart to elneidate 
blood type eompatibility. 

• Revised Module 17.9 (formerly 17.6) elarifies that 
lymphoeytes make up 20-40% of a differential count. 
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• Revised Module 17.10 (formerly 17.8) defines vascular 
spasm as part of the vascular phase of hemostasis. 

• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents a 
narrative ehapter snmmary. 

• New ehapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 

• New ehapter Integration with eritieal thinking 
questions has been added. 

ehapter 18: Blood Vessels and Círculatíon 

• To reduce organizational complexity, the eombined 
Blood and Blood Vessels ehapter in the previons edition 
has been split into two separate ehapters: Ghapter 17: 
Blood and Ghapter 18: Blood Vessels and Circulation. 

• All Seetion Openers have been eonverted to Modnles 
(now 18.1 and 18.5) linked by number to Learning 
Onteomes and snpported by new Module Reviews. 

• New Module 18.5 explores the embryonie development 
of blood vessels, defines vasenlogenesis and 
angiogenesis, and disensses the formation of the aortie 
areh and venae eavae. 

• Revised Module 18.12 (formerly 17.19) explicitly defines 
the hepatie portal system. 

• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents a 
narrative ehapter snmmary. 

• New ehapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 

• New ehapter Integration with eritieal thinking 
questions wraps up the ehapter. 

ehapter 19:The Heart and Cardíovascular Functíon 

• All Seetion Openers have been eonverted to Modnles 
(now 19.1,19.9, and 19.17) linked by number to 
Learning Onteomes and snpported by new 
Module Reviews. 

• Revised Module 19.3 (formerly 18.2) elarifies 
deseription of the perieardial sae. 

• Revised Module 19.4 (formerly 18.3) eontains a new 
eadaver heart photograph. 

• Revised Module 19.11 (formerly 18.9) eontains new art 
showing the distribntion of the SA node aetion potential 
by the eondnetion system of the heart. 

• Revised Module 19.13 (formerly 18.11) eontains new 
art elarifying antonomie nervons system distribntion 
to the heart. 

• Revised Module 19.15 (formerly 18.13) includes 
updated art elarifying the faetors affeeting heart rate 
and stroke volume. 

• Revised Module 19.19 (formerly 18.16) includes 
updated y-axis values on the graph of average blood 
pressnre (now 0-120 mm Hg instead of 0-100 mm Hg). 

• Revised Module 19.23 (formerly 18.20) includes 
updated art with a bidireetional arrow to elarify 
separate inereasing and deereasing stimnli. 


• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents 
a narrative ehapter snmmary. 

• New ehapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 

• New ehapter Integration with eritieal thinking 
questions replaees the one in the previons edition. 

ehapter 20:The Lymphatíe System and lmmuníty 

• All Seetion Openers have been eonverted to Modnles 
(now 20.1, 20.8, and 20.13) linked by number to Learn- 
ing Onteomes and snpported by new Module Reviews. 

• Revised Module 20.1 (formerly Seetion 1 Opener) elassi- 
fies lymphoid tissnes and organs as primary (sites where 
lymphoeytes are formed and matnred) and seeondary 
(sites where lymphoeytes are aetivated and eloned). 

• Revised Module 20.4 (formerly 19.3) elarifies destinations 
of matnring T eells prodneed and seleeted in the thymus. 

• Revised Module 20.5 (formerly 19.4) elarifies prelimi- 
nary role of dendritie eells in an immune response. 

• Revised Module 20.6 (formerly 19.5) includes informa- 
tion on thymie epithelial eells (TECs). 

• Revised Module 20.8 (formerly Seetion 2 Opener) 
defines immnnity and elarifies its two forms—innate 
and adaptive. 

• Revised Module 20.11 (formerly 19.9) states that the 
number of plasma proteins of the eomplement system is 
over 30. 

• Revised Module 20.13 (formerly Seetion 3 Opener) 
inelndes an npdated, eolor-eoded flowchart to elarify 
different forms of adaptive immnnity. 

• Revised Module 20.15 (formerly 19.12) elarifies that 
CD8 T eells provide eell-mediated immunity. 

• Revised Module 20.16 (formerly 19.13) includes updated, 
eolor-eoded art to differentiate CD4 T eells from B eells. 

• Revised Module 20.20 (formerly 19.17) uses innate and 
adaptive immanity instead of speeifie and nonspeeifie 
defenses. 

• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents a 
narrative ehapter snmmary. 

• New ehapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 

ehapter 21: The Respíratory System 

• All Seetion Openers have been eonverted to Modnles 
(now 21.1 and 21.8) linked by number to Learning 
Onteomes and snpported by new Module Reviews. 

• Revised Module 21.2 (formerly 20.1) includes expanded 
disenssion of eystie fibrosis. 

• Revised Module 21.3 (formerly 20.2) includes updated 
art with nasal bones added, and with a label and leader 
line for nasopharyngeal meatus. 

• Revised Module 21.4 (formerly 20.3) eontains an 
npdated definition of glottis that inelndes voeal folds 
and rima glottidis. 
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• Revised Module 21.5 (formerly 20.4) features a new title 
that elarifies the Module eontent. 

• Revised Module 21.6 (formerly 20.5) includes updated 
bronehial tree art that eolor eodes the bronehopnlmo- 
nary segments with lobe of lung, and inelndes art and 
text on the root of the lung. 

• Revised Module 21.7 (formerly 20.6) elarifies the 
structure of the respiratory membrane. 

• Revised Module 21.10 (formerly 20.8) elarifies tidal 
volume terminology. 

• Revised Module 21.11 (formerly 20.9) eontains new 
lung art to elarify anatomie dead spaee. 

• Revised Module 21.12 (formerly 20.10) includes an 
example of the ealenlation of partial pressnres of gases 
in the atmosphere to elarify Dalton s law. 

• Revised Module 21.13 (formerly 20.11) includes 
updated hemoglobin art (ribbon model). 

• Revised Module 21.16 (formerly 20.14) includes 
pre-Bòtzinger complex. 

• Revised Module 21.18 (formerly 20.16) includes a simplified 
graph of the ineidenee of lung eaneer in males and females. 

• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents a 
narrative ehapter snmmary. 

• New ehapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 

ehapter 22: The Dígestìve System 

• All Seetion Openers have been eonverted to Modnles 
(now 22.1, 22.5, and 22.18) linked by number to Learning 
Onteomes and snpported by new Module Reviews. 

• Revised Module 22.1 (formerly Seetion 1 Opener) 
eontains an npdated presentation of the major organs 
of the digestive traet and aeeessory organs of the 
digestive system. 

• Revised Module 22.7 (formerly 21.5) includes an 
npdated disenssion of molars. 

• Revised Module 22.8 (formerly 21.6) includes a new 
LM of esophageal mucosa. 

• Revised Module 22.10 (formerly 21.8) includes a new 
eadaver photograph of stomaeh and greater omentnm. 

• Revised Module 22.12 (formerly 21.10) uses the term 
eirenlarfolds instead of plieae eirenlares. 

• Revised Module 22.13 (formerly 21.11) includes three 
new eadaver photographs of duodenum, jejunum, and 
ileum, and uses the term eirealarfolds instead of plieae 
eirealares. This revised Module also includes a 
mnemonie for remembering the order of the small 
intestine segments from proximal to distal. 

• Revised Module 22.15 (formerly 21.13) elarifies the 
naming of the phases of gastrie seeretion. 

• Revised Module 22.20 (formerly 21.17) elarifies 
information on the porta hepatis and lobes of the liver 
by gronping labels and text in boxed headings. 

• Revised Module 22.21 (formerly 21.18) includes 
updated discussion of portal area. 


• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents a 
narrative ehapter snmmary. 

• New ehapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 

ehapter 23: Metabolìsm and Energetíes 

• All Seetion Openers have been eonverted to Modnles 
(now 23.1, 23.5, and 23.15) linked by number to Learning 
Onteomes and snpported by new Module Reviews. 

• Revised Module 23.1 (formerly Seetion 1 Opener) 
inelndes npdated disenssion of metabolie tnrnover 
and the nntrient pool. 

• Revised Module 23.2 (formerly 22.2) now appears 
before the disenssion of the eitrie aeid eyele. 

• Revised Module 23.3 (formerly 22.1) eontains new art 
illnstrating the details of the eitrie aeid eyele. 

• New Module 23.4 deseribes the eleetron transport 
system and how it establishes a proton gradient used 
to make ATR 

• Revised Module 23.8 (formerly 22.5) includes new art 
and text on very low density lipoproteins (VLDLs). 

• Revised Module 23.10 (formerly 22.7) elarifies reaetants 
in the urea eyele. 

• Revised Module 23.11 (formerly 22.8) includes updated 
labeling in art to elarify the role of insnlin. 

• Revised Module 23.12 (formerly 22.9) includes a eross 
referenee to minerals in Module 25.3, and uses 
hypovitaminosis instead of avitaminosis, 

• Revised Module 23.13 (formerly 22.10) includes USDAs 
MyPlate ieon instead of the older MyPyramid ieon. 

• Revised Module 23.17 (formerly 22.13) includes a new 
photograph showing meehanisms of heat transfer. 

• Revised Module 23.18 (formerly 22.14) includes 
information on the Lewis wave (hunter s response). 

• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents a 
narrative ehapter snmmary. 

• New ehapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 

ehapter 24: The llrínary System 

• All Seetion Openers have been eonverted to Modnles 
(now 24.1, 24.6, and 24.15) linked by number to Learning 
Onteomes and snpported by new Module Reviews. 

• Revised Module 24.2 (formerly 23.1) includes a 
mnemonie for remembering the retroperitoneal organs. 

• Revised Module 24.4 (formerly 23.3) includes new art 
and text on the interealated and prineipal eells of the 
eolleeting duct. 

• Revised Module 24.10 (formerly 23.8) includes an 
additional transport proeesses key under the diagram 
on the right-hand page for elarifieation. 

• Revised Modnles 24.11, 24.12, and 24.13 (formerly 23.9, 
23.10, and 23.11) inelnde npdated art indieating that the 
thin aseending limb is impermeable to water. 
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• Revised Module 24.13 (formerly 23.11) includes 
updated art and art key to inerease eomprehension of 
renal fnnetion. 

• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents a 
narrative ehapter snmmary. 

• New ehapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 

ehapter 25: Fluìd, Eleetrolyte, and Aeíd-Base Balanee 

• All Seetion Openers have been eonverted to Modnles 
(now 25.1 and 25.6) linked by number to Learning 
Onteomes and snpported by new Module Reviews. 

• Revised Module 25.8 (formerly 24.6) includes updated art 
and text to elarify the disenssion of protein buffer systems. 

• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents a 
narrative ehapter snmmary. 

• New ehapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 

ehapter 26:The Reproductíve System 

• All Seetion Openers have been eonverted to Modnles 
(now 26.1 and 26.8) linked by number to Learning 
Onteomes and snpported by new Module Reviews. 

• Revised Modules 26.2 and 26.4 (formerly 25.1 and 25.3) 
inelnde npdated text to indieate there are several semi- 
niferons tubules per testicular lobule. 

• Revised Module 26.3 (formerly 25.2) includes diploid 
and haploid state in all art, along with the dnration of 
eaeh stage of spermatogenesis. This revised Module 
uses aerosome as the primary term, and aerosomal eap 
as the seeondary term. 

• Revised Module 26.4 (formerly 25.3) includes updated 
art that elarifies the position of blood-testis barrier. 

• Revised Module 26.5 (formerly 25.4) elarifies the 
definition of seminal fluid versus semen. 

• Revised Module 26.6 (formerly 25.5) includes ereetile 
dysfnnetion (ED) as an alternate term for impotenee. 

• Revised Module 26.10 (formerly 25.8) eontains npdated 
art on oogenesis that elearly illnstrates when formation 
of seeond polar body occurs. 

• Revised Module 26.13 (formerly 25.11) eontains npdated 
art on vulva that shows position of the vestibnlar bulbs. 

• Revised Module 26.15 (formerly 25.13) eontains art 
with enhaneed detail and eolor. 

• Revised Module 26.17 (formerly 25.15) includes a new 
photograph and art on testienlar eaneer, and inelndes a new 
label indieating site of breast eaneer with ealeifieation. 


• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents a 
narrative ehapter snmmary. 

• New ehapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 

ehapter 27: Development and inherítanee 

• All Seetion Openers have been eonverted to Modnles 
(now 27.1 and 27.13) linked by number to Learning 
Onteomes and snpported by new Module Reviews. 

• Term for embryologieal is now embryonie, 

• Revised Module 27.2 (formerly 26.1) includes the 
metabolie ehanges involved on ooeyte aetivation. 

• Revised Module 27.3 (formerly 26.2) includes a label for 
the zona pellneida on the advaneed mornla, and notes 
the loss of the zona pellneida in the blastoeyst text. 

This revised Module also eontains art that has been 
enhaneed to show endometrial eapillaries. 

• Revised Module 27.8 (formerly 26.7) includes a new 
ultrasound image after 6 months of gestation, and 
inelndes information on mnltiple births. 

• Revised Module 27.11 (formerly 26.10) includes 
enhaneed art on the milk let-down reflex, and inelndes 
a new photograph to illnstrate the neonatal period. 

• Revised Module 27.13 (formerly Seetion 2 Opener) 
inelndes the definition of epigeneties following a 
disenssion of phenotype. 

• Revised Module 27.15 (formerly 26.13) elarifies 
sex-linked inheritanee and provides examples of both 
X- and Y-linked genes. 

• Revised Module 27.16 (formerly 26.14) includes discus- 
sion of the human epigenome. 

• New Study Outline with seleet illnstrations replaees 
the Visual Outline with Key Terms to give stndents 
a narrative ehapter snmmary. 

• New ehapter Review Questions give stndents 
eomprehensive praetiee at the end of the ehapter. 

Supplemental Materíal 

• New Appendix inelndes the following: 

• Periodie table of elements 

• Normal physiologieal values tables (“The Gomposition 
of Minor Body Fluids” and “The Ghemistry of Blood, 
Gerebrospinal Fluid, and Urine”) 

• Genetie eode (mRNA eodons) table 

• New end sheets inelnde helpfnl information on foreign 
word roots, prefixes, suffixes, and eombining forms. 
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10.14 Muscles that position eaeh peetoral girdle originate on 

the oeeipital bone, superior vertebrae, and ribs 368 

10.15 Muscles that move the arm originate on the elaviele, 

scapula, thoraeie eage, and vertebral column 370 

10.16 Muscles that move the forearm and hand originate 

on the scapula, humerus, radius, or ulna 372 

10.17 Muscles that move the hand and fìngers originate on the 

humerus, radius, ulna, and interosseous membrane 374 

10.18 The intrinsie muscles of the hand originate on the earpal and 

metaearpal bones and assoeiated tendons and ligaments 376 

10.19 The muscles that move the thigh originate on the 

pelvis and assoeiated ligaments and faseiae 378 

10.20 The muscles that move the leg originate 

on the pelvis and femur 380 

10.21 The extrinsic muscles that move the foot and toes originate 

on the tibia and fibula 382 

10.22 The intrinsie muscles of the foot originate on the tarsal 

and metatarsal bones and assoeiated tendons 

and ligaments 384 

10.23 The deep faseia separates the limb muscles into separate 

eompartments 386 

Seetion 3 Review 388 



11 NeiiralTíssiie 394 


SEGTION 1 Cellular Organization of the 

Nervous System 395 

11.1 The nervous system has two divisions: the CNS and PNS 395 

11.2 Neurons are nerve eells speeialized for intercellular 

communication 396 

11.3 Neurons are elassified on the basis of structure orfunction 398 

11.4 Oligodendroeytes, astroeytes, ependymal eells, and 

mieroglia are neuroglia of the CNS 400 

11.5 Schwann eells and satellite eells are the neuroglia 

ofthePNS 402 

Seetion 1 Review 404 

SEGTION 2 Neurophysiology 405 

11.6 Neuronal aetivity depends on ehanges in membrane 

potential 405 

11.7 The resting potential is the membrane potential of an 

undisturbed eell 406 

11.8 Three types of gated ehannels ehange the 

permeability of the plasma membrane 408 

11.9 Graded potentials are loealized ehanges in the membrane 

potential 410 

11.10 An aetion potential begins when voltage-gated sodium ion 

ehannels open and membrane potential reverses 412 

11.11 Aetion potentials may affeet adjaeent portions 

of the plasma membrane through continuous 
propagation or saltatory propagation 414 

11.12 At a synapse, information travels from the 

presynaptie eell to the postsynaptie eell 416 

11.13 Postsynaptie potentials are responsiblefor 

information proeessing in a neuron 418 

11.14 Information proeessing involves interaeting groups 

of neurons, and information is eneoded in the 
frequency and pattern of aetion potentials 420 

Seetion 2 Review 422 

ehapter 11 Revíew 423 

StudyOutline 423 
ehapter Review Questions 425 

ehapter Integration: Applying what you have learned 427 


ehapter 10 Revìew 389 

StudyOutline 389 
ehapter Review Questions 391 

ehapter Integration: Applying what you have learned 393 



SEGTION 1 Functional Organization 

of the Spinal Cord 429 

12.1 The spinal eord ean function independently 

from the brain 429 

12.2 The spinal eord eontains gray matter and white matter 430 
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12.3 The spinal meninges, eonsisting of the dura mater, araehnoid 

mater, and pia mater, surround the spinal eord 432 

12.4 Gray matter integrates sensory and motor functions, 

and white matter earries information 434 

12.5 Spinal nerves have a similar anatomieal structure 

and distribution pattern 436 

12.6 Eaeh ramus of a spinal nerve provides motor and 

sensory innervation to a speeifie region 438 

12.7 Spinal nerves form nerve plexuses that innervate 

the skin and skeletal muscles; the eervieal plexus 
is the smallest of these nerve plexuses 440 

12.8 The braehial plexus innervates the peetoral girdle and 

upperlimbs 442 

12.9 The lumbar and saeral plexuses innervate the skin and 

skeletal muscles of the trunk and lower limbs 444 

Seetion 1 Review 446 

SEGTION 2 lntroductíon to Reflexes 447 

12.10 CNS neurons are grouped into neuronal pools, which 

form neural circuits 447 

12.11 Reflexes are vital to homeostasis 448 

12.12 The streteh reflex is a monosynaptie reflex involving 

muscle spindles 450 

12.13 Withdrawal reflexes and erossed extensor reflexes 

are polysynaptie reflexes 452 

12.14 CLINICAL IVlODlJLEiThe brain ean inhibit orfaeilitate 

spinal reflexes, and reflexes ean be used to determine 
the loeation and severity of damage to the CNS 454 

Seetion 2 Review 456 

ehapter 12 Revíew 457 

StudyOutline 457 
ehapter ReviewQuestions 459 

ehapter Integration: Applying what you have learned 461 


The Braín, Craníal 
Nerves, and Sensory 
and Motor Pathways 462 


SEGTION 1 Functional Anatomy of the Brain 

and Granial Nerves 463 

13.1 The brain develops from a hollow neural tube 463 

13.2 Eaeh region of the brain has distinet structural 

and functional eharaeteristies 464 

13.3 The eranial meninges and eerebrospinal fluid proteet 

and support the brain 466 

13.4 The medulla oblongata and the pons eontain autonomic 

reflex eenters, relay stations, and aseending and 
deseending traets 468 

13.5 The cerebellum eoordinates learned and reflexive patterns 

of muscular aetivity at the subconscious level 470 

13.6 The midbrain regulates auditory and visual 

reflexes and eontrols alertness 472 

13.7 The dieneephalon eonsists of the epithalamus, 

thalamus (left and right), and hypothalamus 474 

13.8 The limbie system is a functional group of traets and 

nuclei loeated in the cerebrum and dieneephalon 476 
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13.9 The basal nuclei of the cerebrum adjust and refìne 

ongoing voluntary movements 478 

13.10 Superficial landmarks divide the eerebral hemispheres 

into lobes 480 

13.11 The lobes of the eerebral cortex have regions with 

speeifie functions 482 

13.12 White matter eonneets the eerebral hemispheres and the 

lobes of eaeh hemisphere, and links the cerebrum to 
the rest of the brain 484 

13.13 CLINICAL MODIJLE: Brain aetivity ean be monitored 

using external eleetrodes; the reeord is ealled 

an eleetroeneephalogram, or EEG 485 

13.14 The twelve pairs of eranial nerves are elassified as 

sensory, speeial sensory, motor, or mixed nerves 486 

Seetion 1 Review 488 

SEGTION 2 Sensoryand Motor Pathvvays 489 

13.15 Sensations earried by sensory pathways to the 

CNS begin with transduction at a sensory reeeptor 489 

13.16 Reeeptorsforthegeneralsensesareelassifìed byfunction 490 

13.17 General sensory reeeptors have a simple structure 

and are widely distributed in the body 492 

13.18 Three major somatie sensory pathways earry information 

from the skin and muscles to the CNS 494 

13.19 The somatie nervous system eontrols skeletal muscles 

through upper and lower motor neurons 496 

13.20 There are multiple levels of somatie motor eontrol 498 

13.21 CLINICAL MODULE: Nervous system disorders may 

result from problems with neurons, pathways, 

or a eombination of the two 500 

Seetion 2 Review 502 

ehapter 13 Revíew 503 

StudyOutline 503 

ehapter ReviewQuestions 506 

ehapter Integration: Applying what you have learned 507 




The Autonomíc 
Nervous System sos 


SEGTION 1 Functional Anatomyofthe Autononnic 

Nervous System (ANS) 509 

14.1 Ganglionie neurons of the ANS eontrol viseeral effeetors 509 

14.2 The ANS eonsists of sympathetie, parasympathetie, 

and enterie divisions 510 

14.3 The sympathetie division has ehain ganglia, eollateral ganglia, 

and the adrenal medullae, whereas the parasympathetie 
division has terminal or intramural ganglia 512 

14.4 The two ANS divisions innervate many of the same 

structures, but the innervation patterns are different 514 

14.5 Membrane reeeptors at target organs mediate the effeets 

of sympathetie and parasympathetie stimulation 516 

14.6 The functional differenees between the two ANS divisions 

refleet their divergent anatomieal and physiologieal 
eharaeteristies 518 

Seetion 1 Review 520 


SEGTION 2 Autonomíc Regulatíon 

and Gontrol Meehanísms 521 

14.7 The ANS adjusts viseeral motor responses 

to maintain homeostasis 521 

14.8 The ANS provides preeise eontrol over viseeral functions 522 

14.9 Most viseeral functions are eontrolled 

by viseeral reflexes 524 

14.10 Baroreeeptors and ehemoreeeptors initiate important 

autonomic reflexes involving viseeral sensory pathvvays 526 

14.11 The autonomic nervous system has multiple 

levels of motor eontrol 528 

Seetion 2 Revievv 530 

ehapter 14 Revíew 531 

StudyOutline 531 

ehapter Revievv Questions 533 

ehapter Integration: Applying what you have learned 535 



15.15 The eye is highly organized and has a eonsistent visual 

axis that direets light to the fovea of the retina 564 

15.16 Focusing produces a sharply defined image on 

the retina 566 

15.17 The neural part of the retina eontains multiple layers 

of speeialized photoreeeptors, neurons, and 
supporting eells 568 

15.18 Photoreeeption occurs in the outer segment of rod 

andeoneeells 570 

15.19 Photoreeeption involves aetivation, bleaehing, 

and reassembly of visual pigments 572 

15.20 The visual pathways distribute visual information 

from eaeh eye to both eerebral hemispheres 574 

15.21 CLINICALI\/IODULE:Refraction problems resultfrom 

abnormalities in the eornea or lens, or in the shape 
oftheeye 575 

15.22 CLINICAL l\/10DULE: Aging is assoeiated with many 

disorders of the speeial senses; trauma, infeetion, and 
abnormal stimuli may cause problems at any age 576 

Seetion 3 Review 578 

ehapter 15 Revìew 579 

StudyOutline 579 
ehapter Review Questions 583 

ehapter Integration: Applying what you have learned 585 


SEGTION 1 Olfaetion and Gustation 537 

15.1 Olfaetion is the sense of smell and gustation 

is the sense oftaste 537 

15.2 Olfaetion involves speeialized ehemoreeeptive neurons 

and delivers sensations direetly to the cerebrum 538 

15.3 Gustation involves epithelial ehemoreeeptor eells loeated 

in taste buds 540 

15.4 Gustatory reeeption relies on membrane reeeptors 

and ehannels, and sensations are earried by faeial, 
glossopharyngeal, and vagus nerves 542 

Seetion 1 Review 544 

SEGTION 2 Equilibrium and Hearing 545 

15.5 Equilibrium and hearing involve the internal ear 545 

15.6 The ear is divided into the external ear, the 

middle ear, and the internal ear 546 

15.7 The bony labyrinth proteets the membranous labyrinth 548 

15.8 Hair eells in the semicircular ducts respond to rotation; 

hair eells in the utricle and saccule respond to gravity and 
linear aeeeleration 550 

15.9 The eoehlear duct eontains the hair eells of the organ 

ofGorti 552 

15.10 Movement of the basilar membrane is the stimulus 

for the sensations of piteh and volume 554 

15.11 The vestibulocochlear nerve earries equilibrium 

and hearing sensations to the brain stem 556 

Seetion 2 Review 558 

SEGTION 3 Vision 559 

15.12 The eyes form early in embryonie development 559 

15.13 Aeeessory structures of the eye provide proteetion while 

allowing light to reaeh the interior of the eye 560 

15.14 The eye has a layered wall; it is hollow, with 

fluid-filled anterior and posterior eavities 562 


SEGTION 1 Hormonesand lntercellular 

Communìcatìon 587 

16.1 The nervous and endoerine systems release ehemieal 

messengers that bind to target eells 587 

16.2 Hormones may be amino aeid derivatives, 

peptides, or lipid derivatives 588 

16.3 Hormones affeet target eells after binding to reeeptors 

in the plasma membrane, eytoplasm, or nucleus 590 

16.4 The hypothalamus exerts direet or indireet eontrol over 

the aetivities of many different endoerine organs 592 

16.5 The pituitary gland eonsists of an anterior 

lobe and a posterior lobe 594 

16.6 Negative feedbaek meehanisms eontrol the seeretion 

rates of the hypothalamus and the pituitary gland 596 

16.7 The thyroid gland eontains follieles and requires iodine to 

produce hormones that stimulate tissue metabolism 598 

16.8 Parathyroid hormone, produced by the parathyroid glands, 

is the primary regulator of blood calcium ion levels 600 

16.9 The adrenal glands produce hormones involved 

in metabolie regulation 602 

16.10 The panereatie islets seerete insulin and glucagon 

and regulate glucose use by most eells 604 

16.11 The pineal gland of the epithalamus seeretes melatonin 606 

16.12 CLINICAL l\/10DULE: Diabetes mellitus is an endoerine disorder 

eharaeterized by excessively high blood glucose levels 607 

Seetion 1 Review 608 
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SEGTION 2 Hormones and System Integratíon 609 

16.13 Hormones interaet to produce eoordinated physiologieal 

responses 609 

16.14 Long-term regulation of blood pressure, blood volume, 

and grovvth involves hormones produced by the endoerine 
system and by endoerine tissues in other systems 610 

16.15 The stress response is a predietable response to any 

signifieant threat to homeostasis 612 

16.16 CLINICAL MODIJLE: Overproduction or underproduction 

of hormones ean cause endoerine disorders 614 

Seetion 2 Revievv 616 

ehapter 16 Revìew 617 

StudyOutline 617 
ehapter ReviewQuestions 619 
ehapter Integration: Applying what you have learned 621 


SEGTION 1 Plasma and Formed Elements 623 

17.1 Blood is the fluid portion of the cardiovascular system 623 

17.2 Blood is a fluid eonneetive tissue eontaining plasma 

and formed elements 624 

17.3 Formed elements are produced by stem 

eells in red bone marrow 626 

Seetion 1 Review 628 

SEGTION 2 Structure and Function 

of Formed Elements 629 

17.4 Hematology is the study of blood and blood-forming 

tissues 629 

17.5 Red blood eells, the most eommon formed elements, 

eontain hemoglobin 630 

17.6 Red blood eells are continually produced and reeyeled 632 

17.7 Blood type is determined by the presenee or absenee 

of speeifie surface antigens on RBCs 634 

17.8 CLINICAL MODIJLE: Hemolytie disease of the newborn 

is an RBC-related disorder caused by a eross-reaetion 
between fetal and maternal blood types 636 

17.9 VVhite blood eells defend the body against pathogens, toxins, 

cellular debris, and abnormal or damaged eells 638 

17.10 The elotting response is a complex easeade of 

events that reduces blood loss 640 

17.11 CLINICAL MODIJLE: Blood disorders ean be elassified by their 

origins and the ehanges in blood eharaeteristies 642 

Seetion 2 Review 644 

ehapter 17 Revìew 645 

StudyOutline 645 
ehapter ReviewQuestions 647 

ehapter Integration: Applying what you have learned 649 


Blood Vessels and 
Círculatíon eso 


SEGTION 1 Functional Anatomy of Blood Vessels 651 

18.1 The heart pumps blood, in sequence, through 

the arteries, eapillaries, and veins of the 
pulmonary and systemie circuits 651 

18.2 Arteries and veins differ in the structure and thiekness 

oftheirwalls 652 

18.3 eapillary structure and eapillary blood flow affeet the rates 

of exchange between the blood and interstitial fluid 654 

18.4 The venous system has low pressures and eontains 

almost two-thirds of the body's blood volume 656 

Seetion 1 Review 658 

SEGTION 2 Patterns of Blood Flow 659 

18.5 New blood vessels form through 

vasculogenesis and angiogenesis 659 

18.6 The pulmonary circuit earries deoxygenated blood 

from the right ventriele to the lungs and returns 
oxygenated blood to the left atrium 660 

18.7 The systemie arterial and venous systems operate in parallel, 

and the major vessels often have similar names 662 

18.8 The branehes of the aortie areh supply structures 

that are drained by the superior vena eava 664 

18.9 The external earotid arteries supply the neek, lower jaw, 

and faee, and the internal earotid and vertebral arteries 
supply the brain, while the external jugular veins drain 
the regions supplied by the externai earotid arteries, 
and the internal jugular veins drain the brain 666 

18.10 The internal earotid arteries and the vertebral 

arteries supply the brain, which is drained by the 
dural sinuses and the internal jugular veins 668 

18.11 The regions supplied by the deseending aorta are 

drained by the superior and inferior venae eavae 670 

18.12 The viseera supplied by the eeliae trunk and mesenterie 

arteries are drained by the branehes of the hepatie 
portal vein 672 

18.13 The pelvis and lower limbs are supplied by 

branehes of the eommon iliae arteries and drained 
by branehes of the eommon iliae veins 674 

18.14 CLINICAL l\/10DULE:The pattern of blood flow through the 

fetal heart and the systemie circuit must ehange at birth 676 

Seetion 2 Review 678 

ehapter 18 Revìew 679 

StudyOutline 679 

ehapter ReviewQuestions 682 

ehapter Integration: Applying what you have learned 683 
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The Heart and 
Cardiovascular 
Functíon 684 


SEGTION 1 Structureofthe Heart 685 

19.1 The heart has a superior base, an inferior apex, and 

four borders 685 

19.2 The heart wall eontains eoneentrie layers of eardiae 

muscle tissue 686 

19.3 The heart is loeated in the mediastinum, 

and enelosed by the perieardial eavity 688 

19.4 The boundaries between the ehambers of the heart 

ean be identified on its external surface 690 

19.5 The heart has an extensive blood supply 692 

19.6 Internal valves eontrol the direetion of blood 

flow between the heart ehambers 694 

19.7 When the heart beats, the AV valves elose before 

the semilunar valves open, and the semilunar 
valves elose before the AV valves open 696 

19.8 CLINICAL MODIJLE: Arterioselerosis ean lead to eoronary 

artery disease 698 

Seetion 1 Review 700 

SEGTION 2 CardiacCycle 70i 

19.9 The eardiae eyele is a eomplete round of systole 

and diastole 701 

19.10 The eardiae eyele ereates pressure gradients that 

maintain blood flow 702 

19.11 The heart rate is established by the sinoatrial node 

and distributed by the conducting system 704 

19.12 Gardiae muscle eell eontraetions last longerthan 

skeletal muscle fìber eontraetions primarily due to 
differenees in membrane permeability 706 

19.13 The intrinsie heart rate ean be altered by autonomic 

aetivity 708 

19.14 Stroke volume depends on the relationship between 

end-diastolie volume and end-systolie volume 710 

19.15 Gardiae output is regulated by adjustments 

in heart rate and stroke volume 712 

19.16 CLINICAL MODIJLE: Normal and abnormal eardiae aetivity 

ean be deteeted in an eleetroeardiogram 714 

Seetion 2 Review 716 

SEGTION 3 eoordination of CardiacOutput 

and Blood Flow 717 

19.17 Pressure, resistanee, and venous return affeet 

eardiae output 717 

19.18 Llnder normal eonditions, vessel diameter is the primary 

source of resistanee within the cardiovascular system 718 

19.19 Blood flow is determined by the interplay between 

arterial pressure and peripheral resistanee 720 

19.20 Gapillary exchange is a dynamie proeess that includes 

diffusion, filtration, and reabsorption 722 

19.21 Cardiovascular regulatory meehanisms respond to 

ehanges in blood pressure or blood ehemistry 724 


19.22 Endoerine responses to low blood pressure and low 

blood volume are very different from those to high 
blood pressure and high blood volume 726 

19.23 ehemoreeeptors monitor the ehemieal eomposition 

of the blood and eerebrospinal fluid 728 

19.24 The cardiovascular eenter makes extensive adjustments to 

eardiae output and blood distribution during exercise 729 

19.25 CLINICAL MODULE: Short-term and long-term meehanisms 

eompensate for a reduction in blood volume 730 

Seetion 3 Review 732 

ehapter 19 Revìew 733 

StudyOutline 733 
ehapter Review Questions 737 

ehapter Integration: Applying what you have learned 739 



SEGTION 1 AnatomyoftheLymphatieSystem 74i 

20.1 The lymphatie system eonsists of lymphatie 

vessels, nodes, and lymphoid tissue 741 

20.2 Interstitial fluid flows continuously into lymphatie eapillaries 

and exits tissues as lymph in lymphatie vessels 742 

20.3 Small lymphatie vessels eonverge to form lymphatie 

ducts that empty into the subclavian veins 744 

20.4 Lymphoeytes are responsible for the immune 

functions of the lymphatie system 746 

20.5 Lymphoeytes aggregate within lymphoid tissues and 

lymphoid organs 748 

20.6 The thymus is a lymphoid organ that produces 

functional T eells 750 

20.7 The spleen, the largest lymphoid organ, responds to antigens 

in the bloodstream 752 

Seetion 1 Review 754 

SEGTION 2 Innate lmmunity 755 

20.8 Innate immunity is nonspeefie and is not stimulated by 

speeifie antigens 755 

20.9 Physieal barriers prevent pathogens and toxins from entering 

body tissues and phagoeytes provide the next line of 
defense 756 

20.10 NK eells perform immune surveillance, deteeting and 

destroying abnormal eells 758 

20.11 Interferons and the eomplement system are distributed 

widely in body fluids 760 

20.12 Inflammation is a loealized tissue response to injury; fever is a 

generalized response to tissue damage and infeetion 762 

Seetion 2 Review 764 

SEGTION 3 Adaptíve lmmunìty 765 

20.13 Adaptive immunity provides the body's 

speeifie defenses 765 

20.14 Adaptive immunity is triggered by exposure of 

T eells and B eells to speeifie antigens 766 
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20.15 Infeeted eells stimulate the formation and division of 

cytotoxic T eells, memory Jq eells, and suppressor T eells 768 

20.16 Antigen-presenting eells ean stimulate aetivation of 

CD4 T eells, producing helper T eells that promote 

B eell aetivation and antibody production 770 

20.17 Antibodies are small soluble proteins that bind to 

speeifie antigens; they may inaetivate the antigens 
or trigger another defensive proeess 772 

20.18 Antibodies use many different meehanisms to destroy 

target antigens 774 

20.19 CLINICAL MODIJLE: Allergies and anaphylaxis are antibody 

responses 775 

20.20 Innate and adaptive immunity work together to defeat 

pathogens 776 

20.21 CLINICAL MODIJLE: lmmune disorders involving both 

overaetivity and underactivity ean be harmful 778 

Seetion 3 Review 780 


21.14 Most earbon dioxide transport occurs through the 

reversible formation of earbonie aeid 812 

21.15 CLINICAL MODIJLE: Pulmonary disease ean affeet both lung 

elastieity and airflow 814 

21.16 Respiratory eontrol meehanisms involve interaeting eenters 

in the brain stem 816 

21.17 Respiratory reflexes provide rapid automatic adustments in 

pulmonary ventilation 818 

21.18 CLINICAL MODIJLE: Respiratory function deereases 

with age; smoking makes matters worse 820 

Seetion 2 Review 822 

ehapter 21 Revìew 823 

StudyOutline 823 
ehapter ReviewQuestions 826 

ehapter Integration: Applying what you have learned 827 


ehapter 20 Revíew 781 

StudyOutline 781 

ehapter Review Questions 784 

ehapter Integration: Applying what you have learned 785 
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The Respíratory 
System 


SEGTION 1 AnatomyoftheRespiratorySystem 787 

21.1 The respiratory system has an upper and lower 

respiratory traet with different functions 787 

21.2 The respiratory mucosa is proteeted by the respiratory 

defense system 788 

21.3 The upper respiratory system includes the nose, nasal 

eavity, paranasal sinuses, and pharynx 790 

21.4 The larynx proteets the glottis and produces sounds 792 

21.5 The traehea, bronehi, and bronehial branehes eonvey 

air to and from lung gas exchange surfaces 794 

21.6 The lungs have lobes that are subdivided into 

bronchopulmonary segments 796 

21.7 Pulmonary lobules eontain alveoli, where 

gas exchange occurs 798 

Seetion 1 Review 800 

SEGTION 2 Respiratory Physiology 801 

21.8 Respiratory physiology involves external and internal 

respiration 801 

21.9 Pulmonary ventilation is driven by pressure ehanges within 

the pleural eavities 802 

21.10 Respiratory muscles in various eombinations adjust the 

tidal volume to meet respiratory demands 804 

21.11 Pulmonary ventilation must be elosely regulated 

to meet tissue oxygen demands 806 

21.12 Gas diffusion depends on the partial pressures and 

solubilities of gases 808 

21.13 Almost all the oxygen in the blood is transported 

bound to hemoglobin within red blood eells 810 



SEGTION 1 OrganizationoftheDigestiveSystem 829 

22.1 The digestive system eonsists of the digestive traet and 

aeeessory organs 829 

22.2 The digestive traet is a muscular tube lined by a mucous 

epithelium 830 

22.3 Smooth muscle tissue is found throughout the body, but it 

plays a particularly prominent role in the digestive traet 832 

22.4 Smooth muscle eontraetions mix the eontents of the 

digestive traet and propel materials along its length 834 

Seetion 1 Review 836 

SEGTION 2 DigestiveTraet 837 

22.5 The digestive traet begins with the mouth and ends 

withtheanus 837 

22.6 The oral eavity is a spaee that eontains the tongue, teeth, 

and gums 838 

22.7 Teeth in different regions of the jaws vary in size, shape, 

and function 840 

22.8 The muscular walls of the pharynx and esophagus 

play a key role in swallowing 842 

22.9 The stomaeh and most of the intestinal traet are suspended 

by mesenteries and enelosed by the peritoneal eavity 844 

22.10 The stomaeh is a muscular, expandable, J-shaped organ 

with three layers in the muscularis externa 846 

22.11 The stomaeh reeeives food and drink from the esophagus 

and aids in meehanieal and ehemieal digestion 848 

22.12 The intestinal traet is speeialized to absorb nutrients 850 

22.13 The small intestine is divided into the 

duodenum, jejunum, and ileum 852 

22.14 Five hormones are involved in the regulation of digestive 

aetivities 854 

22.15 Gentral and loeal meehanisms eoordinate gastrie and 

intestinal aetivities 856 
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22.16 The large intestine stores and eoneentrates 

feeal material 858 

22.17 The large intestine eompaets feeal material; the defeeation 

reflex eoordinates the elimination of feees 860 

Seetion 2 Review 862 

SEGTION 3 Aeeessory Digestive Organs 863 

22.18 Some aeeessory digestive organs have seeretory 

functions 863 

22.19 Saliva lubricates and moistens the mouth and initiates 

the digestion of complex earbohydrates 864 

22.20 The liver, the largest viseeral organ, is divided into 

left, right, caudate, and quadrate lobes 866 

22.21 The liver tissues have an extensive and complex 

blood supply 868 

22.22 The gallbladder stores and eoneentrates bile and the 

panereas has vital endoerine and exocrine functions 870 

22.23 CLINICAL MODIJLE: Disorders of the digestive system 

are diverse and relatively eommon 872 

Seetion 3 Review 874 

ehapter 22 Revíew 875 

StudyOutline 875 

ehapter Review Questions 879 

ehapter Integration: Applying what you have learned 881 


23.11 There are two general patterns of metabolie aetivity: 

the absorptive and postabsorptive states 902 

23.12 Vitamins are essential to the function of many 

metabolie pathways 904 

23.13 Proper nutrition depends on eating a balaneed diet 906 

23.14 CLINICAL MODIJLE: Metabolie disorders may result 

from nutritional or bioehemieal problems 908 

Seetion 2 Review 910 

SEGTION 3 Energeties and Thermoregulation 9ii 

23.15 Energeties is the study of energy ehanges, and 

thermoregulation involves heat balanee 911 

23.16 The eontrol of appetite is complex and involves both 

short-term and long-term meehanisms 912 

23.17 To maintain a eonstant body temperature, heat 

gain and heat loss must be in balanee 913 

23.18 Thermoregulatory eenters in the hypothalamus 

adjust heat loss and heat gain 914 

Seetion 3 Review 916 

ehapter 23 Review 917 

StudyOutline 917 
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and Energetíes 882 



The Llrínary 

System 922 


SEGTION 1 Anatomy of the llrinary System 923 


SEGTION 1 introdoetíon to Cellular Metabolísm 883 

23.1 Metabolism refers to all the ehemieal reaetions in 

the body 883 

23.2 Cells ean break down any available substrate from the 

nutrient pool to obtain the energy they need 884 

23.3 The eitrie aeid eyele transfers hydrogen atoms 

to eoenzymes 886 

23.4 The eleetron transport system establishes a 

proton gradient used to make ATP 888 

Seetion 1 Review 890 


24.1 The urinary system organs are the kidneys, 

ureters, urinary bladder, and urethra 923 

24.2 The kidneys are paired retroperitoneal organs 924 

24.3 The kidneys are complex at the gross 

and mieroseopie levels 926 
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Seetion 1 Review 932 


SEGTION 2 Dígestíon and Metabolísm 

of Organíe Nutríents 891 
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hormonally regulated 944 
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24.13 


Renal function is an integrative proeess involving 
filtration, reabsorption, and seeretion 946 
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SECTION 1 • A&P in Perspeetive 


These Learning 
Onteomes 
eorrespond 
bynnmberto 
this ehapter's 
modnles and 
indieate what 
you should be 
able to do after 
eompleting 
the ehapter. 

V J 


(S) 

Learning Onteomes 
arerepeated atthe 
bottomofeaeh 
module. 


V 



Deseribe homeostasis and identify basie study skill strategies to use in this course. 
Deseribe the universal eharaeteristies of living things. 

Define anatomy and physiology, and deseribe maeroseopie and mieroseopie anatomy. 
Explain the relationship betvveen structure and function. 




SEGTION 2 • Levels of Organízatíon 


1.5 


1.6 


1.7 


1.8 


1.9 


1.10 


1.11 


Deseribe the various levels of organization in the human body. 

Deseribe various types of eells in the human body and explain the basie prineiples 
of the eell theory. 

Define histology and explain the interrelationships among the various types of 
tissues. 

Identify the 11 organ systems of the human body, and deseribe the major 
functions of eaeh. 

Deseribe the major organs of the integumentary, skeletal, muscular, 
and nervous systems and briefly deseribe their functions. 

Deseribe the major organs of the endoerine, cardiovascular, lymphatie, 
and respiratory systems and briefly deseribe their functions. 

Deseribe the major organs of the digestive, urinary, and 
reproductive systems and briefly deseribe their functions. 


SEGTION 3 • Homeostasìs 


1.12 



Deseribe the meehanisms of homeostatie regulation. 

Discuss the roles of negative feedbaek and positive 
feedbaekin maintaining homeostasis. 


SECTION4 • Anatomíeal Terms 



1.16 



Deseribe the history of anatomieal terminology. 

Dse eorreet anatomieal terms to deseribe superficial 
and regional anatomy. 

Dse eorreet direetional terms and seetional planes to 
deseribe relative positions and relationships among 
body parts. 

Identify the major body eavities of the trunk and the 
subdivisions of eaeh. 
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r 


SECTION 1 • A&P in Perspeetive 


Focused study is important for 
learning anatomy and physiology 

Human anatomy and physiology eonsiders 
how the human body performs the functions 
that keep you alive and alert. You will learn 
many interesting and important faets about 
the human body as we proeeed. However, 
the approaeh you learn and the attitnde you 
develop will be at least as important as the 
things you memorize. The basie approaeh in 
A&P ean be summed up as “ What is that 
structure, and how does it work?” The complexity of the answer depends on 
the level of detail you need. In seienee, if we know what something does but 
we don t know how, it s usually ealled a ''Blaek Box.” The more you learn, the 
smaller (and more numerous) those Blaek Boxes beeome. That is, the more 
you learn, the more you realize how much you don t know. 




Tips on How to Succeed 
in Your A&P Course 


• Approaeh the ìnformatìon in dífferent 
ways. For example, you might visualize 
the information, talk it over with orTeaeh" 
a fellow student, or spend additional 
time in lab asking questions of your lab 
instructor. 

• Setupastudyscheduleand stiek 
to it. 

• Devote a bloek of tìme eaeh day to your 

A&P course. 

• Praetiee memorization. Memorization 
is an important skill, and an integral part 
of the course. You are going to have to 
memorize all sorts of things—among 
them muscle names, direetional terms, 
and the names of bones and brain parts. 
Realize that this is an important study 
skill, and that the more you praetiee, the 
betteryou will be at remembering terms 
and definitions. We will try to give you 
handles and trieks along the way, to help 
you keep the information in mind. 

• Avoìd shortcuts. Actually there are no 
shortcuts. (Sorry.) You won't get the grade 
you want if you don't put in the time and 
do the work.This requires preparation 
throughout the term. 

• Attend all lectures, labs, and study 
sessìons. Ask questions and partieipate in 
discussions. 

• Read your lecture and lab assígnments 

before eoming to elass. 

• Do not proerastínate! Do not do all 

your studying the night before the exam! 
Actually STLIDY the material several times 
throughout the week. Marathon study 
sessions are often counterproductive. 
There is no easy button; you must push 
yourself. 

• Seek assìstanee ìmmedíately íf you 
have a problem understandíng the 
materìal. Do not wait until the end of the 
term, when it is too late to salvage your 
grade. 


We will devote eonsiderable time to explaining how the body 
responds to normal and abnormal eonditions and maintains 
homeostasis, a relatively eonstant internal environment. As we 
proeeed, you will see how your body’s anatomy and physiology 
work together to eope with injury, disease, or anything else that 
threatens homeostasis. 


l\/lodule1.1 Revìew 


a. Identify several strategies for success in 
thiscourse. 

b. Explain the purpose ofthe learning 
outcomes. 

e. What do seientists mean when they use 
the term "Blaek Box"? 


©1.1 Deseribe homeostasis and identify basie study skill strategies to use in this course. 
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Bìology ís the study of lìfe 

The world around us eontains a variety of living 
organisms with diíferent appearanees and lifestyles. 
Despite this diversity, all living things perform the same 
basie fnnetions: 


1. Living things respond to ehanges in their immediate 
environment—Plants orient to the sun, you move your 
hand away from a hot stove, and your dog barks at 
passing strangers. 

2. Organisms show adaptability —Their internal 
operations and responses to stimnlation ean vary from 
moment to moment. 


3. Over time, organisms grow and develop, and 
reprodnee —This ereates subsequent generations 
of similar, but not identieal, organisms. 

4. Many organisms are eapable of some degree of 
movement. If that movement takes them from one 
plaee to another, we eall the proeess loeomotion. 


Responsiveness, adaptability, growth and development, 
reprodnetion, and loeomotion are aetive proeesses 
that require energy. This energy must continually be 
replaeed as it is used. For animals, energy eaptnre 
typieally involves oxygen absorption from the 
atmosphere throngh respiration and the absorption of 
varions ehemieals from the surrounding environment. 
Eaeh living organism also generates and diseharges 
waste prodnets into the environment in the proeess of 
excretion. These are the basie eharaeteristies of living 
things, both plant and animal. 


For very small organisms, absorption, respiration, and 
excretion involve simply transferring materials aeross 
exposed snrfaees. But for larger creatures like dogs, 
eats, or human beings, this is not possible. For example, 

human beings eannot absorb steaks or iee 

eream without proeessing them first. 
That proeessing, ealled digestion, 
occurs in speeialized areas where 
complex foods are broken down 
into simpler eomponents that 
ean be easily absorbed. Finally, 
beeanse absorption, respiration, 
and excretion are performed 
in different portions of the 
body, most animals have an 
internal distribntion system, 
or eirenlation, that transports 
materials from one plaee to 
another. 



4 • ehopter l:An introdoetion to Anatomy and Physiology 















Characteristícs of Living Organisms 


eharaeterìstìe 

importanee 

Notes 

Responsìveness 

indieates that the organism 
reeognizes ehanges in its internal 
or external environment 

Required for adaptability 

Adaptabìlìty 

ehanges the organism's behavior, 
eapabilities, or structure 

Required for survival in a 
eonstantly ehanging world 

Growth and 
development 

Inherited patternsforgrowth (an 
inerease in size) and development 
(ehanges in structure and 
function) produce organisms 
eharaeteristie of their speeies 

Growth and development 
to maturity is eontrolled by 
inherited instructions in the 
form of DNA 

Reproductìon 

Produces the next generation 

Sexual reproduction between 
two parents produces offspring 
with varied eharaeteristies 

Movement and 
loeomotìon 

Distributes materials throughout 
large organisms; ehanges 
orientation or position of a plant 
or immobile animal; moves 
mobile animals around the 
environment 

Animals show loeomotion at 
some point in their lives 

Respíratìon^ 

Usually refers to oxygen 
absorption and utilization, and 
earbon dioxide generation and 
release 

Oxygen is required for ehemieal 
proeesses that release energy in 
a usable form; earbon dioxide is 
released as a waste product 

Cìrculatíon^ 

Movement of fluid within the 
organism; may involve a pump 
and a networkof speeial vessels 

The circulation provides an 
internal distribution network 

Dìgestìon^ 

The ehemieal breakdown of 
complex materials for absorption 
and use by the organism 

The ehemieals released ean be 
used to generate energy or to 
support growth 

Excretion* 

The elimination of ehemieal 
waste products generated by the 
organism 

The waste products are often 
toxic, so their removal is 
essential 

* The meehanies of the proeess depend on the size and complexity of the organism. 


In the next 26 ehapters we will 
eonsider the meehanies of eaeh of 
these vital proeesses. Althongh we 
will examine the fnnetions of the 
hnman body, the basie eoneepts 
have broad applieation in biology. 


Modyle 1.2 Revíew 


a. Define biology. 

b. List the basie functions shared by all 
living things. 

e. Explain why most animals have 
an internal circulation system that 
transports materials from plaee to 
plaee. 


(S) 1.2 Deseribe the universal eharaeteristies of living things. 
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r 


Anatomy is the study of structure... 

Anatomy, which means ''a cutting open” is the study of internal and external 
structures of the body and the physieal relationships among body parts. Here 
is an overview of the anatomy of the heart, with the walls opened so that you 
ean see the complexity of its internal structure. 


Gross anatomy, or maeroseopie anatomy, involves the examination of 
relatively large structures and featnres usually visible with the nnaided eye. 
This illnstration of a disseeted heart is an example of gross anatomy. 



Pulmonary 

trunk 

Superior 
vena eava 

Aseending 

aorta 


Right 

atrium 


Left 

ventriele 


Right 

ventriele 


Inferior 
vena eava 


Deseending 

aorta 
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Mieroseopie anatomy deals with 
structures that eannot be seen 


without magnifìeation, and thus the 
equipment used establishes the 
boundaries of what ean be seen. With a 
disseeting mieroseope, you ean see 
tissue structure. With a light miero- 
seope, you ean see basie details of eell 
structure. With an eleetron miero- 
seope, you ean see individnal moleenles 
that are only a few nanometers (nm; 
billionths of a meter) aeross. 



Endocardium 
(inner lining of heart) 


Myoeardinm 
(heart muscle) 



Epicardium 
(outer surface 
of heart) 


All speeifie functions are performed by speeifie structures. The link 
between structure and fnnetion is always present, but not always 
nnderstood. For example, althongh the anatomy of the heart was 
elearly deseribed in the 15th eentnry, almost 200 years passed before 
the heart s pnmping aetion was demonstrated. 
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... and physìology ìs the study of functìon 

Physiology is the study of function and how living organisms perform their vital functions. 
These functions are complex and much more difficult to examine than most anatomieal 
structures. A physiologist looking at the heart foenses on its fnnetional properties, such as the 
timing and sequence of the heartbeat, and its effeets on blood pressnre in the major arteries. 


3 


The heartbeat is eoordinated by eleetrieal events within the heart muscle. Those eleetrieal events 
ean be deteeted by monitoring eleetrodes plaeed on the body snrfaee. A reeord of these eleetrieal 


events is ealled an eleetroeardiogram, or ECG. 




Time (msee)- > 
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As the heart beats, pressnre rises and falls within the major 


arteries and the ehambers of the heart. Blood pressnre in the 
major arteries must be maintained within normal limits to prevent 
vessel damage (from high pressnres) or vessel eollapse (from low 
pressnres). 


Module 1.3 Revìew 


a. Define anatomy and physiology. 

b. What are the differenees between gross 
anatomy and mieroseopie anatomy? 

e. Explain the link between anatomy and 
physiology. 


(S) 1.3 Define anatomy and physiology, and deseribe maeroseopie and mieroseopie anatomy. 
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r 


Structure and functíon are ìnterrelated 

Physiology and anatomy are elosely interrelated both theoretieally and 
praetieally. Anatomieal details are signifieant only beeanse eaeh has an eflfeet 
on fnnetion, and physiologieal meehanisms ean be fnlly nnderstood only in 
terms of the nnderlying structural relationships. 



This relationship is easily nnderstood at the gross anatomieal 
level. You are well aware that your elbow joint fnnetions like a 
hinge. It lets your forearm move toward or away from your shonlder, 
but it does not allow twisting at the joint. These fnnetional limits are 
imposed by the internal structure of the joint. 




The end of the hunnerus fits into a broad, 
deep depression nearthe end of the 
ulna, the larger of the two bones of the 
forearm. Note the eorresponding ridges 
and flanges that help hold the humerus 
in position and prevent twisting. 


The elbow joint functions as a hinge 
that permits movement only in one 
plane. 


Humerus 



The end of the humerus, 
the upper arm bone, has 
a eylindrieal articulating 
surface. 


With this interloeking 
arrangement, which is 
stabilized by ligaments and 
surrounding muscles, only 
hinge-like movement is 
permitted. 
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Eaeh ehemieal compound 
has a speeifie size and three- 
dimensional shape. Chemical 
messengers eome in a variety 
of sizes and shapes. In general, 
they are released by one eell to 
affeet othereells. 



Reeeptor molecules ean be on the 
outer surface or inside the eell. 
This figure shows that one 
reeeptor extends aeross the 
plasma membrane (boundary of 
a cell).The plasma membrane is 
also known as the eell membrane. 


The relationship between 


2 


strnetnre and fnnetion also 
applies at the ehemieal level. Cells 
thronghont your body communi- 
eate with one another throngh the 
use of ehemieal messengers, which 
you will learn more about in later 
ehapters. The deteetion of and 
response to these messengers 
usually involves the attaehment of 
the ehemieal messenger released 
by one eell to a reeeptor moleenle 
at another eell. That attaehment 
depends in large part on the 
three-dimensional shapes of the 
messenger and the reeeptor, and 
how well they fit together. 




membrane 




- , 

ehemieal messengers are deteeted 
when they attaeh, or bind, to a 
reeeptor that has the proper shape. 

Binding ereates a new structure— 
messenger and reeeptor—and the 
entire complex often ehanges 
shape as a result.This ean ehange 
the function of the reeeptor. In this 
ease, the messenger binding opens 
a passageway through the reeeptor 
molecule, permitting substances to 
eross the plasma membrane. 


It s important to realize that no mysterious forees are involved in the 
workings of the body. Although our knowledge is ineomplete, it is quite 
elear that living systems are subject to the same laws of physies and 
ehemistry as bnildings, oeeans, and monntain ranges. In faet, many 
advanees in our understanding of the human body eame only after 
advanees in one of the physieal or applied seienees. For example, the 
aetion and pnrpose of the heart valves remained a mystery until the 
1600s, when pumps eontaining valves were developed to remove the 
water from flooded eoal mines. An English physieian, William Harvey, 
was then astute enough to demonstrate that those design prineiples 
explained the fnnetion of the heart and the eirenlation of the blood. 


Modyle 1.4 Revíew 


a. Deseribe how structure and function 
are interrelated. 

b. Gompare the functioning ofthe elbow 
joint with a door on a hinge. 

e. Prediet what would happen tothe 
function of a structure if its anatomy 
were altered. 


(S) 1.4 Explain the relationship between structure and function. 
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SECTION 1 Revíew 

L 


Vocabulary 


For eaeh of the follovving deseriptions, vvrite the appropriate eharaeteristie of living things in the 
eorresponding blank. 



Usually refers to the absorption and utilization of oxygen and the generation and release 
of earbon dioxide 


2 

I 

3 

I 

4 

I 

5 

I 

6 

I 

7 



Produces organisms eharaeteristie of its speeies 

ehanges in the behavior, eapabilities, or structure of an organism 

Movement of fluid vvithin the body; may involve a pump and a netvvorkof speeial vessels 

Elimination of ehemieal vvaste products generated by the body 

ehemieal breakdovvn of complex structures for absorption and use by the body 

Transports materials around the body of a large organism; ehanges orientation or 
position of a plant or immobile animal; moves mobile animals around the environment 
(loeomotion) 

indieates that the organism reeognizes ehanges in the internal or external environment 










VVrite eaeh of the follovving terms 
underthe proper heading. 

• Right atrium 

• Myocardium 

• Valve to aorta opens 

• Left ventriele 

• Valve betvveen left atrium and left ventriele eloses 

• Pressure in left atrium 

• Eleetroeardiogram 

• Endocardium 

• Superior vena eava 

• Heartbeat 

Short answer 
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Anatomy 
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Physìology 


Briefly deseribe hovvthe relationship of form andfunction ofa house key and itsfront door loekare 
both similar to and different from a ehemieal messenger and its reeeptor molecule. 
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Seetíon ìntegratìon 

Hovv might a large organism's survival be affeeted by an inadequate internal circulation netvvork? 


12 
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Module1.5 


SEGTION 2 • LevelsofOrganízation 




The honrian body has multiple 
interdependent levels of organization 

The human body is complex, but the apparent complexity represents multiple 
levels of organizatíon. Eaeh level is more complex than the underlying one, 
but all ean be broken down into similar ehemieal and cellular eomponents. 


Organìsm Level. An organísm —in this ease, a haman—is the 
highest level of organization. All organ systems of an 
organism's body work together to maintain life and health. 


Organ System Level. (Ghapters 5-27) Organs interaet in 
organ systems. Eaeh time it eontraets, the heart pumps and 
pushes blood into a network of blood vessels. Together, the 
heart, blood, and blood vessels form the cardiovascular 
system, one of 11 organ systems in the body. 


Organ Level. An organ eonsists of two or more tissues 
working to perform several functions. Layers of heart muscle 
tissue, in eombination with eonneetive tissue (another type 
of tissue), form the bulk of the wall of the heart, a hollow 
internal organ. 


Tíssue Level. (Ghapter 4) A tíssue is a group of eells and eell 
products working together to perform one or more speeifie 
functions. Heart muscle eells, or eardiae muscle eells (cardium, 
heart), form eardiae muscle tissue. 


Cellular Level. (Ghapter 3) Cells are the smallest living units in 
the body.Their functions depend on organelles, intracellular 
structures eomposed of complex molecules. Eaeh organelle has 
a speeifie function; for example, one type provides the energy 
that powers the eontraetions of muscle eells in the heart. 


ehemìeal Level. (Ghapter 2) Atoms, the smallest stable units 
of matter, ean eombine to form molecules with complex 
shapes. The functional properties of a particular molecule are 
determined by its unique shape and atomie eomponents. 






Atoms in 
eombination 


Complex protein 
molecules 


Protein 

filaments 


Modale 1.5 Revíew 


a. Defineorgan. 

b. Name the lowest level oforganization that includesthe smallest 
living units in the body. 

e. Listthe levelsof organization between eellsand an organism. 


(S) 1.5 Deseribe the various levels of organization in the human body. 


11 

























Module1.6 


r 


Gells are the smallest units of lífe 

Free-living eells are the smallest living structures, with all of the eharaeteristies deseribed earlier 
in the ehapter. Most of the plants and animals you are familiar with are multicellular, eonsisting of 
thonsands to billions of eells. These eells do not exist as independent entities. They work together, 
eaeh with its own eharaeteristies and fnnetions. Cells are the living bnilding bloeks of our bodies. 
There are literally trillions of eells in your body, but there are only an estimated 200 different types 
of eells. Nevertheless, those 200 types show remarkable diversity in appearanee and fnnetion. 


The human body eontains about 200 different eell types. The dimensions of eells are 
usually given in terms of mierometers (pm). One mierometer is one-millionth of a 
meter, or approximately l/25,000th of an ineh. All the eells illnstrated here are shown with 
the dimensions they would have if they were magnified about 1500 times. The skeletal 
muscle eells that give you the ability to move around are too large to illnstrate here. At this 
magnifieation a large skeletal muscle eell would have the diameter of a small dinner plate 
and be over 300 m long. 




Smooth muscle eells 

Smooth muscle eells, 
found in manyorgans, 
are long and slender. 



Blood eells 

Blood eells are either 
flattened dises (red blood 
eells) or roughly spherieal 
(white blood eells). Red 
blood eells—the most 
abundant eells in the 
body—transport oxygen 
and earbon dioxide in the 
bloodstream. VVhite blood 
eells are responsible for 
fighting off infeetion and 
eombating disease. 



Boneeells 



Fat eells 


Bone eells reside within small 
eavities inside the mass of a 
bone.These eells maintain 
bone and reeyele the calcium 
and phosphate stored there. 


Fat eells are spherieal storage 
eontainers. VVhenever we take in 
more energy than we expend, the 
excess energy obtained from the 
food gets stored as fat, and these 
eells get larger and more numerous. 


2 


The importanee of eells is apparent in the eell theory, 
one of the fonndations of modern biology. The basie 


prineiples of the eell theory are as follows: 


Basie Prineiples of the Cell Theory 


• Cells are the structural building bloeks of all plants and animals. 

• Cells are produced by the divisions of pre-existing eells. 

• Cells are the smallest structural units that perform all vital functions. 
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Cells lìnìng the dìgestive traet 

Cells lining the digestive traet are relatively 
delieate.These eells absorb the nutrients, 
vitamins, minerals, and water we need. 



Ooeyte 


Sperm 




Reproductìve eells (sex eells) 


Nerve eells (neurons) 


Cells involved in sexual reproduction are 
ealled sex eells.VVomen produce relatively 
large ooeytes in very small numbers, usually 
at monthly intervals. Males continuously 
produce relatively tiny sperm in enormous 
numbers. 


Nerve eells, or neurons, are the equivalent of computer ehips—they proeess 
information.Thought, memory, consciousness, and muscle eontrol are all 
based on the aetions of, and interaetions among, neurons.There are many 
different types and shapes of neurons.This is a neuron from a part of the 
brain involved with the eontrol of balanee and movement.The extensive 
branehing provides a huge surface area for communicating with other 
neurons. 


The eells of the body work together, and our lives ultimately depend on 
their aetions. If they don t do the right thing at the right time, we re in 
tronble. If our eells ean t snrvive, we re doomed. Yet eaeh individnal eell 
remains unaware of its role in the ''big pietnre”— it simply responds 
and adapts to ehanges in its loeal environment. How the responses of 
eells in different parts of the body are eoordinated and eontrolled is 
obvionsly a key question, and we will spend eonsiderable time in later 
ehapters eonsidering the answers. 


Modyle 1.6 Revìew 


a. Name and defìnethe unit used to 
measure eell size. 

b. List the three basie prineiples ofthe eell 
theory. 

e. Relatethefunctionsofafatcell and a 
neuron to their shapes. 


(S) 1.6 Deseribe various types of eells in the human body and explain the basie prineiples of the eell theory. 


Seetion 2: Levels ofOrganization • 13 
















Module1.7 
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Tìssues are speeìalìzed groups 
of eells and eell products 


The roughly 200 different eell types in the body eombine to form tissues, 
eolleetions of eells and eell products that perform speeifie functions. Histology 
{histosj tissue) is the study of tissues. This module introduces the four primary 
tissue types that, in varions eombinations, form the tissnes of the body: 

epithelial tissue, eonneetive tissue, muscle tissue, and 


EXTRACELLULAR 

MATERIAL 

ANDFLUIDS 


CELLS 


neural tissue. 




í eombine ì 




to form 


j 


'ry 


TISSUES 


eombine 


to form 





ORGANS 


i' 

i 


interaet 

in 










EPITHELIALTISSUE 


CONNECTIVETISSUE 


IV1USCLETISSUE 


NEURALTISSUE 


The most eommon type of epithelial 
(ep-i-TH£-lè-ul) tissue is a layer of eells 
that forms a barrier with speeifie properties. 
Epithelia eover every exposed body snrfaee; line 
the digestive, respiratory, reprodnetive, and 
nrinary traets; surround internal eavities such as 
the ehest eavity or the fluid-filled ehambers in 
the brain, eye, and inner ear; and line the inner 
snrfaees of the blood vessels and heart. 



Gonneetive tissne is quite diverse in appearanee. All 
forms of eonneetive tissue eontain eells and an extracel- 
lular matrix that eonsists of protein fibers and a liquid known 
as the ground snbstanee. The amount and eonsisteney of the 
matrix depend on the partienlar type of eonneetive tissue. 

In blood, the eells are snspended in a watery matrix ealled 
plasma. Bone has a more dnrable matrix, with erystals of 
ealeinm salts organized aronnd a fibrons framework, and 
very little ground snbstanee. 



EPITHELIALTISSUE 


• eovers and proteets exposed surfaces 

• Lines internal passageways and ehambers 

• Produces glandular seeretions 



CONNECTIVETISSUE 


• Fills internal spaees 

• Provides structural support 

• Stores energy 

I- 

Fibers 


Matrix 


Ground substance 
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Muscle tissue is unique because individual muscle 
eells ean eontraet foreefnlly. Major fnnetions of 


muscle tissue include skeletal movement, soft tissue 
support, maintenanee of blood flow, movement of materials 
along internal passageways, and the stabilization of normal 
body temperatnre. There are three different types of muscle 
tissue. 


MUSCLETISSUE 


• Gontraets to produce aetive nriovement 


Nuclei 



Skeletal muscle tíssue is usually direetly or indireetly 
attaehed to the skeleton. When it eontraets, it moves 
or stabilizes the position of bones or internal organs. 


Nucleus Musclecell 



eardíae muscle tíssue is found in the heart, where 
its eoordinated eontraetions propel blood through 
the blood vessels. 



Smooth muscle tìssue is found in the walls of blood 
vessels, within glands, and along the respiratory, 
circulatory, digestive, and reproductive traets. 


4 


Neural tissue is speeialized to earry information or 
instrnetions from one plaee in the body to another. 


Two basie types of eells are present: nerve eells, or neurons 
(NOO-rons; neuro, nerve), and snpporting eells, or neuro- 
glia (noo-ROG-lè'Uh; glue). Neurons transmit informa- 
tion in the form of eleetrieal impnlses. Nenroglia isolate and 
proteet nenrons while forming a snpporting framework. 

The neural tissue in the body ean be divided on anatomieal 
gronnds into the eentral nervons system, which eonsists 
of the brain and spinal eord, and the peripheral nervons 
system, which inelndes the nerves eonneeting the eentral 
nervons system with other tissnes and organs. 


NEURALTISSUE 


• Conducts eleetrieal impulses 

• Garries information 


Neurons Neuroglia 



Modnle 1.7 Revíew 


a. Define histology. 

b. Identify the four primary tissue types. 

e. Explain thefunctionsofeach ofthe 
primarytissuetypes. 


(S) 1.7 Define histology and explain the interrelationships among the various types of tissues. 
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Module1.8 


r 



Organs and organ systems perform vital functions 

An organ is a fnnetional unit eomposed of more than one tissue type. The 
particular eombination and organization of tissnes within an organ both 
determines and limits the organs fnnetions. For example, an organ with a flattened 
shape ean provide proteetion (like a sheet of eardboard on a table snrfaee), and an 
organ with a three-dimensional shape ean house additional structures (like a 
eardboard box and its eontents). An organ system eonsists of organs that interaet to 
perform a speeifie range of fnnetions, often in a eoordinated fashion. 


The heart, for example, is an organ 
that eontains eardiae muscle 
tissue, epithelial tissue, eonneetive 
tissues, and neural tissue.The 
intereonneetions between eardiae 
muscle eells ensure that the 
eontraetions are eoordinated, 
producing a heartbeat; the neural 
tissue adjusts the heart rate. When 
the heart beats, the internal 
anatomy of the heart, largely 
eomposed of eardiae muscle tissue 
and eonneetive tissue, allows it to 
function as a pump. 



The cardiovascular system includes the 
heart, blood vessels, and circulating 
blood.This system distributes oxygen, 
nutrients, water, and heat throughout 
the body, and transports waste 
products to sites where they ean be 
excreted. 
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The table at right lists the 11 organ systems in 


2 


the hnman body. Althongh this eategorization is 
a eonvenient way to organize information, the eoneept 
of separate “organ systems” is artifieial and somewhat 
misleading. Nothing in the body fnnetions in 
isolation—not eells, not tissnes, not organs, and 
eertainly not organ systems. Organs and organ systems 
are interdependent, and something that affeets one 
organ will affeet the fnnetioning of the body as a 
whole. For example, the heart eannot pump blood 
effeetively after massive blood loss. If the heart eannot 
pump and blood eannot flow, oxygen and nntrients 
eannot be distribnted. Very soon, eardiae muscle tissue 
begins to break down as individnal muscle eells die 
from oxygen and nntrient starvation. These ehanges 
will not be restrieted to the eardiovasenlar system. All 
eells, tissnes, and organs in the body will be damaged, 
with potentially fatal resnlts. 


Lymphatie 


Respiratory 


Digestive 


Drinary 


Organ Systems 



lntegumentary 

system 



Skeletal 

system 



Muscular 

system 



Nervous 

system 



Endoeríne 

system 



jp^k Cardíovascular 


% 


system 



Lymphatie 

system 



Respiratory 

system 



Digestive 

system 





Llrinary 

system 



Reproductive 



Reproductive 

system 


Major Functìons 


Proteets against environmental hazards; 
helps eontrol body temperature 


Provides support; proteets tissues; 
stores minerals;forms blood eells 


Produces movement; provides support; 
generates heat 


Direets immediate responses to stimuli, 
usually by eoordinating the aetivities of 
other organ systems 


Direets long-term ehanges in other 
organ systems 


Transports eells and dissolved materials, 
including nutrients, wastes, and gases 


Defends against infeetion and disease; 
returns tissue fluid to the bloodstream 


Delivers air to sites where gas exchange 
occurs between the air and circulating 
blood; produces sound 


Proeesses food and absorbs nutrients 


Eliminates excess water, salts, and 
wastes; eontrols pH 


Produces sex eells and hormones; 
supports embryonie development 
from fertilization to birth (female) 


Module 1.8 Revìevv 


a. List the 11 organ systems ofthe body. 

b. Explain the relationship between 
the skeletal system and the digestive 
system. 

e. Dsing the table as a referenee, deseribe 
howfalling down aflight ofstairs could 
affeet at least six of the organ systems. 


© 1.8 Identify the 11 organ systems of the human body, and deseribe the major functions of eaeh. 
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Module1.9 


r 



lntegumentary System 


Proteets against environmental hazards; 
helps eontrol body 
temperature 



Epidermis and 

assoeiated 

glands 


Skeletal System 

Provides support; proteets tissues; 
stores minerals; forms blood eells 


Sternum 


Vertebrae 


Sacrum 


Appendìcular Skeleton 



Supporting 

bones 


Llpper limb 
bones 


Supporting bones 


Lower limb 
bones 


Organ/Structure 

Primary Functìon 

Cutaneous Membrane 


Epidermis 

Govers surface; proteets deeper tissues 

Dermis 

Nourishes epidermis; provides strength; 
eontains glands 

Haír Follìeles 

Produce hair; innervation provides 
sensation 

Hairs 

Provide proteetion for head 

Sebaceous glands 

Seerete lipid eoating that lubricates hair 
shaft and epidermis 

Sweat Glands 

Produce perspiration for evaporative eooling 

Naíls 

Proteet and stiffen distal tips of digits 

Sensory Reeeptors 

Provide sensations of touch, pressure, 
temperature, pain 

Hypodermís 

Stores lipids; attaehes skin to deeper 
structures 


Organ/Structure 

^ Prímary Functìon 

Bones, Cartílages, 
and Joints 

Axial skeleton (skull, 
vertebrae, sacrum, coccyx, 
sternum, supporting 
eartilages and ligaments) 

Appendicular skeleton: 
limbs and supporting 
bones and ligaments 

Support, proteet soft tissues; bones store 
minerals 

Proteets brain, spinal eord, sense organs, 
and soft tissues of thoraeie eavity; 
supports the body vveight over lovver 
limbs 

Provides internal support and positioning 
of the limbs; supports and moves axial 
skeleton 


Bone l\/larrow Primary site of blood eell production (red 

marrovv); stores of energy in fat eells 
(yellovv marrovv) 
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... and organs of the nervoos system 
provìde rapìd eontrol and regulatíon 


Muscular System 

Produces movement; provides 
support; generates heat 


1 

I 


Axial 

muscles 



Appendicular 

muscles 


Tendons 


Nervous System 


Direets immediate 
responses to stimuli, 
usually by eoordinating 
the aetivities of other 
organ systems 


Peripheral 

nerves 


Spinal eord 



Gentral Nervous System 


Organ/Structure 

Prìmary Functìons 

Skeletal IVIaseles 

Provide skeletal movement; eontrol 
entranees to digestive and respiratory 
traets and exits from digestive and 
urinary traets; produce heat; support 
skeleton; proteet soft tissues 

Axial myseles 

Support and position axial skeleton 

Appendicular muscles 

Support, move, and braee limbs 

Tendons, Aponeuroses 

Use forees of eontraetion to perform 
speeifie tasks 


Organ/Structure 

Prìmary Functìon 

Gentral Nervous System 
(CNS) 

Aets as eontrol eenter for nervous system; 
proeesses information; provides short-term 
eontrol over aetivities of other systems 

Brain 

Performs complex integrative functions; 
eontrols both voluntary and involuntary 
aetivities 

Spinal eord 

Relays information to and from brain; performs 
less-complex integrative aetivities 

Speeial senses 

Provide sensory input to the brain relating to 
sight, hearing, smell, taste, and equilibrium 

Perípheral Nervous 

System (PNS) 

Links CNS with other systems and with sense 
organs 


Modyle 1.9 Revíew 


a. Identify the major organs ofthe integumentary, 
skeletal, muscular, and nervous systems. 

b. Explain the functions ofeaeh ofthese systems. 

e. How would a nervous system disorder affeet the 
muscular system? 


1.9 Deseribe the major organs of the integumentary, skeletal, 
muscular, and nervous systems and briefly deseribe their functions. 
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Organs of the endoerine system seerete ehemìeals that are 
earried by organs of the cardiovascular system... 


Endoerine System 

Direets long-term ehanges in 
other organ systems 


Parathyroid gland 

Thymus 


Adrenal gland 


Pineal gland 
Pituitary gland 


Thyroid gland 


Panereas 



Testis in male 



Transports eells and dissolved 
materials, including 


nutrients, vvastes. 


and gases 


Heart 


Artery 

Vein 



Gapillaries 


Organ/Structure j 

Prlmary Functìon 

Píneal Gland 

May eontrol tinning of reproduction and set 
day-night rhythms 

Pltultary Gland 

Gontrols other endoerine glands; regulates 
grovvth and fluid balanee 

Thyrold Gland 

Gontrols tissue metabolie rate; regulates 
calcium levels 

Parathyrold Glands 

Regulate calcium levels (with thyroid gland) 

Thymus 

Gontrols maturation of lymphoeytes 

Adrenal Glands 

Adjust water balanee, tissue metabolism, 
cardiovascular and respiratory aetivity 

Kldneys 

Gontrol red blood eell production, elevate blood 
pressure, and assist in calcium homeostasis 

Panereas 

Regulates blood glucose levels 

Gonads 

Testes 

Ovaries 

Support male sexual eharaeteristies and 
reproductive functions (Module 1.11) 

Support female sexual eharaeteristies and 
reproductive functions (Module 1.11) 


Organ/Structure 

Prìmary Functíon 

Heart 

Propels blood; maintains blood pressure 

Blood Vessels 

Distribute blood around the body 

Arteries 

Carry blood from the heart to eapillaries 

eapillaries 

Permit diffusion between blood and 
interstitial fluids 

Veins 

Return blood from eapillaries to the heart 

Blood 

Transports oxygen, earbon dioxide, and 
blood eells; delivers nutrients and 
hormones; removes wastes; assists in 
temperature regulation and defense 
against disease 
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... organs of the lymphatìe system defend the body, and 
organs of the respíratory system exchange vítal gases 


Lymphatíe System 


Defends against infeetion and 
disease; returns tissue fluid 


to the bloodstream 


Thymus 



Lymph nodes 


Spleen 


Lymphatie 

vessel 


Respíratory System 


Delivers air to sites where 
gas exchange occurs 
between the air and 
circulating blood; 
produces sound 

Pharynx 
Traehea 



Diaphragm 


Larynx 


Bronehi 



Nasal eavity 
Sinus 


Organ/Structure 

Prìmary Functíon 

Lymphatìe Vessels 

Carry lymph (water and proteins) and 
lymphoeytes from peripheral tissues to 
veins of the cardiovascular system 

Lymph Nodes 

Monitor the eomposition of lymph; engulf 
pathogens; stimulate immune response 

Spleen 

Monitors circulating blood; engulfs 
pathogens and reeyeles red blood eells; 
stimulates immune response 

Thymus 

Gontrols development and maintenanee 
of one elass of lymphoeytes (T eells) 


Organ/Structure 

Prìmary Functìon 

Nasal eavítíes and 
Paranasal Sínuses 

Filter, warm, humidify air; deteet smells 

Pharynx 

Conducts air to larynx; a ehamber shared with 
the digestive traet 

Larynx 

Proteets opening to traehea and eontains 
voeal eords 

Traehea 

Filters air; eartilages keep airway open 

Bronehí 

Conducts air between traehea and lungs 


Lungs Responsible for air movennent; alveoli within 

the lungs are sites of gas exchange between 
airand blood 


Module 1.10 Revìew 


a. Identify the major organs ofthe endoerine, 
cardiovascular, lymphatic,and respiratory systems. 

b. Explain the functions ofeaeh ofthese systems. 

e. How would a lymphatie system disease affeetthe 
cardiovascular system? 


1.10 Deseribe the major organs of the endoerine, cardiovascular, 
lymphatie, and respiratory systems and briefly deseribe their functions. 
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Organs of the dígestive system make nutrìents 
avaílable and with the urinary system excrete wastes... 


Digestive System 


Proeesses food and absorbs 
nutrients 


Oral eavity 
Pharynx 


Salivary gland 


Esophagus 


Liver 

Gallbladder 


Panereas 
Small intestine 



Anus 


Stomaeh 


Large intestine 


Llrìnary System 

Eliminates excess water, 
salts, and wastes 


Llrinary 

bladder 


Llrethra 



Kidney 


Llreter 


Organ/Structure 

Prìmary Functíon 


Organ/Structure 

Prímary Functìon 

Oral Gavìty (IVloyth) 

Gavity for food; works with assoeiated 
structures (teeth, tongue) to break up food 
and pass food and liquids to pharynx 


Kídneys 

Form and eoneentrate urine; regulate blood 
pH and ion eoneentrations; perform 
endoerine functions 

Salívary Glands 

Provide buffers and lubrication; produce 
enzymesthat begin digestion 


Llreters 

Conduct urine from kidneys to urinary 
bladder 

Pharynx 

Conducts solid food and liquids to esophagus; 
ehamber shared with respiratory traet 





Llrínary Bladder 

Stores urine for eventual elimination 

Esophagus 

Delivers food to stomaeh 


llrethra 

Conducts urine to exterior 

Stomaeh 

Seeretes aeids, enzymes, and hormones 


Small Intestíne 

Seeretes digestive enzymes, buffers, and 
hormones; absorbs nutrients 




Líver 

Seeretes bile; regulates nutrient eomposition 
of blood 




Gallbladder 

Stores and eoneentrates bile for release into 
small intestine 




Panereas 

Seeretes digestive enzymes and buffers; 
eontains endoerine eells 




Large Intestíne 

Removes water from feees; stores wastes 
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... and organs of the male and female reproductive 
systems provide for the continuity of life 


Female Reproductíve System 

Produces sex eells and hormones; 
supports embryonie 
development from 
fertilization to birth 



Mammary 

gland 

Llterine tube 

Ovary 

Uterus 

Vagina 

External 

genitalia 



Produces sex eells 
and hormones 


Prostate gland 
Seminal gland 


Ductus deferens 


Urethra 


Epididymis 

Testis 

Penis 

Scrotum 



Organ/Structure 

Prlmary Functlon 

Ovaríes 

Produce ooeytes and hormones 

UteríneTubes 

Deliver ooeyte or embryo to uterus; 
normal site of fertilization 

Uterus 

Site of embryonie development and 
exchange between maternal and fetal 
bloodstreams; sheds lining during 
menstruation 

Vagína 

Site of sperm deposition; aets as a 
birth eanal during delivery; provides 
passageway for fluids during 
menstruation 

External Genítalía 

eiitoris eontains ereetile tissue; provides 

pleasurable sensations during sexual 
aetivities 

Labia Contain glands that lubricate 

entranee to vagina 

Mammary Glands Produce milk that nourishes newborn 

infant 



Testes 


Produce sperm and hormones 


Aeeessory Organs 

Epididymis 

Ductus deferens 
Seminal glands 
Prostate gland 
Urethra 

External Genìtalìa 

Penis 

Scrotum 


Aets as site of sperm maturation in eaeh testis 
Conducts sperm from the epididymis 
Seerete fluid that contributes to semen 
Seeretes fluid and enzymes 
Conducts semen to exterior 

Deposits sperm in vagina of female 

Surrounds the testes and eontrols their 
temperature 


Module1.11 Revìew 


a. Identify the major organs ofthe digestive, urinary, 
and reproductive systems. 

b. Explain the functions ofeaeh ofthese systems. 

e. How would a reproductive system disorder affeet 
the urinary system? 


1.11 Deseribe the major organs of the digestive, urinary, and 
reproductive systems and briefly deseribe their functions. 
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SECTION 2 Revievtf 


Concept map 

Use eaeh of the follovving terms onee 
to fill in the blank boxes to eorreetly 
eomplete the map. 

• organs 

• epithelial tissue 

• eells 

• eonneetive tissue 

• muscle tissue 

• neural tissue 

• organ systems 

• external and internal surfaces 

• matrix 

• glandular seeretions 

• bones of the skeleton 

• neuroglia 

• blood 

• materials vvithin digestive traet 

• protein fibers 

• ground substance 

• movement 



Voeabnlary 

Reorder the levels of organization listed belovv into the 
eorreet sequence from simplest to most complex. 

• organ system • organ 

• tissue •ehemieal 

• organism •cellular 



Short answer 

Summarize the majorfunctions of eaeh ofthefollovving organ systems. 

Integumentary 
Skeletal 
l\/luscular 
Nervous 
Endoerine 
Cardiovascular 

Seetìon integratíon 

For five different organ systems in the human body, identify a speeialized eell type found in that system. 
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Lymphatie 

25 

20 
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Respiratory 

26 

21 


27 

Digestive 

27 

22 


28 

Urinary 

28 

23 


29 

Reproductive 

29 

24 
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Module1.12 


SECTION 3 • Homeostasís 



Homeostatìe regulatìon relìes on a 
reeeptor, a eontrol eenter, and an effeetor 

Homeostasis (hó-mè-ó-STÀ-sis; homeoj unchanging + stasisj standing) is the presenee 
of a stable internal environment. Maintaining homeostasis is absolutely vital to an 
organism's snrvival. Failnre to maintain homeostasis soon leads to illness or even 
death. The prineiple of homeostasis is the eentral theme of this text and the fonndation 
of all modern physiology. Homeostatie regulation is the adjnstment of physiologieal 
systems to preserve homeostasis in environments that are often ineonsistent, 
nnpredietable, and potentially dangerons. An nnderstanding of homeostatie regnlation 
is erneial to making aeenrate predietions about the body s responses to both normal 
and abnormal eonditions. 


HOMEOSTASIS 


Normal 

eondition 

restored 




Normal room 
temperature 


RESPONSE: 

Room temperature 


EFFEGTOR 

Air eonditioner 
turns on 


Sends 

eommands 




eONTROL GENTER 

(Thermostat) 


Normal 

eondition 

disturbed 


STIMULUS: 

Room temperature 

rises 



20 


30° 40° (°C) 



REGEPTOR 




Information 

affeets 



Maintaining a relatively eonstant temperature in your living spaee is a 
familiar example of homeostasis. Like all homeostatie regulatory 
meehanisms, it eonsists of (1) a reeeptor or sensor—in this ease, a 
thermometer—that is sensitive to a particular environmental ehange, or 
stimulus; (2) a eontrol eenter or integration eenter—in this ease, a 
thermostat—which reeeives and proeesses the information supplied by the 
reeeptor, and which sends out eommands; and (3) an effeetor —in this ease, 
an air eonditioner—which responds to these eommands by opposing the 
stimulus. The net effeet is that any variation outside normal limits triggers a 
response that restores normal eonditions. 


u 

o 

CL» 


O. 



CL» 



O 

O 


22 


Air 

eonditioner 
turns on 


Air 

eonditioner 
turns off 


Set point 



Normal range 


Time 



2 


Homeostatie eontrol is not 


preeise—it maintains a normal range 
rather than an absolute value. The same is 
true for eontrolling room temperature—a 
house may have the thermostat on one 
wall of one room, and the air eonditioning 
outlets at multiple loeations. Over time, 
the temperature in the house will oseillate 
around the set point. 


The setting on a thermostat establishes 
the set poínt, or desired value, which 
in this ease is the temperature you 
seleet. (In our example, the set point is 
22°C, or about 72°F.) The function of the 
thermostat is to keep room temperature 
within aeeeptable limits, usually within a 
degree or so of the set point. 


Modyle 1.12 Revìew 


a. Define homeostasis. 

b. VVhy is homeostatie regulation important 
to an organism? 

e. Deseribe the three parts neeessaryfor 
homeostatie regulation. 


(S) 1.12 Deseribe the meehanisms of homeostatie regulation. 
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Module1.13 




Feedbaek occurs when reeeptor stimulation triggers a response that ehanges 
the environment at the reeeptor. In the ease of temperatnre eontrol by a ther- 
mostat, temperatnre variation ontside the desired range triggers an antomatie 
response that eorreets the sitnation. This method of homeostatie regnlation is 
ealled negative feedbaek, beeanse an effeetor aetivated by the eontrol eenter 
opposes, or negates, the original stimulus. Negative feedbaek thus tends to 
minimize ehange, keeping variation in key body systems 
within limits eompatible with our long-term 
snrvival. ^ 

HOMEOSTASIS 


Start 


Homeostasis 

restored 


0 


EFFEGTORS 


inereased aetivity in the eontrol 
eenter targets two effeetors: (1) 
smooth muscle in the walls of 
blood vessels supplying the skin 
and (2) sweat glands.The smooth 
muscle relaxes and the blood 
vessels dilate, inereasing blood 
flow through vessels near the 
body surface; the sweat glands 
aeeelerate their seeretion.The 
skin then aets like a radiator by 
losing heat to the environment, 
and the evaporation of sweat 
speeds the proeess. 



At normal body temperature 
(set point: 37°C or 98.6° F), the 
temperature eontrol eenter is 
relatively inaetive; superficial 
blood flow and sweat gland 
aetivity are at normal 

levels. 


Homeostasis 

disturbed 


Homeostasis and body temperature 


eONTROL GENTER 


The temperature eontrol eenter 
reeeives information from 
the two sets of temperature 
reeeptors and sends eommands 
to the effeetors. 




REGEPTORS 


If body temperature rises above 
37.2° e (99° F), two sets of 
temperature reeeptors are 
stimulated. Loeated in the skin 
and the brain, they send signals 
to the homeostatie eontrol 
eenter. 


2 


In this graph of body temperatnre 


over time in a warm environment, 
note that body temperatnre deelines past 
the set point as the sweat already seereted 
eontinnes to evaporate. 


Negative feedbaek is the primary meehanism of homeostatie regnlation, 
and it provides long-term eontrol over the body s internal eonditions and 
systems. Homeostatie meehanisms using negative feedbaek normally ignore 
minor variations, and they maintain a normal range rather than a fixed value. 
The regnlatory proeess itself is dynamie, beeanse the set point may vary with 
ehanging environments or differing aetivity levels. For example, when you are 
asleep, your thermoregulatory set point is lower, whereas when you work 
ontside on a hot day (or when you have a fever), it is higher. Thus, body 
temperatnre ean vary from moment to moment or from day to day for any 
individnal, due to either small oseillations around the set point or ehanges in 
the set point. Gomparable variations occur in all other aspeets of physiology. 



Vessels 

dilate, 

sweating 

inereases 


Vessels 

eonstriet, 

sweating 

deereases 



CL» 


03 


QJ 

CL 



QJ 


37.2 

37 

36.7 



o 


Normal 

range 


Time - 
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... and posìtive feedbaek 
aeeelerates a proeess to eompletíon 


In positive feedbaek, an initial stimnlns prodnees a response that exaggerates 
or enhanees the ehange in the original eonditions, rather than opposing it. You 
seldom encounter positive feedbaek in your daily life, simply because it tends to 
prodnee extreme responses. For example, snppose that the thermostat in your 
house was aeeidentally eonneeted to a heater rather than to an air eonditioner. 
Now, when room temperatnre exceeds the set point, the thermostat turns on 
the heater, eansing a fnrther rise in room temperatnre. Room temperatnre will 
eontinne to inerease until someone switches off the thermostat, turns off the 

heater, or intervenes in some other way. This kind of esealating 


eyele is often ealled a positive feedbaek loop. 


blood vessel 
wall causes 
bleeding 




ehemieals 








Damage to eells in the 
blood vessel wall releases 
ehemieals that begin the 
proeess of blood elotting. 


I 



The ehemieals start ehain 
reaetions in which eells, 
eell fragments, and soluble 
proteins in the blood begin 
to form a elot. 



eiotting 

aeeelerates 



ehemieals 
/\ /\ 


Blood elot 


V 



As elotting continues, eaeh 
step releases ehemieals that 
further aeeelerate the 
proeess. 


This esealating proeess 
is a positive feedbaek 
loop that ends with the 
formation of a blood elot, 
which patehes the vessel 
wall and stops the bleeding. 


3 


In the body, positive feedbaek loops are 
typieally found when a potentially dangerons 
or stressfnl proeess must be eompleted quickly 
before homeostasis ean be restored. For example, 
the immediate danger from a severe cut is blood 
loss, which ean lower blood pressnre and reduce 
the heart s effieieney. 


Modyle 1.13 Revìew 


a. Provide an example of negative feedbaek 
homeostatie regulation in the body. 

b. Explain the function of negative feedbaek 
systems. 

e. Why is positive feedbaek helpful in blood 
elotting but unsuitable for regulating 
body temperature? 


(S) 1.13 Discuss the roles of negative feedbaek and positive feedbaek in maintaining homeostasis. 
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SECTION 3 Revíevtf 


Vocabulary 


VVrite the term for eaeh of the follovving deseriptions in the spaee provided. 


1 

1 

2 

I 

3 

I 

4 

I 

5 


Meehanism that inereases a deviation from normal limits after an initial stimulus 
Adjustment of physiologieal systems to preserve homeostasis 
The maintenanee of a relatively eonstant internal environment 
Homeostatie regulatory eomponent that deteets ehanges 
Gorreetive meehanism that opposes or eaneels a variation from normal limits 


1 

1 

2 

I 

3 

I 

4 

I 

5 


indieate vvhether eaeh of the follovving proeesses represents negative feedbaek or positive feedbaek. 

A rise in the level of calcium dissolved in the blood stimulates the release of a hormone 
that causes bone eells to deposit more of the calcium in bone. 




Labor eontraetions beeome inereasingly forceful during ehildbirth. 




An inerease in blood pressure triggers a nervous system response that results in 
lovvering the blood pressure. 




Blood vessel eells damaged by a break in the vessel release ehemieals that aeeelerate 
the blood elotting proeess. 



Short answer 


Assuming a normal body temperature range of 36.7°-37.2°C (98°-99°F), identify from thegraph belovv vvhat vvould happen ifthere vvere an inerease or 
deerease in body temperature beyond the normal limits. Use the follovving deseriptive terms to explain vvhat vvould happen at (10) and (11) on the graph. 


body surface eools 
shivering occurs 
svveating inereases 
temperature deelines 
body heat is eonserved 


blood flovv to skin inereases 
blood flovv to skin deereases 
temperature rises 


37.8°C/100°F 

36.7°-37.2°C/98°-99°F 


36.1°C/97°F 


10 



Normal range 



Seetíon ìntegratìon 

It is a vvarm day and you feel a little ehilled. On eheeking your temperature, you find that your body temperature is 1.5 degrees belovv normal. Suggest 
some possible reasons for this situation. 
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Module1.14 


SEGTION 4 • AnatomíealTerms 



Anatomieal terms have a 
long and varíed hístory 


Early anatomists ereated maps of the human body, and we still 
rely on maps for orientation. The landmarks are prominent 
anatomieal structures; distanees are measnred in eentimeters 
or inehes; and we use speeialized direetional terms. In eífeet, 
anatomy uses a speeial language that must be learned almost 
at the start. Many terms are based on Latin or Greek words 
used by aneient anatomists. However, Latin and Greek 
terms are not the only ones that have been imported into the 
anatomieal voeabnlary over the eentnries, and the voeabnlary 
eontinnes to expand. Many anatomieal structures and elinieal 
eonditions were initially named after either the diseoverer or, 
in the ease of diseases, the most famous vietim. Most of these 
eommemorative names, or eponyms, have been replaeed by 
more preeise terms, but a few persist. 



The table below lists some eponyms you may already know, 
along with their equivalent anatomieal or medieal terms. 


Eponym | 

EquìvalentTerm 

Aehilles tendon 

Galeaneal tendon 

Broea's area 

Speeeh eenter 

Eustachian tube 

Auditory tube 

Krebs eyele 

Gitrie aeid eyele 


The study of human anatomy by medieal professionals in a 
nniversity setting ean be traeed baek to Medieval Europe. 

Lounded in 1088, the TJniversity of Bologna in Italy is 
eonsidered to be the first nniversity in the modern sense. 

The most famous anatomist at Bologna was Mondino dei 
Liuzzi, who joined the faenlty in 1306. He wrote the Anatomia, 
which is perhaps the first anatomy text for nniversity stndents. 
Mondino was so revered, that images of him presiding over dis- 
seetions were inelnded in other anatomy texts for many years. 

Anatomy as a seienee was dramatieally improved during 
the Renaissanee at the TJniversity of Padua. Established in 1222 
in Italy's Venetian Repnblie, Padua s most famous anatomist was 
Andreas Vesalins, who eondneted frequent, detailed disseetions. 
The result was a visually beautiful and amazingly aeenrate 
anatomieal text titled De Hnmani Corporis Fabriea, Pnblished 
in 1543, this text eorreeted the mistakes of previons anatomists 
and served as an early model for modern anatomy edneation. 

As you begin your anatomy stndies, eonsider yonrself 
as the latest generation of eollege and nniversity anatomy 
stndents. You are studying an area of seienee that is eentnries 
old and rieh with history. 



2 


Frontispieee to John of Kethams Fasciculus 
Medieinae, 1493 showing Mondino dei Liuzzi, the 


lofty figure adorned with the ornate eollar, presiding over 
a disseetion. 


Modyle 1.14 Revìew 


a. VVhieh languages are the source of many 
modern anatomieal terms? 

b. Definethe word eponym. 

e. In what country was anatomy established 
as a diseipline studied by medieal 
professionals? 


(S) 1.14 Deseribe the history of anatomieal terminology. 
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Module1.15 


Superficíal anatomy and regìonal anatomy 
ìndìeate loeations on or ìn tííe body 



This illustration shows the body in the 
anatomieal position. In this position, the 
hands are at the sides with the palms faeing 
forward, and the feet are together. Unless other- 
wise noted, all deseriptions in this text refer to the 
body in the anatomieal position. A person lying 
down in the anatomieal position is said to be 
snpine (soo-PlN) when faee up, and prone when 
faee down. 



Why is it important to learn these 
terms? We need eommon anatomieal 


terms to eommnnieate effeetively in a 
medieal setting. For example, stating that a 
patient has a “bump on the baek” does not 
give very preeise information about its 
loeation. So, anatomists ereated maps of 
the body, naming snperfieial anatomieal 
structures and identifying regional 
landmarks to help loeate the exact point of 
that “bump on the baek.” 



Frontal or 

forehead 


Nasal or nose 


eephalìe or head - 


Oral or nnouth 
Mental or ehín 


Axìllary or armpit 


Braehìal or arm 


Antecubìtal 

or front of elbow 


Antebraehìal 

or forearm 


Garpal or wrist 


Palmar 

or palm 

Pollex or 

thumb 


Dígìts (phalanges) 

or fingers (digital 
or phalangeal) 


Patellar or kneeeap 


Crural or leg 


Tarsal or ankle 


Dìgíts (phalanges) 

or toes (digital or 
phalangeal) 

Hallux or great toe 


Ocular, orbítal 

or eye 


Otie or ear 


Buccal or eheek 


Gervìeal or neek 


Thoraeìe 

or thorax, 
ehest 

Mammary 

or breast 


Abdomìnal 

(abdomen) 

llmbílìeal 

or navel 



Pelvie 

(pelvis) 


Trunk 


Manual 

or hand 


lnguinal or groin 


Pubic (pubis) 


Femoral or thigh 


Pedal or foot 


Body regions: 
Anterior view 
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Aeromìal or 

shoulder 


Dorsal or 


Oleeranal 

or baek 
of elbow 


Lumbar 

or loin 


Poplìteal or 

baekof knee 


Sural or ealf 


Galeaneal or 

heel of foot 


eephalíe 

or head 


eervìeal 

or neek 


Llpper 



Plantar or 

sole of foot 


Body regìons: 
Posterìor vìew 


eiinieians refer to 
four abdominopel' 
vie quadrants formed by 
a pair of imaginary 
perpendicular lines that 
interseet at the umbilicus 
(navel). This simple 
method provides useful 
referenees for the 
deseription of aehes, 
pains, and injnries. The 
loeation ean help physi- 
eians determine the 
possible cause. 



Quadrants 


Right 

Left 

Llpper 

Upper 

Quadrant 

Quadrant 

(RUQ) 

(LUQ) 

Right Lower 

Left Lower 

Quadrant 

Quadrant 

(RLQ) 

(LLQ) 


4 


Anatomists prefer 
more preeise terms 


to deseribe the loeation 
and orientation of 
internal organs. Anato- 
mists use nine abdomi- 
nopelvie regions. 


5 


The image at the 


lower right shows 
the relationships among 
quadrants, regions, 
and internal organs. 


Stomaeh 
Liver 
Spleen 
Gallbladder 
Large intestine 
Small intestine 
Appendix 
Llrinary bladder 


Regíons 



Right 

hypoehondriae 

region 

Epigastrie 

region 

Left 

hypoehondriae 

region 

Right lomlpar 

region 

Umbilical 

region 

Left lumbar 
region 

Right inguinal 

region 

Hypogastrie 

(pubic) 

region 

Left inguinal 
region 


Internal 

organs 


.: - 'l 


y 






/■' 


✓ '■ 


Modyle 1.15 Revíew 


a. Deseribe a person in the anatomieal position. 

b. Gontrast the deseriptions used by elinieians 
and anatomists when referring to the positions 
of injuries or internal organs of the abdomen 
and pelvis. 

e. A massage therapist often begins a massage 
by asking elients to lie faee down with their 
arms at their sides. VVhieh anatomieal term 
deseribes that position? 


(S) 1.15 Use eorreet anatomieal terms to deseribe superficial and regional anatomy. 
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Module1.16 

j 


Direetìonal terms and seetional planes 
deseribe speeifie points of referenee 



The figures on this page introduce the prineipal direetional terms and examples of 
their use. There are many different terms, and some ean be used interehangeably. As 
you learn these direetional terms, it is important to remember that all anatomieal diree- 
tions ntilize the anatomieal position as the standard point of referenee. 


Superìor 


Above; at a higher level 
(in the hunnan body, 
tovvard the head) 

The head is superior to 

the knee. 


Proxìmal 


Tovvard an 
attaehed base 

The shoulder is 
proKÌmal to the 
vvrist. 


Lateral 


Avvay 
from the 
midline 


Inferíor 


Belovv; at a lovver 
level; tovvard the 

feet 

The knee is ìnferior 
to the hip. 


Anterìor vìew 



eranìal or Cephalíc 


Tovvard the head 

The eranial, or eephalie, border of 
the pelvis is saperior to the thigh. 


Posteríor or Dorsal 


Posfer/orThe baek 

surface 

Dorso/;The baek 

The scapula (shoulder 
blade) is loeated 
posterior 
to the rib eage. 





Avvay fro m a n 
attaehed base 

The fingers are 
distal to the vvrist. 


OTHER DIREGTIONALTERMS 


Superfícìal 


At, near, or relatively elose 
to the body surface 

The skin is saperfieial to 
underlying structures. 


Deep 


Tovvard the interior of the body; 
farther from the surface 

The bone of the thigh is deep to 
the surrounding skeletal muscles. 



vvard the 
(coccyx) 

he hips a 
ehadal to th 
vvaist. 


Anteríor or Ventral 


Anterior:Jhe front 


surface 


Ventral: Jhe belly side 

The umbilicus (navel) 

is on the 

anterior (or ventral) 
surface of the trunk. 



Lateral vìew 
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A presentation in seetional view is 
sometimes the only way to illnstrate 


the relationships between the parts of a 
three-dimensional objeet. The development 
of medieal imaging techniques has made it 
even more important to understand 
seetional planes and terms. 


Frontal, or 
eoronal, plane 


Plane is oriented 
parallel to long axis 


A frontal, or 
eoronal, seetion 
separates anterior 
and posterior 
portions of the 
body. Goronal 
usually refers to 
seetions passing 
through the skull. 


Direetional term: 
frontally or 
eoronally 



Frontal plane 




Mìdsagìttal plane 







Transverse plane 

(inferior view) 


Sagíttal plane 

Plane is oriented parallel to 
long axis 

A sagittal seetion 
separates right and left 
portions. You examine a 
sagittal seetion, butyou 
seetion sagittally. 

I n a midsagittal seetion, 
the plane passes through 
the midline. It separates 
the body into equal right 
and left sides. 

A parasagitta! seetion 
misses the midline. It 
separates the body into 
unequal right and left 
sides. 

Direetional term: sagittally 


Transverse, or 
horízontal, plane 

Plane is oriented 
perpendicular to long axis 

A transverse, or horizontal, 
seetion separates superior 
and inferior portions of the 
body. A cut in this plane is 
also ealled a eross seetion. 

Direetional term: 
transversely or horizontally 


3 


Seetional planes are used for visualization 
pnrposes. Here, we are serially seetioning 


a bent tube, which looks like a pieee of elbow 
maearoni. Notiee how the seetional views 
ehange as you approaeh the curve. Keep in 
mind these effeets of seetioning when you are 
looking at slides under the mieroseope. These 
seetional views also affeet the appearanee of 
internal organs when seen in a CT or 
MRI sean. For example, the small 
intestine is a simple tube, but it 
ean look like a pair of tubes, a 
dumbbell, an oval, or a solid, 
depending on where the 
seetion was taken. 



Modyle 1.16 Revìew 


a. What is the purpose ofdireetional and 
seetional terms? 

b. In the anatomieal position, deseribe an 
anteriorviewand a posteriorview. 

e. What type ofseetion would separate 
the two eyes? 


1.16 Use eorreet direetional terms and seetional planes to 
deseribe relative positions and relationships among body parts. 
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Body eavìtìes proteet ìnternal organs 
and allovv them to ehange shape 

The interior of the trunk of the body is often subdivided into regions established by the body 
walL For example, everything deep to the ehest wall is eonsidered to be within the thoraeie 
eavity, and all of the structures deep to the abdominal and pelvie walls are said to lie within 
the abdominopelvie eavity. Many vital internal organs within these regions are snspended 
within elosed, flnid-filled ehambers that are true body eavities. True body eavities are lined 
by a serous membrane and share a eommon embryonie origin. They have two essential 
fnnetions: (1) They proteet delieate organs from shoeks and impaets; and (2) they permit 
signifieant ehanges in the size and shape of internal organs. 


The internal organs that are partially or eompletely enelosed by 
body eavities are ealled viseera (VlS-e-rnh) or viseeral organs. 
Viseera do not float within the body eavities—they remain eonneeted 
to the rest of the body. To nnderstand the physieal relationships, we 
will examine the perieardial eavity that surrounds the heart. 



The relationship between the heart and 
the perieardial eavity resembles that of a 
fist pushing into a balloon.The wrist 
eorresponds to the base (attaehed 
portion) of the heart, and the balloon 
eorresponds to the lining of the perieardial 
eavity. 





The perìcardìuim (per/-, around -i- cardium, 
heart) is a delieate membrane, ealled a 
serous membrane, lining the perieardial 
eavity. 


Gardiae muscle 
of the heart wall 


A serous membrane eovers the 
viseera and lines the true body 
eavities of the trunk. 


A watery fluid seereted by the 
serous membranes eoats the walls 
of these internal eavities and 
eovers the surfaces of the enelosed 
viseera. It keeps the surfaces moist 
and reduces frietion. 


During eaeh beat, the heart ehanges size 
and shape.The perieardial eavity permits 
these ehanges, and the slippery 
perieardial lining prevents frietion 
between the heart and adjaeent 
structures. 



The body eavities of the trunk eontain the organs of 
the respiratory, eardiovasenlar, digestive, nrinary, 
and reprodnetive systems. The two major body eavities of 
the trunk are the thoraeie and abdominopelvie eavities. 
They are separated by the diaphragm. The bonndaries of 
these eavities are indieated in red. Note that there are 
three snbdivisions of the thoraeie eavity. 


BODY GAVITIES OF THE TRUNK 



* p V 


THOBACICg4^VITY 




L .. .'1 ^ 


The díaphragm, a 

muscular sheet, separates 
the thoraeie eavity from 
the abdominopelvie 

eavity. 


ABDOMINOPELVie 

GAVITY 
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The thoraeie eavity eontains the Inngs, heart, and other strnetnres. 
Its bonndaries are established by the ehest wall and diaphragm. 



THORAGie GAVITY 



A horizontal seetion through the 
thoraeie eavity shows the relationship 
between its three subdivisions. 


Eaeh lung is enelosed within a pleural eavity, lined by a 
shiny, slippery serous membrane ealled the pleura (PLUR-uh). 



The perieardial eavity is embedded within the 
medíastìnum, a mass of eonneetive tissue that separates 
the two pleural eavities and stabilizes the positions of 
embedded organs and blood vessels. 


Note the 
orientation of 
the seetion. 
Unless otherwise 
noted, all eross 
seetions are 
shown as if the 
viewer were 
standing at the 
feet of a supine 
person and 
looking toward 
the head. 


ABDOMINOPELVie GAVITY 


The abdominopelvie eavity 
eneloses the peritoneal 
(per-i-tó-NÈ-al) eavity, a ehamber 
lined by a serous membrane 
known as the peritoneum 
(per-i-tó-NÉ-um). A few organs, 
such as the kidneys and panereas, 
lie between the peritoneal lining 
and the muscular wall of the 
abdominal eavity.Those organs are 
said to be retroperitoneal 
(re-tró-per-i-tó-NÉ-al; retro, behind). 

The peritoneum eovers the ovaries 
and the uterus in females, as well 
as the superior portion of the 
urinary bladder in both sexes. 

Organs such as the urinary bladder 

and the distal portions of the ureters and large intestine, which extend 
inferiorto the peritoneal eavity, are said to be infraperitoneal. 



Diaphragm 


Peritoneum (red) — 
showing the boundaries 
of the peritoneal eavity 

The abdominal eavity 
eontains many digestive 
glands and organs 


Retroperitoneal area 


The pelvie eavity eontains 
the urinary bladder, 
reproductive organs, and 
the last portion of the 
digestive traet. Many of 
these structures lie 
posterior to, or inferior to, 
the peritoneal eavity. 






4 


The boundaries of the abdominopelvie eavity are established 
by the diaphragm, the muscles of the abdominal wall, the 


trunk mnseles and inferior portions of the vertebral column, and 
the bones and mnseles of the pelvis. It may be snbdivided into the 

abdomínal eavity and the pelvie eavity. 


Modnle 1.17 Revìevv 


a. Deseribe two essential functions oftrue body eavities. 

b. Identify the body eavities ofthe trunk. 

e. If a surgeon makesan ineision just inferiortothe 
diaphragm, what body eavity will be opened? 


(S) 1.17 Identify the major body eavities of the trunk and the subdivisions of eaeh. 
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SECTION 4 Revíevtf 


Labelíng 


Label the direetional terms 
in thefigures at right. 



Goneept map 

Use eaeh of the follovving terms 
onee to fill in the blank boxes to 
eorreetly eomplete the body eavities 
eoneept map. 

digestive glands and organs 
abdominopelvie eavity 
thoraeie eavity 
heart 

mediastinum 
diaphragm 
pelvie eavity 
traehea, esophagus 
reproductive organs 
left lung 

peritoneal eavity 
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GHAPTER 1 REVIEVV • An lntroduction to Anatomy and Physíology 


Study Outlìne 


^ SEGTION 1 * A&P in Perspeetive 



Focused study ìs ìmportant for learnìng anatomy and 
physìology p. 3 


1. The basie approaeh in A&P ean be summed up as"What is 
that structure and how does it work?" 


2. Homeostasís is a relatively eonstant internal environment. 



Bìology ìs the study of lìfe 



3. All living things perform the same basie functions: 
respond to the environment, adapt to stimuli, grow 
and reproduce, movement or loeomotion, dígestíon, 
respíratìon, excretìon, and círculatìon. 

4. The basie functions of life are aetive proeesses that require 
energy. 


The many different kinds 
ofeells in the human 
body eaeh have their 
own eharaeteristies and 
functions. This nerve eell 
(neuron) is from a part of 
the brain involved wjth 
the eontrol ofbalanee and 
movement. The extensive 
branehing provides a 
huge surface area for 
eommanieation with other 
nearons. 




Anatomy ìs the study of structure, and physìology ìs the 
study of f unctìon p. 6 


5. Gross or maeroseopíe anatomy examines relatively large 
structures that are visible with the unaided eye. 

6. Mìeroseopìe anatomy deals with structures that eannot 
be seen without magnifieation. 

7. Physíology is the study of the complex functions of the 
human body. 



Structure and functìon are ìnterrelated 



8. An example of how structure and function are related 
is how the anatomieal shape of the end of the humerus 
allows the elbow to function as a hinge joint. 

9. An example of physiologieal meehanisms is how ehemieal 
messengers depend on their three-dimensional shapes to 
bind with cellular reeeptors. 


SEGTION 2 • Levels of Organìzatíon 



The human body has multìple ìnterdependent levels of 
organìzatìon p. 11 


10. Progressing from smallest to largest, the levels of 

organization are: ehemìeal, cellular, tìssue, organ, organ 
system, and organìsm. 



Gells are the smallest unìts of lìfe 



11. Cells are the smallest independent organisms and they are 
remarkably diverse. 

12. Cell theory states that eells are the structural building 
bloeks of plants and animals, divisions of pre-existing eells 
produce them, and they are the smallest structural units 
that perform all vital functions. 



Tìssues are speeìalìzed groups of eells and eell products 

p.14 


13. Hìstology is the study of tissues, which are groups of eells 
that perform speeifie functions. 


14. There are four prìmary tissue types: epìthelìal, 
eonneetìve, muscle, and neural. 



Organs and organ systems perform vìtal functìons 



15. An organ is a functional unit eomposed of more than 
one tissue type. An organ system eonsists of organs that 
interaet to perform a speeifie range of functions. 

16. The 11 organ systems of the body are: íntegumentary, 
skeletal, muscular, nervous, endoerìne, cardíovascular, 
lymphatìe, respìratory, dìgestìve, urìnary, and reproductìve. 



\n organ system 
eonsists oforgans that 
interaet to perform 
a speeifìe range of 
fanetions, often in a 
eoordinated fashion. 
The eardiovasealar 
system (left), and the 
male reprodaetive 
system are shown here. 
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GHAPTER 1 REVIEVV • An lntroductìon to Anatomy and Physiology (continued) 


1.9 


1.10 


1.11 


Organs of the ìntegumentary, skeletal, and muscular 
systems support and move the body, and organs of the 
nervous system províde rapìd eontrol and regulatìon p. 18 

17. The ìntegumentary system proteets against 
environmental hazards and helps eontrol body 
temperature. 

18. The skeletal system provides support, proteets tissues, 
stores minerals, and forms blood eells. 

19. The muscular system produces movement, provides 
support, and generates heat. 

20. The nervous system direets immediate responses to 
stimuli by eoordinating the aetivities of the other organ 
systems. 


Organs of the endoerìne 
system seerete ehemìeals 
that are earrìed by organs of 
the cardìovascular system, 
organs of the lymphatìe 
system defend the body, and 
organs of the resplratory 
system exchange vltal 
gases p. 20 

21. The endoerìne system 

direets long-term ehanges 
in other organ systems. 

22. The cardíovascular 
system transports eells 
and dissolved materials, 
including nutrients, 
vvastes, and gases. 

23. The lymphatìe system 

defends against infeetion 
and disease and returns 
tissue fluid to the 
bloodstream. 

24. The respíratory system 

delivers air to sites vvhere 
gas exchange occurs 
betvveen the air and 
circulating blood, and 
produces sound. 



lymphatie 


Organs of the dlgestlve system make nutrlents avallable 
and wlth the urlnary system excrete wastes, and organs of 
the male and female reproductlve systems provlde for the 
contlnulty of llfe p. 22 

25. The dìgestìve system proeesses food and absorbs nutrients. 

26. The urìnary system eliminates excess vvater, salts, and 
vvastes. 

27. The female reproductíve system produces sex eells and 
hormones and supports embryonie development from 
fertilization to birth. 


30. Homeostatíe regulatìon is the adjustment of 
physiologieal systems to preserve homeostasis and 
eonsists of three neeessary parts: a reeeptor or sensor, a 
eontrol eenter, and an effeetor. Homeostasis functions 
around a desired value or set poìnt. 



Negatlve feedbaek provldes stablllty, and posltlve 
feedbaek aeeelerates a proeess to eompletlon p. 26 


31. Negatìve feedbaek regulates homeostasis by eorreeting 
any variation avvay from set point. It is the primary 
meehanism of homeostatie regulation. 

32. In posítíve feedbaek, a stimulus produces a response that 
exaggerates ehange, ereating a posìtìve feedbaek loop. 
Positive feedbaek is seldom encountered in our daily lives 
because it produces extreme responses. 


SEGTION 4 • AnatomìealTerms 

V___ 



Anatomleal terms have a long and varled hlstory 



33. Many anatomieal structures are named after the 
diseoverer, vvhereas many diseases are named after the 
most famous vietim of that disease. Such names, ealled 
eponyms, have been replaeed vvith more preeise terms. 

34. Anatomy as a diseipline studied by medieal professionals 
began at the Llniversity of Bologna in Italy, vvhieh is 
eonsidered the first modern university. 



Superfìclal anatomy and reglonal anatomy indleate 
loeatlons on or In the body p. 30 


35. In the anatomìeal posìtìon, the hands are at the sides 
vvith the palms faeing forvvard and the feet together. A 
person lying dovvn in the anatomieal position is said to be 
supìne vvhen faee up and prone vvhen faee dovvn. 

36. To deseribe the loeation of internal organs, elinieians refer 
to four abdomínopelvíe quadrants. Anatomists use nine 
more preeise abdomínopelvìe regíons. 



Dlreetlonal terms and seetlonal 
planes deserlbe speelfìe polnts of 
referenee p. 32 

37. Direetional terms utilize the 
anatomieal position as a point of 
referenee.The prineipal direetional 
terms are superior, inferior, 
proximal, distal, medial, lateral, 
eranial (or eephalie), caudal, 
anterior (or ventral), posterior (or 
dorsal), superficial, and deep. 



38.The seetional planes used to 

illustrate the relationship betvveen body structures are 

frontal (eoronal), sagìttal, and transverse (horìzontal). 


28. The male reproductìve system produces sex eells and 
hormones. 


^ SEGTION 3 • Homeostasis 



Homeostatle regulatlon relles on a reeeptor, a eontrol 
eenter, and an effeetor p. 25 


29. Homeostasís is the presenee of a stable internal 
environment. 



Body eavltles proteet Internal organs and allow them to 
ehange shape p. 34 


39. Body structures deep to the ehest vvall are vvithin the 
thoraeìe eavity; body structures deep to the abdominal 
and pelvie vvalls lie vvithin the abdomínopelvìe eavity. 

40. True body eavities are lined by a serous membrane 
and share a eommon embryonie origin.They function 
to proteet organs from shoeks and impaets, and permit 
signifieant ehanges in the size and shape of internal organs. 
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41. Vìseera are internal organs that are partially or eompletely 
enelosed by body eavities. The heart, for example, is 
enelosed by the perìeardìal eavity, which is lined with a 

serous membrane ealled the perìcardìum. 

42. The thoraeie eavity eontains the lungs, heart, and other 
structures. Its boundaries are the ehest wall and a muscular 
sheet ealled the díaphragm. 

43. The thoraeie eavity eonsists of two pleural eavítíes, eaeh 
surrounding a lung and eaeh lined with a thin membrane 
known as the pleura. A tissue mass known as the medìastìnum 
separates the pleural eavities. VVithin the mediastinum is the 
perieardial eavity that surrounds the heart. 


44. The boundaries of the abdominopelvie eavity are the 
diaphragm, the abdominal wall muscles, the trunk muscles 
and inferior portions of the vertebral column, and the 
bones and muscles of the pelvis. It ean be subdivided into 

the abdomìnal eavìty and pelvìe eavíty. 

45. The abdominal eavity and pelvie eavity eontain the 

perítoneal eavity, a ehamber lined by the perítoneum, a 

serous membrane. 

46. Some organs lie between the peritoneal lining and the 
muscular wall of the abdominal eavity, and are said to 
be retroperítoneal. Other organs extend inferior to the 
peritoneal eavity and are said to be ínfraperítoneal. 


ehapter Revíew Questíons 


Labelìng 

Identify the body eavities as well 
as the organs they enelose. 





Matehíng 


Mateh eaeh lettered term with the most elosely related deseription. 


a. eytology 

b. physiology 
e. histology 

d. anatomy 

e. homeostasis 

f. muscle 

g. heart 


h. endoerine 

i. temperature regulation 

j. labor and delivery 

k. supine 

l. prone 

m. abdominopelvie eavity 

n. pericardium 



9 

10 
11 
12 
13 


Study of tissues 

Gonstant internal 
environment 

Faee up position 

Study of functions 

Positive feedbaek 

Organ system 

Study of eells 



17 

18 
19 


Negative feedbaek 

Serous membrane 

Study of internal and 
external body structures 

Diaphragm tissue 

Peritoneal eavity 

Organ 

Faee down position 
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GHAPTER 1 REVIEVV • An lntroductìon to Anatomy and Physiology (continued) 


IVIultìple ehoíee 

Seleet the eorreet ansvver from the list provided. 



What is the eorreet order, from simplest to most complex, of the 
six levels of organization that make up the human body? 

Q a) eell, ehemieal, tissue, organ, organ system, organism 
Q b) ehemieal, eell, tissue, organ, organ system, organism 
Q e) ehemieal, eell, tissue, organ system, organ, organism 
Q d) ehemieal, eell, organ, tissue, organ system, organism 
Q e) eell, tissue, ehemieal, organ, organism, organ system 



The inereasingly forceful labor eontraetions during ehildbirth are 
an example of 

Q a) reeeptor aetivation. 

Q b) effeetor shutdovvn. 

Q e) negativefeedbaek. 

Q d) positive feedbaek. 



A plane through the body that passes perpendicular to the long 
axis of the body and divides the body into a superior and an 
inferior seetion is a 


Q a) sagittal seetion. 

Q b) transverse seetion. 
Q e) eoronal seetion. 

Q d) frontal seetion. 



The mediastinum is the region betvveen the 

Q a) lungs and heart. 

Q b) tvvo pleural eavities. 

Q e) ehest and abdomen. 

Q d) heart and pericardium. 



The unit used to measure eell dimensions is the 

Q a) eentimeter (em). 

Q b) millimeter (mm). 

Q e) mierometer (pm). 

Q d) kilometer (km). 



The tvvo major body eavities of the trunk are the 

Q a) pleural eavity and perieardial eavity. 

Q b) perieardial eavity and peritoneal eavity. 

Q e) pleural eavity and peritoneal eavity. 

Q d) thoraeie eavity and abdominopelvie eavity. 



Which of the follovving is nota eharaeteristie of life? 

Q a) responsiveness 
Q b) movement 

Q e) manipulation of external environment 
Q d) reproduction 



Which seetional plane vvould divide the body so that the faee 
remains intaet? 

Q a) sagittal plane 
Q b) frontal (eoronal) plane 
Q e) midsagittal plane 
Q d) parasagittal plane 


Short answer 



Define anatomy. Define physiology. 



Deseribe the three basie prineiples of the eell theory. 



In vvhieh body eavity vvould eaeh of the follovving organs be 
enelosed? Heart, small intestine, large intestine, lung, kidneys. 



Identify eaeh of the four primary tissue types and give an example 
of vvhere in the body that tissue vvould be found. 



The hormone ealeitonin is released from the thyroid gland in 
response to inereased levels of calcium ions in the blood. If this 
hormone is eontrolled by negative feedbaek, vvhat effeet vvould 
ealeitonin have on blood calcium levels? 



A stroke occurs vvhen there is a disruption in blood flovv to the 
brain, causing brain eellstodie. Predietthe kind ofsymptoms 
a stroke patient vvould have. Apply your knovvledge of organ 
system function. 


MasteringA&P® 

Aeeess more ehapter study tools online in the MasteringA&P Study Area: 

■ ehapter Quízzes, Ghapter PraetieeTest, Art-labeling Aetivities, 
Anímatíons, MP3 Tutor Sessions, and Glínieal Case Studies 




■ Praetiee Anatomy Lab 

PAi: 

■ interaetive Physiology 

iP' 

■ A&P Flix 

AáPFUx 

■ PhysioEx 

PhysioEx 
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ehapter Integratìon • Applyíng what you have learned 



The amazíng experíence of studyíng 
the human body fìrsthand 

The sehool year and your A&P studies are just beginning. The 
reading workload is massive, the terms seem like a foreign 
langnage, and the instrnetor seems to think that your entire life 
should revolve around her elass. But you really do love anatomy 
and are lucky enough to be able to experience the study of the 
human body firsthand. At your last elass you were introduced to 
the human anatomy lab, which you now approaeh with a little 
trepidation, as you have never had to study a deeeased human 
body. Body donation for seientifie pnrposes is a noble gestnre 
on the part of the deeeased, and you fully understand your 
instructor s expectations for showing eomplete respeet to the 
eadaver. 

Your instructor probably has you put on your gloves, apron, 
and eye proteetion before presenting the eadaver to you. Your 
fears prove groundless as this amazing experience begins. Your 
instructor explains that this eadaver was the vietim of a gnnshot 
wound to the lower right abdomen, with no exit wound. No 
antopsy was performed, so the anatomieal/physiologieal cause 
of death has yet to be determined. The information on the body 
donor eard provides the following information: male, 45 years 
old, no known medieal history, and oeenpation nnspeeified. As 
a beginning anatomy stndent, use your knowledge to answer the 
following questions. 





Upon superfìcìal examination, you diseover that the bullet 
entered about 2 em inferior to the umbilicus (navel). Using 
anatomieal terminology, deseribe the loeation. 

Before opening the abdominal eavity, prediet what 
organs may have been affeeted. 

Propose a plausible cause of death. 



Aaron has been extremely tired, thirsty, 
and nrinating more than normal 

Aaron is an aetive and apparently healthy IT-year-old boy. 
Lately, however he has been extremely tired, thirsty, and 
has been nrinating more than what would seem normal. His 
parents take him to the doetor and Aaron is diagnosed as 
having type 1 (insnlin dependent) diabetes. The physieian 
explains to Eddie and Patty, his eoneerned parents, that Aaron's 
blood glneose (sugar) is much higher than it should be. She 
goes on to explain that after meals when his blood glneose rises, 
that it should then be absorbed into his body's tissnes. Insnlin, 
she eontinnes, is the hormone responsible for this absorption 
and it is normally prodneed by the panereas. Aaron is no longer 
prodneing insnlin and despite high levels of blood glneose, it 
is not going into his tissnes. Subsequently his body is being 
starved of glneose, explaining his laek of energy. Fnrthermore, 
this excess blood glneose is being eliminated in his urine which 
is why he is frequently nrinating. Gonsidering what you have 
read in this ehapter, ean you answer any of these questions? 





Which one of Aaron's organ systems is failing? List other 
systems that could be affeeted. 

Applying what you learned about homeostasis (Module 1.12) 
and negative feedbaek (Module 1.13), prediet the proeess 
that normally eontrols blood sugar, and then conclude which 
physiologieal meehanism isfailing. 

Which díetary and medieal interventions would you judge 
most effeetive in treating his type 1 diabetes? 
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SEGTION 1 • Atoms and Molecules 


These Learning 
Onteomes 
eorrespond 
by nnmberto 
this ehapter's 
modnles and 
indieate what 
you shouid be 
able to do after 
eompleting 
the ehapter. 

V J 


(S) 

Learning Onteomes 
arerepeated atthe 
bottomofeaeh 
module. 


V 


2.1 


2.3 

2.5 


Define an atom, and deseribe the properties of its subatomic partieles. 

Deseribe an atom and how atomie structure affeets the mass number and atomie 
weight of the various ehemieal elements. 

Explain the relationship between eleetrons and energy levels. 

Gompare the ways in which atoms eombine to form molecules and compounds. 

Deseribe the three states of matter and the importanee of hydrogen bonds in liquid 
water. 


^SECTION2 


ehemìeal Reaetìons 



2.7 



Define metabolism and distinguish between work, kinetie energy, and potential 
energy. 

Use ehemieal notation to symbolize ehemieal reaetions. 

Distinguish among the major types of ehemieal reaetions that are important for 
studying physiology. 

Deseribe the crucial role of enzymes in metabolism. 


SEGTION 3 • Water ìn the Body 


2.10 



2.12 


Deseribe four important properties of water and their signifieanee in the body. 

Explain how the ehemieal properties of water affeet the solubility of inorganie and 
organie molecules. 

Discuss the importanee of pH and the role of buffers in body fluids. 




SEGTION 4 • Organie Compounds 


2.13 



2.16 


2.17 


2.18 


2.19 


2.20 


Deseribe the eommon elements of organie compounds and how 
functional groups modify the properties of organie compounds. 

Discuss the structures and functions of earbohydrates. 

Discuss the structures and functions of lipids. 

Discuss the structures and diverse functions of 
eieosanoids, steroids, phospholipids, and 

glyeolipids. 

Discuss protein structure and the essential functions 
of proteins within the body. 

Explain how enzymes function within the body. 

Discuss the structure and function of high-energy 
compounds. 

Gompare and eontrast the structures and 
functions of DNA and RNA. 







































Module2.1 


SEGTION 1 • Atomsand Molecules 



Atoms and molecules are 
the basìe partìeles of matter 

Our study of the human body begins at the ehemieal level of organization. 
ehemistry is the seienee that studies the structure of matter, which is defined 
as anything that takes up spaee and has mass. Mass is the quantity of matter in 
an objeet. (You ean physieally touch matter.) The more matter an objeet 
eontains, the greater its mass. Within the Earth's gravitational field, the mass 
of an objeet determines its weight. However, the two are not always equivalent: 
In orbit you would be weightless, but your mass would remain nnehanged. 


Atoms are the smallest stable units of matter. They are 
eomposed of subatomic partieles, only three of which are 
important for nnderstanding the basie ehemieal properties of matter. 



0 



2 


Atoms ean be snbdivided 
into the nucleus and the 


eleetron cloud. 


The nucleus of an atonn lies at its eenter.The nucleus 
eontains one or more protons and it may eontain 
neutrons as well. Protons and neutrons are similar in size 
and mass.The mass of the atom is mainly determined by 
the numbers of protons and neutrons in the nucleus. 


The eleetrons in the atom whirl around the nucleus. 



ereating an eleetron cloud. 


3 


A molecule forms when 


atoms interaet and prodnee 
larger, more complex structures. 



Everything around us is 
eomposed of atoms in varying 
eombinations. The unique 
eharaeteristies of eaeh objeet, 
living or nonliving, result 
from the types of atoms 
involved and the ways those 
atoms eombine and interaet. 


l\/lodule2.1 Revìew 


a. Defineatom. 

b. VVhieh subatomic partieles have a 
positive eharge? VVhieh are uncharged? 

e. Deseribe the subatomic partiele not in 
the nucleus. 


(S) 2.1 Define an atom, and deseribe the properties of its subatomic partieles. 
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Module2.2 

j 


Typìeal atoms eontain protons, neotrons, and eleetrons 

Atoms normally eontain equal numbers of protons and eleetrons. The number of protons in an 
atom is known as the atomie number; the total number of both protons and nentrons is its mass 
number. An element is a pure substance eonsisting only of atoms with the same atomie number. 



Hydrogen (H) is the 
simplest atom, with an 
atomie number of 1. Thus, an 
atom of hydrogen eontains 
one proton and one eleetron. 
A hydrogen atoms proton is 
loeated in the eenter of the 
atom and forms the nucleus. 


The eleetrons whirl around the nucleus in an area known as the 
eleetron cloud. One reason an eleetron tends to remain in the 
eleetron cloud is that the negatively eharged eleetron is attraeted 
to the positively eharged proton.The attraetion between 
opposite eleetrieal eharges is an example of an eleetrieal foree. 



Eleetrons are often shown in a fixed orbit around the nucleus, 
when in faet their movements are much more complex. In this 
two-dimensional model, the eleetron occupies a circular 
eleetron shell.The outermost eleetron shell represents the 
surface of the eleetron cloud. 


2 


The atoms of a single element ean differ in the number of nentrons in the nucleus. Atoms whose nuclei 
eontain the same number of protons, but different nnmbers of nentrons, are ealled isotopes. Different 


isotopes of an element have essentially identieal ehemieal properties, and so are indistingnishable except on 
the basis of mass. The mass number is therefore used to designate isotopes. Mass nnmbers are useful 
beeanse they tell us the number of snbatomie partieles in the nuclei of different atoms. However, they do not 
tell us the actual mass of the atoms. For example, they do not take into aeeonnt the masses of the eleetrons or 
the slight differenee between the mass of a proton and that of a nentron. The actual mass of an atom of a 
speeifie isotope is known as its atomie mass. The unit used to express atomie mass is the atomie mass unit 
(amu), or dalton. By international agreement, 1 amu is equal to one-twelfth the mass of a earbon-12 atom. 




mass number: 2 



Hydrogen-3, 

trìtìum 

mass number: 3 


3 


The atomie weight of an element is an average of the different 
atomie masses and proportions of its different isotopes. As a 


result, the atomie weight of an element is very elose to the mass 
number of the most eommon isotope of that element. For example, the 
mass number of the most eommon isotope of hydrogen is 1, but the 
atomie weight of hydrogen is 1.0079, primarily beeanse some hydrogen 
atoms (0.015 pereent) have a mass number of 2, and even fewer have a 
mass number of 3. (In most eases, the periodie table of the elements in 
the Appendix shows the atomie weight of eaeh element ronnded to its 
nearest one-hundredth deeimal plaee. For example, the atomie weight 
of hydrogen is shown as 1.01, rather than 1.0079). 



Atomie weight of 
hydrogen = 1.0079 
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Príneípal Elements of the Human Body 

Element (% of total body weìght) 

Sìgnìfìeanee 

Oxygen, 0 (65) 

A eomponent of water and other 
compounds; gaseous form is essential for 
respiration 

Garbon, C (18.6) 

Found in all organie molecules 

Hydrogen, H (9.7) 

A eomponent of water and most other 
compounds in the body 

Nìtrogen, N (3.2) 

Found in proteins, nucleic aeids, and other 
organie compounds 

Calcìum, Ca (1.8) 

Found in bones and teeth; important for 
eell membrane function, nerve impulses, 
muscle eontraetion, and blood elotting 

Phosphorus, P (1.0) 

Found in bones and teeth, nucleic aeids, 
and high-energy compounds 

Potassìum, K (0.4) 

Important for proper eell membrane 
function, nerve impulses, and muscle 
eontraetion 

Sodìum, Na (0.2) 

Important for blood volume, eell membrane 
function, nerve impulses, and muscle 
eontraetion 

ehloríne, Cl (0.2) 

Important for blood volume, eell membrane 
function, and water absorption 

Magnesmm, Mg (0.06) 

A eofaetor* for many enzymes 

Sulfur, S (0.04) 

Found in many proteins 

Iron, Fe (0.007) 

Essential for oxygen transport and energy 
capture 

lodlne, 1 (0.0002) 

A eomponent of hormones of the thyroid 
gland 

Traee elements: silieon (Si), fluorine (F), 
eopper (Cu), manganese (Mn), zine (Zn), 
selenium (Se), eobalt (Co), molybdenum 
(Mo), cadmium (Cd), chromium (Cr), 
tin (Sn), aluminum (Al), boron (B), and 
vanadium (V) 

Some function as eofaetors*; the functions 
of many traee elements are poorly 
understood 


* A eofaetor is a mineral or non-protein compound. It aets with proteins ealled enzymes to speed up 
ehemieal reaetions in living things. 


4 


Our bodies eonsist of many 
elements, and the 13 most abundant 


elements are listed in this table. The 
human body also eontains atoms of 
another 14 elements—ealled traee 
elements —that are present in very small 
amonnts. Only 92 elements exist in nature, 
although about two dozen additional 
elements have been ereated throngh 
nnelear reaetions in researeh laboratories. 
Every element has a ehemieal symbol, an 
abbreviation reeognized by seientists 
everywhere. Most of the symbols are easily 
eonneeted with the English names of the 
elements (O for oxygen, N for nitrogen, C 
for earbon, and so on), but a few are 
abbreviations of their names in other 
langnages. Eor example, the symbol for 
sodium, Na, eomes from the Latin word 
natrium. 


Modale 2.2 Revìew 


a. Defineatomie numberand mass 
number. 

b. How is it possible fortwo samples of 
hydrogen to eontain the same number 
of atoms yet have different weights? 

e. Deseribetraeeelements. 


2.2 Deseribe an atom and how atomie structure affeets the mass 
number and atomie weight of the various ehemieal elements. 
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Module2.3 



Eleetrons occupy varìous energy levels 

Atoms are eleetrieally neutral; every positively eharged proton is balaneed by a negatively eharged eleetron. 
Thus, with eaeh inerease in atomie number there is a eomparable inerease in the number of eleetrons 
traveling around the nucleus. Within the eleetron cloud, eleetrons occupy an orderly series of energy 
levels. Althongh the eleetrons in an energy level may travel in complex patterns around the nucleus, for 
our purposes the patterns are diagrammed as a series of eoneentrie eleetron shells. The first eleetron shell 
(the one elosest to the nucleus) eorresponds to the lowest energy level. The number of eleetrons in the 
ontermost eleetron shell or energy level determines the ehemieal properties of the element. 


Reaetìve elements 


1 

The outermost energy level forms the “snrfaee” of 
the atom. It is also ealled the valenee shell. Atoms 



2 


with unfilled energy levels, such as hydrogen and lithium, 
will reaet with other atoms, usually in ways that give them 
full outer energy levels. An atom with a filled ontermost 
energy level is stable and does not readily reaet with other 
atoms. 


Noble gases 

Elements that do not readily partieipate in ehemieal 
proeesses are said to be inert. Inert elements, such 
as helium and neon, have filled ontermost energy levels, 
and their atoms neither reaet with one another nor 
eombine with atoms of other elements. Helium and neon 
are two of six such elements, ealled noble gases. 


Mass number: 1 
1 eleetron 



The first energy level 
ean hold a maximum 
of two eleetrons. 



Helìum, He 

Atomie number: 2 
Mass number:4 
(2 protons + 2 neutrons) 

2 eleetrons 


Helium has two 
eleetrons in the 
first energy level. 


Lithium has one 
eleetron in the 
seeond energy 
level; it is 
extremely 
reaetive. 



The seeond and 
third energy levels 
ean eaeh eontain up 
to eight eleetrons. 



Neon has eight 
eleetrons in the 
seeond energy 
level. It does not 
reaet with other 
atoms. 


Lìthìum, Lì 

Atomie number: 3 
Mass number: 6 
(3 protons + 3 neutrons) 

3 eleetrons 


Neon, Ne 

Atomie number: 10 
Mass number: 20 
(10 protons + 10 neutrons) 

10 eleetrons 
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Elements with unfilled outermost energy levels, such as hydrogen, lithium, or 


sodium, are ealled reaetive, because they readily interaet or eombine with 
other atoms. Reaetive atoms beeome stable by gaining, losing, or sharing eleetrons 
to fill their outermost energy level. When atoms gain or lose eleetrons, they are no 
longer eleetrieally neutral and they beeome ions. Atoms which lose eleetrons from 
the outer energy level have more protons than eleetrons. The atom has a net 
positive eharge and is ealled a positive ion or eation. A single missing eleetron gives 
the ion a eharge of + 1. Some ions earry eharges of +2, +3, or +4, depending on how 
many eleetrons are lost to beeome stable. 



Sodìum atom, Na (reaetive) 


Sodìum ion, Na"'' (stable) 





4 


At other times atoms beeome stable by filling their outer energy level with 
eleetrons obtained from other atoms. This also ereates an atom that is no 


longer eleetrieally neutral—it has more eleetrons than protons. The atom now has 
a net negative eharge and is ealled a negative ion or anion. A single extra eleetron 
gives the ion a eharge of -1. Some ions earry eharges of -2, -3, or -4, depending 
on how many eleetrons are needed to beeome stable. 





The interaetions that stabilize the outer energy 
levels of atoms often result in ehemieal bonds. 
These bonds hold the partieipating atoms together 
when the reaetion has ended. 


Modnle 2.3 Revíew 


a. indieatethe maximum number of eleetrons 
that ean occupy eaeh of the first three energy 
levels (eleetron shells) of an atom. 

b. Explain why the atoms of inert elements do 
not reaet with one another or eombine with 
atoms of other elements. 

e. Explain how eations and anions form. 


(S) 2.3 Explain the relationship between eleetrons and energy levels. 
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Module2.4 


r 


The most eommon ehemìeal bonds 

are ìonie bonds and eovalent bonds 

ehemieal bonding forms new ehemieal entities ealled eomponnds and 
moleenles. A compound is a ehemieal snbstanee made up of atoms of 
two or more different elements in a fixed proportion, regardless of the 
type of bond joining them. 



lonie bonds are ehemieal bonds ereated by the eleetrieal attraetion between 
eations (positive ions) and anions (negative ions). lonie bond formation involves 
the transfer of one or more eleetrons from an atom that ean lose them to aehieve 
stability to another atom that ean gain them to aehieve stability. Here we eonsider 
formation of the ionie compound, sodium ehloride (table salt). 


Step 1 

Sodium and ehloride ion formation.The sodium atom loses an 
eleetron to the ehlorine atom.This produces two stable ions with 
filled outer energy levels. 


Step 2 

lonie bond formation. Because these ions form elose together and 
have opposite eharges, they are attraeted to one another.This 
ereates NaCI, an ionie compound. 


Sodium atom 




Sodium ion (Na”^) 



À 




Sodium ehloride (NaCI) 


2 


A erystal of sodium ehloride eontains 
a large number of sodium and 


ehloride ions paeked elosely together. 
The paeked orientation of the sodium 
and ehloride ions forms cube- 
shaped erystals. 


ehloride ions (Cl ) 


Sodium ions (Na”^) 




Sodiym ehloride erystals x0.5 
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Some atoms ean eomplete their outer eleetron shells not by gaining or losing 
eleetrons, but by sharing eleetrons with other atoms. Such sharing ereates 


eovalent (kó-VÀ-lent) bonds between the atoms involved. A moleenle is a ehemieal 
structure eonsisting of atoms of one or more elements held together by eovalent bonds. 



Hydrogen (H^) 



Hydrogen atoms are not found as single atoms. They exist as molecules, eaeh eontaining 
a pair of hydrogen atoms. When the two hydrogen atoms share their eleetrons, eaeh 
eleetron whirls around both nuclei.The sharing of one pair of eleetrons ereates a sìngle 
eovalent bond. 


Oxygen (O^) 



An oxygen atom has 6 eleetrons in its outer energy level. By sharing two pairs of eleetrons, 
it forms a double eovalent bond with another oxygen atom, and an oxygen molecule is 
ereated with a stable outer energy level. 


Garbon 

dìoxíde 




A earbon atom has 4 eleetrons in its outer energy level, so it needs to gain 4 from other 
atoms to aehieve stability. In a molecule of earbon dioxide, a earbon atom shares a pair of 
eleetrons with eaeh of two oxygen atoms and forms two double eovalent bonds. 


These are spaee-filling models 
of oxygen and earbon dioxide 
moleenles. The spherieal diameters 
of the atoms are shown in propor- 
tion to eaeh other in these models. 
In a typieal eovalent bond, the 
partieipating atoms share the 
eleetrons equally, and there is no 
eleetrieal eharge on the moleenle. 
Due to this laek of eleetrieal 
eharge, such molecules are 
ealled nonpolar moleenles. 




Oxygen (O^) 



Garbon dioxide (GO^) 


6 


In a water moleenle, the eleetron clouds of the hydrogen atoms 


are distorted beeanse the 8 protons in the oxygen atom have a 
much stronger attraetion for the eleetrons than do the single protons 
of the hydrogen atoms. As a result, eaeh hydrogen atom earries a 
slightly positive eharge (8+), and the oxygen atom earries a slightly 
negative eharge (28“). (The Greek delta symbol is used to denote 
partial eharges.) This ereates an asymmetrieal polar moleenle. 
Govalent bonds that prodnee polar moleenles are ealled polar 
eovalent bonds. 


8 


+ 


Hydrogen 

atom 


Positive pole 


Oxygen 

atom 


Negative pole 



8 


+ 


5 


Some moleenles, 
however, are 


formed by eovalent 
bonds that involve 
an unequal sharing 
of eleetrons. This 
eleetron shell or 
energy level model 
shows the formation 
of a water moleenle. 


Hydrogen 


atom 



Hydrogen 


atom 


Oxygen atom 



Water molecule 


l\/lodule 2.4 Revíew 


a. Name and distinguish between the two 
most eommon types of ehemieal bonds. 

b. Deseribe the kind of bonds that hold the 
atoms in a water molecule together. 

e. Explain why we ean use the term molecule 
forthe smallest partiele of water but not 
forthat oftablesalt. 


(S> 2.4 Gompare the ways in which atoms eombine to form molecules and compounds. 
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Module2.5 


r 


Matter may exist as a solìd, a liquìd, or a gas 

Most matter in our environment exists in one of three states: solid, liquid, or gas. 
Whether a particular substance is a solid, a liquid, or a gas depends on the degree of 
motion or vibration due to its thermal energy and the type of interaetion among its 
atoms or moleenles. The partieles of a solid move slowest and are held tightly together, 
while those of a liquid less so, and the partieles of a gas are independent of eaeh other. 



Solids maintain their volume 
and their shape at ordinary 
temperatnres and pressnres. A 
lump of granite, a briek, and a 
textbook are solid objeets. 



2 


Liquids have a eonstant 
volume but no fixed shape. 


The shape of a liquid is deter- 
mined by the shape of its 
eontainer. Water, brewed 
eoffee, and soda are liquids. 



3 


A gas has neither a 
eonstant volume nor a 


fixed shape. Gases ean be 
eompressed or expanded; unlike 
liquids they will fill a eontainer 
of any size. The air of our 
atmosphere is the gas with 
which we are most familiar. 



4 


Water is the only 
snbstanee that occurs as 


a solid (iee), a liquid (water), 
and a gas (water vapor) at 
temperatnres eompatible with 
life. Water exists as a liquid 
over a broad range of 
temperatnres primarily 
beeanse of hydrogen bonding 
among the water moleenles. 



50 • ehapter2: ehemieal Level ofOrganization 
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The small positive eharges on the 
hydrogen atoms of one polar 


moleenle ean be attraeted to the 
negative eharges on another polar 
moleenle, and this ean ehange the 
shapes of the moleenles or pull 
adjaeent molecules together. This 
weak attraetive foree is ealled a 
hydrogen bond. In the liquid 
state, hydrogen bonds between 
adjaeent water moleenles are 
eontinnally forming and breaking. 

When water freezes into iee, the 
hydrogen bonds loek the moleenles in a 
lattiee that oeenpies more spaee than did 
the liquid water. This accounts for the 
expansion of water during freezing, and 
beeanse iee is less dense than liquid 
water, it floats. Water beeomes a vapor 
or gas when all of the hydrogen 
bonds between adjaeent water 
moleenles are broken. 



KEY 


o 


Hydrogen 



Oxygen 


Hydrogen bond 

Hydrogen bond 
(breaking or reforming) 


1 


VVater 




lee 


6 


At the water snrfaee, the hydrogen bonds between 
water moleenles slow the rate of evaporation and 


form what is known as surface tension. Snrfaee 
tension aets as a barrier that keeps small objeets from 
entering the water. For example, it allows inseets to walk 
aeross the snrfaee of a pond or puddle. Similarly, the 
surface tension in a layer of tears on the eye prevents 
dust partieles from touching the snrfaee of the eye. 



7 


The polar eharges on water moleenles 
give water the ability to disrnpt the 


ionie bonds of a variety of inorganie 
eomponnds and cause them to dissolve. 
Almost all naturally occurring elements are 
found in seawater, and at least 29 elements 
are dissolved in our body fluids. 



Modyle 2.5 Revíew 


a. Deseribe the different states of matter in 
terms of shape and volume. 

b. By what meansare water molecules 
attraeted to eaeh other? 

e. Explain why small inseets ean walk on the 
surface of a pond, and tears proteet the 
surface of the eye from dust partieles. 


(S) 2.5 Deseribe the three states of matter and the importanee of hydrogen bonds in liquid water. 
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SECTION 1 Revíew 

L 


Matehíng 

Mateh eaeh lettered term with the most elosely related deseription. 


a. atomie number 

b. eleetrons 
e. protons 

d. neutrons 

e. isotopes 

f. ions 

g. ionie bond 

h. eovalent bond 

i. massnumber 

j. element 

k. compound 

l. hydrogen bond 



4 

5 

6 

7 

8 

9 

10 
11 
12 


Atoms that have gained or lost eleetrons 

Subatomic partieles in the nucleus, have no eleetrieal eharge 

Atoms of two or more different elements bonded together in a 
fixed proportion 

The number of protons in an atom 

Attraetive foree between water molecules 

Type of ehemieal bond within a water molecule 

The number of subatomic partieles in the nucleus 

Substance eomposed only of atoms with same atomie number 

Subatomic partieles in the nucleus, have an eleetrieal eharge 

Atoms of the same element with different masses 

Type of ehemieal bond in table salt 

Subatomic partieles outside the nucleus, have an eleetrieal eharge 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 



Fill in the missing information in the following table. 


Element 


Number of protons 


Number of eleetrons 


Number of neutrons 


Mass number 


Helium 


13 


2 


2 


14 


Hydrogen 


/ 


15 


16 


/ 


Garbon 


6 


17 


6 


18 


Nitrogen 


19 


7 


20 


/V 


Calcium 


21 


22 


10 




indieate which of the following molecules are also compounds. 


OO H2 (hydrogen) 



H2O (water) 



O2 (oxygen) 



eo (earbon monoxide) 


23 



24 



25 



26 



Seetìon íntegratíon 

Deseribe how the following pairs of terms 
eoneerning atomie interaetions are similar 
and how they are different. 



Inert element/reaetive element 



Polar molecules/nonpolar molecules 



Govalent bond/ionie bond 
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SEGTION 2 • ehemieal Reaetions 

V_ _ 

ehemieal reaetions and energy transfer are 
essential to cellular functions 

Cells remain alive and fnnetional by eontrolling ehemieal reaetions. In a ehemieal reaetion, 
new ehemieal bonds form between atoms, or existing bonds between atoms are broken. 

These ehanges take plaee as atoms in the reaeting snbstanees, ealled reaetants, are rearranged 
to form different snbstanees, or prodnets. All of the reaetions under way in the eells and 
tissues of the body at any given moment make up its metabolism (me-TAB-ó-lizm). 


Module2.6 


r 



In effeet, eaeh eell is a 
ehemieal faetory. Growth, 
maintenanee and repair, seeretion, 
and eontraetion all involve 
complex ehemieal reaetions. Gells 
also use ehemieal reaetions to 
provide the energy they need to 
maintain homeostasis and to 
perform essential fnnetions. 


Substances 

absorbed 




Essentìal aetívítíes 

• Maintenanee and 
repair 

• Grovvth 

• Division 

• Speeial functions 


Typieal 

eell 



Energy transfer 
and use 


ehemíeal 

reaetìons 


2 


Work is the movement of an objeet or a ehange in the physieal 
structure of matter. In your body, work inelndes movements like 


walking or rnnning, and also the synthesis of moleenles and the eonversion 
of liquid water to water vapor (evaporation). 

Energy is the eapaeity to perform work, and movement or physieal 
ehange eannot take plaee without energy. Kinetie energy is the energy of 
motion, energy that ean be transferred to another objeet and do work. 
Potential energy is stored energy, energy that has the potential (eapability) 
to do work. It may derive from an objeet s position (you standing on a 
ladder) or from its physieal or ehemieal structure (a stretehed spring or a 
eharged battery). 

Gells do work as they synthesize complex moleenles and move 
materials into, out of, and within the eell. The eells of a skeletal muscle at 
rest, for example, eontain potential energy in the form of the positions of 
protein filaments and the eovalent bonds between moleenles within the 
eells. When a muscle eontraets, it performs work, and potential energy is 
eonverted into kinetie energy. Such a eonversion is never 100 pereent 
effieient. Eaeh time an energy exchange or transfer occurs, some of the 
energy is released as heat. The amount of heat is proportional to the 
amount of work done. As a result, when you exercise, your body 
temperatnre rises. 










Modyle 2.6 Revìew 


a. Deseribe howa eell isa ehemieal 
faetory. 


Gompare and eontrast the terms wor/c, 
energy, potential energy, and kinetie 
energy. 


e. Llsing the italieized terms in question b, 
relate them to a muscle eontraetion at 
the cellular level. 



r 





(S) 2.6 Define metabolism and distinguish between work, kinetie energy, and potential energy. 







































Module2.7 


r 


ehemìeal notation ìs a eoneìse method 
of deserìbíng ehemìeal reaetìons 

Before we ean eonsider the speeifie eomponnds fonnd in the hnman body, we must 
be able to deseribe ehemieal compounds and reaetions effeetively. Using sentenees 
to deseribe ehemieal structures and events often leads to eonfnsion. A simple form 
of'ehemieal shorthand” makes eommnnieation much more effieient. The ehemieal 
shorthand we use is known as ehemieal notation. 


ehemieal notation allows us to deseribe complex events briefly and preeisely. 
It is relatively easy to use ehemieal notation to ealenlate the weights of the 
reaetants involved in a partienlar reaetion. 



VISUAL REPRESENTATION CHEMICAL NOTATION 


Atoms 

The symbol of an element 
indieates one atom of that 
element. A number preeeding the 
symbol of an element indieates 
more than one atom of that 
element. 


one atom 
of hydrogen 

@ @ 

two atoms 
of hydrogen 


© 

one atom 

ofoxygen 

© © 

two atoms 

ofoxygen 





H 

0 

one atom 

one atom 

of hydrogen 

ofoxygen 

2H 

20 

two atoms 

two atoms 

of hydrogen 

ofoxygen 


Molecules 

A subscript following the symbol 
of an element indieates a 
molecule with that number of 
atoms of that element. 


Reaetions 

In a deseription of a ehemieal reaetion, the 
partieipants at the start of the reaetion are 
ealled reaetants, and the reaetion generates 
one or more products. Ghemieal reaetions 
are represented by ehemieal equations. An 
arrow indieates the direetion of the 
reaetion, from reaetants (usually on the left) 
to products (usually on the right). In the 
following reaetion, two atoms of hydrogen 
eombine with one atom of oxygen to 
produce a single molecule of water. 


®(H) 

hydrogen molecule 

eomposed of two 
hydrogen atoms 


©© 

oxygen molecule 

eomposed of two 
oxygen atoms 



water molecule 

eomposed of two hydrogen 
atoms and one oxygen atom 




/ 


H 


2 



hydrogen 

molecule 


H2O 

water 

molecule 


02 

oxygen 

molecule 


®(E) 


+ 


© 




ehemieal reaetions neither ereate nor destroy 
atoms; they merely rearrange atoms into new 
eombinations.Therefore, the numbers of atoms of 
eaeh element must always be the same on both 
sides of the equation for a ehemieal reaetion. 
When this is the ease, the equation is balaneed. 





2H + 0 


Balaneed equation 


2H + 20 



H2O 


H2O 


Llnbalaneed equation 


lons 

A superscript plus or minus sign following 
the symbol of an element indieates an ion. 
A single plus sign indieates a eation with a 
eharge of+ 1 . (The original atom has lost 
one eleetron.) A single minus sign indieates 
an anion with a eharge of- 1 . (The original 
atom has gained one eleetron.) If more 
than one eleetron has been lost or gained, 
the eharge on the ion is indieated by a 
number preeeding the plus or minus sign. 


© 

sodium ion ehloride ion 

thesodium theehlorine 

atom has lost atom has gained 
one eleetron one eleetron 



Ca2+, 


calcium ion 

the calcium 
atom has lost 
two eleetrons 





Na+ 


sodium 

ion 



ehloride 

ion 


Ca2+ 

calcium 

ion 
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A mole (abbreviated mol) is a quantity with a 
weight in grams equal to an element s atomie 
weight. One mole of a given element always eontains 
the same number of atoms as 1 mole of any other 
element. The atomie weight of oxygen is 16 and the 
atomie weight of hydrogen is 1. So a mole of oxygen 
will weigh 16 grams and eontain the same number of 
atoms as a mole of hydrogen, which weighs 1 gram. 








grams 




3 


The molecular weight of a moleenle or eomponnd is the 
sum of the atomie weights of its eomponent atoms. For 


ionie eomponnds which do not form moleenles, the term formnla 
weight is used instead. Moleenlar and formnla weights are 
important beeanse you ean neither handle individnal moleenles 
or ions nor easily count the billions of moleenles or ions involved 
in ehemieal reaetions in the body. To simplify our calculations of 
moles and moleenlar weights, we are ronnding the atomie weights 
to the nearest whole number. 



Moleeylar weight of = 32 Molecular weight of = 2 


1 mole of oxygen 


1 mole of hydrogen 



Atomie weight of H = 1 
Molecular weight of H^ = 2 
Two moles of H^ weigh 4 g 


Atomie weight of O = 16 
Molecular weight of O^ = 32 
One mole of O^ weighs 32 g 


Molecular weight of 2 H^O: 

2x(2 + 16) 

2x18 = 36 

Two moles of H^O weigh 36 g 


4 


Using moleenlar weights, you ean ealenlate the quantities of 
reaetants needed for a speeifie reaetion and determine the 


amount of prodnet generated. For example, snppose you want to form 
water from hydrogen and oxygen aeeording to this ehemieal equation: 

2Ho + 0 


2 



2 H^O. The first step is to ealenlate the moleenlar 


weights involved. As detailed above, eombining 4 g of hydrogen with 
32 g of oxygen yields 36 g of water. Althongh by eonvention we use 
grams, you could also work with ounces, pounds, or tons, as long as 
the proportions remained the same. Notiee that when you do the 
calculation eorreetly, the moleenlar weights of reaetants and prodnets 
are balaneed. 


Modale 2.7 Revìew 


a. The ehemieal shorthand used to 
deseribe ehemieal compounds and 
reaetions effeetively is known as 


b. Llsing the rules of ehemieal notation, 
write the molecular formula for 
glucose, a compound eomposed of 
6 earbon (C) atoms, 12 hydrogen 
(H) atoms, and 6 oxygen (O) atoms. 

e. Calculatethe weightof 1 mole 
of glucose. (The atomie weight of 
earbon = 12.) 


(S) 2.7 Use ehemieal notation to symbolize ehemieal reaetions. 
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Module2.8 


r 


Three basie types of ehemieal reaetions are important 
for understanding physiology 


Deeomposition Reaetions 


A deeomposítíon reaetion breaks a moleenle into smaller fragments. A simple deeomposition 
reaetion is diagrammed below: 


AB -^ A + B 





Deeomposition reaetions oeenr ontside eells as well as inside them. For example, a typieal meal 
eontains moleenles of fats, sngars, and proteins that are too large and too complex to be absorbed 
and used by your body. Deeomposition reaetions in the digestive traet break these moleenles down 
into smaller fragments so the body ean absorb them. 


Deeomposition reaetions involving water are important in the breakdown of complex moleenles in the 
body. In hydrolysis (hi-DROL-i-sis; hydrO', water + lysis, a loosening), one of the bonds in a complex 
moleenle is broken, and the eomponents of a water moleenle (H and OH) are added to the resnlting 
fragments: 


A-B + H 2 O 


A-H + OH-B 




A(Br^+ H2O 


A 



H + OH 



The deeomposition reaetions of complex moleenles within the body s eells and tissnes are referred to 
eolleetively as eatabolísm (ka-TAB-ó-lizm; katabole, a throwing down). When a eovalent bond—a form 
of potential energy—is broken, it releases kinetie energy that ean perform work. By harnessing the 
energy released in this way, eells earry out vital functions such as growth, movement, and reprodnetion. 



Synthesis Reaetions 

Synthesis (SIN-the-sis) is the opposite of deeomposition. A synthesis reaetion assembles smaller 
moleenles into larger moleenles. A simple synthetie reaetion is diagrammed here: 



Synthesis reaetions may involve eombining atoms or moleenles to form even larger prodnets. Water 
formation from hydrogen and oxygen moleenles is a synthesis reaetion. Synthesis always forms new 
ehemieal bonds, whether the reaetants are atoms or moleenles. 
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Dehydration synthesis, or eondensation reaetion, forms a complex moleenle by removing a 
water moleenle: 


A-H + OH-B -> A-B + H 2 O 



H + OH 




Dehydration synthesis is the opposite of hydrolysis. We will see examples of both reaetions in 
later seetions. 


Synthesis of new moleenles within the body s eells and tissnes is known eolleetively as anabolism 
(a-NAB-ó-lizm; anabole, a throwing upward). Anabolism is usually eonsidered an “uphiH” proeess 
because it takes energy to ereate a ehemieal bond (just as it takes energy to push something uphill). 
Cells must balanee their energy bndgets, with eatabolism providing the energy to snpport anabolism 
and other vital hmetions. 


ehemieal reaetions are reversible (at least theoretieally), so if 


A + B 


AB, then AB 


A + B 


Many important biologieal reaetions are freely reversible. 
Such reaetions ean be represented as an equation: 



A < + 




A ( B 




This equation indieates that, in a sense, 
two reaetions are taking plaee at the same 
time. One is synthesis and the other 
deeomposition. At equìlìbrìuim, the rates 
at which the two reaetions proeeed are in 
balanee: As fast as one molecule of AB 
forms, another degrades into A + B. 


Exchange Reaetions 

In an exchange reaetion, parts of the reaeting moleenles are shnffled around to prodnee 
new prodnets: 


AB + CD >AD + CB 




The reaetants and prodnets eontain the same eomponents (A, B, 
e, and D), but those eomponents are present in different eombina- 
tions. In an exchange reaetion, the reaetant moleenles AB and CD 
must break apart (a deeomposition) before they ean interaet with 
eaeh other to form AD and CB (a synthesis). 


Modole 2.8 Revíew 


a. Identifyand deseribethreetypesofehemieal 
reaetions important in human physiology. 

b. Distinguish the roles ofwater in hydrolysis and 
dehydration synthesis reaetions. 

e. In eells, glucose, a six-carbon molecule, is 
eonverted into two three-earbon molecules 
by a reaetion that releases energy. What is the 
source of the energy? 


(S) 2.8 Distinguish among the major types of ehemieal reaetions that are important for studying physiology. 
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Module2.9 


r 


Enzymes lovver the aetìvatìon energy 

requìrements of ehemìeal reaetions 

Most ehemieal reaetions do not take plaee spontaneonsly, or if they do, they oeenr 
so slowly that they would be of little value to eells. Before a reaetion ean proeeed, 
enough energy must be provided to aetivate the reaetants. The amount of energy 
required to start a reaetion is ealled the aetivation energy. Many reaetions ean 
be aetivated by ehanges in temperatnre or aeidity (low pH), but such ehanges are 
deadly to eells. Instead, your eells use speeial proteins ealled enzymes to perform 
most of the complex synthesis and deeomposition reaetions in your body. 



Enzymes promote ehemieal reaetions by lowering the aetivation energy required. 
In doing so, they make it possible for ehemieal reaetions, such as the breakdown 
of sugars, to proeeed under eonditions eompatible with life. Enzymes belong to a elass 
of snbstanees ealled eatalysts (KAT-nh-lists; katalysis, dissolntion), eomponnds that 
speed up ehemieal reaetions without themselves being permanently ehanged or 
eonsnmed. Enzymatie reaetions, which are generally reversible, proeeed until an 
equilibrium is reaehed. 




In the external environment, extreme eonditions ean 
provide the aetivation energy. For example, complex 
sugars ean be broken down in a laboratory by boiling 
them in an aeidie solution. 




ress of reaetion 




2 


The complex reaetions that snpport life proeeed in a series of interloeking 
steps, eaeh eontrolled by a speeifie enzyme. Such a reaetion sequence is ealled 


a metabolie pathway. A synthetie pathway ean be diagrammed as: 



It takes aetivation energy to start a ehemieal reaetion, but onee it has begun, the 
reaetion as a whole may absorb or release energy as it proeeeds to eompletion. Reae- 
tions that release energy are said to be exergonic {exo~y ontside). If more energy is 
required to begin the reaetion than is released as it proeeeds, the reaetion is ealled 
endergonie {endo-, inside). Exergonic reaetions are relatively eommon in the body. 
They generate the heat that maintains your body temperatnre. 


58 • ehapter2: ehemieal Level ofOrganization 































3 


Enzymatie reaetions are essential to the 


proeessing of metabolites (me-TAB-ó-lits; 
metabole, ehange), which are snbstanees that ean 
be synthesized or broken down by ehemieal 
reaetions inside our bodies. Nutrients are essential 
metabolites that are normally obtained from the 
diet. Nutrients and metabolites ean be broadly 
eategorized as either organie or inorganie. 



V 



Organìe compounds always eontain earbon and 
hydrogen atoms as their primary structural ingredients. 

Examples: sugars, fats, proteins, and nucleic aeids 
(RNA, DNA), which are produced by living organisms 


V 


inorganie compounds 


inorganíe compounds generally do not eontain 
earbon and hydrogen atoms as their primary 
structural ingredients. 

Examples: earbon 
dioxide, oxygen, water, 
aeids, bases, and salts 




# 



V s 


l\/lodule 2.9 Revìew 


a. What is an enzyme? 

b. Why do our eells need enzymes? 

e. Explain the differenees between 
metabolites and nutrients. 


(S) 2.9 Deseribe the crucial role of enzymes in metabolism. 
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SECTION 2 Revíew 

L 


Matehíng 


Mateh eaeh lettered term with the most elosely related deseription. 


a. exergonic 

b. aetivation energy 

e. organie compounds 

d. exchange reaetion 

e. hydrolysis 

f. endergonie 

g. reaetants 

h. enzyme 


1 

■ 

2 

■ 

3 

■ 

4 

■ 

5 

■ 

6 

■ 

7 


Gatalyst 

Starting substances in a ehemieal reaetion 
ehemieal reaetion involving water 
Reaetions that absorb energy 
Shuffles parts of reaetants 
Primary eomponents are earbon and hydrogen 
Reaetions that release energy 
Requirement for starting a ehemieal reaetion 


1 

1 

2 

I 

3 

I 

4 

I 

5 

I 

6 

I 

7 


Short answer 


Dsing ehemieal notation, write theformula of eaeh ofthefollowing: 


One molecule of hydrogen 



10 


11 


12 


Two atoms of hydrogen 
Six molecules of water 


One molecule of sucrose (in this order: 12 atoms of earbon, 22 atoms of hydrogen, 
and 11 atoms of oxygen) 


9 

10 
11 
12 


VVrite the ehemieal equation for the following ehemieal reaetion: one molecule of glucose eombined 
with six molecules of oxygen produce six molecules of earbon dioxide and six molecules of water. 


13 


indieate which of the following is a hydrolysis reaetion and which is a dehydration synthesis reaetion. 



Seetìon ìntegratíon 

In a metabolie pathway that eonsists offour steps, how would deereasing the amount of enzymethat 
eatalyzes the seeond step affeet the amount of product at the end of the pathway? 


16 


60 

























































































Module2.10 


SECTION 3 • Water in the Body 



Water has several important properties 

Water (H^O) is the most important snbstanee in the body. It 
aeeonnts for up to two-thirds of total body weight. A ehange in the 
body s water eontent ean be fatal because virtually all physiologieal 
systems will be affeeted. Although water is familiar to everyone, it 
has some highly unusual properties. 


Important Propertìes of Water 



Lubricatìon 


VVater is an effeetive lubricant because there is 
little frietion betvveen vvater molecules.Thus even 
a thin layer of vvater betvveen tvvo opposing 
surfaces vvill greatly recluce frietion betvveen 
them; vvater redoees frietion vvithin joints and in 
body eavities. 



ehemíeal reaetant 


In our bodies, ehemieal reaetions occur in vvater, 
and vvater molecules are also partieipants in 
some reaetions, including hydrolysis and 
dehydration synthesis. 



Dehydration 

synthesis 




Hydrolysis 



Hìgh heat eapaeìty 


Heat eapaeíty is the quantity of heat required to raise 
the temperature of a unit mass of a substance 1 °C. 
VVater has an unusually high heat eapaeity, because 
vvater molecules in the solid and the liquid state are 

attraeted to one 
anotherthrough 
hydrogen bonding. 
Somefeatures of a 
high heat eapaeity 
are listed at right: 



• VVater temperature must be high for individual 
molecules to develop enough kinetie energy to 
break all the hydrogen bonds to beeome vvater 
vapor, a gas. 

• VVater earries a great deal of heat avvay vvith it 
vvhen it ehanges from a liquid to a gas.This feature 
accounts for the eooling effeet of perspiration on 
the skin. 

• A large mass of vvater ehanges temperature very 
slovvly.This property is ealled thermal ìnertìa. 


Solubìlity 


A remarkable number of inorganie and 
organie molecules vvill dissolve in vvater.The 
individual partieles beeome dispersed vvithin 
the vvater, and the result is a solutìon —a 
uniform mixture of tvvo or more substances. 
The liquid in vvhieh other atoms, ions, or 
molecules are distributed is ealled the solvent. 
The dissolved substances are the solutes. In 
aqueous solutíons, vvater is the solvent. 


Module 2.10 Revìew 


Prediet hovv an exercising student's 
body could use vvater for: 

a. lubrication 

b. reaetivity 

e. eooling and solubility 





(S) 2.10 Deseribe four important properties of vvater and their signifieanee in the body. 


61 




























Module2.11 

j 


Physìologìeal systems depend on vvater 

Many inorganie eomponnds are held together partially or eompletely by ionie bonds. 
In water, these eomponnds nndergo dissoeiation (di-só-sè-À-shun) or ionization 
(i-on-i-ZÀ-shun). In this proeess, ionie bonds are broken as the individnal ions 
interaet with the positive or negative poles of polar water moleenles. 



A water molecule is 
said to be polar 
because it has positive and 
negative poles. This polarity 
is due to the asymmetrieal 
positions of the hydrogen 
atoms that are attaehed by 
polar eovalent bonds. 


Negative 
pole V, 


H 



6 


+ 


8 


+ 


A 

Positive 

pole 


r 

\ 




2 


In solntion, an ionie eomponnd dissoeiates 
as water moleenles break them apart. The 


anions are surrounded by the positive poles of 
water moleenles, and the eations are surrounded 
by the negative poles of water moleenles. The 
sheath of water moleenles aronnd an ion in 
solntion is ealled a hydration sphere. 


Sodíum ehloríde erystal 


Hydration 

spheres 





r 



NaCI ín solutíon 


3 


Hydration spheres also form around 
an organie moleenle eontaining 


polar eovalent bonds. If the moleenle 
binds water strongly, as does glneose, it 
will be earried into solntion—in other 
words, it will dissolve. Moleenles that 
interaet readily with water moleenles in 
this way are ealled hydrophilie 
(hi-dró-FIL-ik; hydro~, water + philos, 
loving). Glneose, an important solnble 
sugar, is one example. 


Glucose 






4 


An aqueous solntion eontaining anions and 
eations will eondnet an eleetrieal enrrent. 


Solnble inorganie snbstanees whose ions will 
eondnet an eleetrieal enrrent in solntion are ealled 
eleetrolytes (e-LEK-tró-lits). Sodium ehloride is 
an important eleetrolyte in body flnids. In an 
eleetrieal field, eations in solntion will move 
toward the negative side, or negative terminal, and 
anions will move toward the positive terminal. 
Eleetrieal forees aeross plasma membranes affeet 
the fnnetioning of all eells. Small eleetrieal 
enrrents earried by ions are essential to muscle 
eontraetion and nerve fnnetion, two topies that 
will be disenssed in later ehapters. 
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5 


The table at right lists the most 


important eleetrolytes and their 
dissoeiation prodnets in the body. The 
dissoeiation of eleetrolytes in blood and 
other body flnids releases a variety of ions. 
ehanges in the eoneentrations of eleetrolytes 
in body flnids will distnrb almost every vital 
fnnetion. For example, deelining potassinm 
levels will lead to a general mnsenlar paraly- 
sis, and rising eoneentrations will eanse weak 
and irregnlar heartbeats. The eoneentrations 
of ions in body flnids are earefnlly regnlated, 
primarily by the eoordination of aetivities at 
the kidneys (ion excretion), the digestive 
traet (ion absorption), and the skeletal 
system (ion storage or release). 


Important Eleetrolytes That Dissoeiate in Body Fluids 

Eleetrolyte 

lons Released 

NaCI (sodium ehloride) —í 

► Na'^ + er 

KCI (potassium ehloride) — ì 

► + er 

eaPO^ (calcium phosphate) — ì 

► Ca2+ + 

NaHeO^ (sodium biearbonate) —í 

► Na"^ + HeOs’ 

Mgd^ (magnesium ehloride) —í 

► Mg2+ + 2 er 

Na^HPO^ (sodium hydrogen phosphate) —í 

► 2 Na"^ + HPO^^- 

Na^SO^ (sodium sulfate) —í 

► 2 Na"^ + SO^^’ 














V 


Fats and oils 





Protein 






© 
















9 



9 


9 



© 


9 


© 


9 


Many organie molecules either laek 
polar eovalent bonds or have very few. 
Such molecules do not have positive 
and negative poles and are thus 
nonpolar. When nonpolar molecules are 
exposed to water, hydration spheres do 
not form and the molecules do not 
dissolve. Molecules that do not readily 
interaet with water are ealled hydro- 
phobìe (hí-dró-FO-bik; hydro-, water -i- 
phobos, fear). Fats and oils of all kinds 
are some of the most familiar 
hydrophobie molecules. 


Body fluids typieally eontain large and 
complex organie molecules, such as 
proteins, that are held in solution by 
their assoeiation with water molecules. 


6 


A solution eontaining dispersed proteins or other large molecules 


is ealled a eolloid. The partieles or molecules in a eolloid will 
remain in solntion indefinitely. Liquid Jell-O is a familiar, viscous (thiek) 
eolloid. In eontrast, a suspension eontains large partieles in solntion, but 
if undisturbed, its partieles will settle out of solution due to the foree of 
gravity. Whole blood is a temporary suspension, beeanse the blood eells 
are snspended in the blood plasma. If elotting is prevented, the eells in a 
blood sample will gradnally settle to the bottom of the eontainer. 


l\/lodule2.11 Revìew 


a. Explain howthe ioniccompound 
sodium ehloride dissolves in water. 

b. Define eleetrolytes. 

e. Distinguish between hydrophilie and 
hydrophobie molecules. 


2.11 Explain how the ehemieal properties of water affeet 
the solubility of inorganie and organie molecules. 
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Module2.12 
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Regulatìon of body fluìd pH ís vìtal for homeostasis 

A hydrogen atom involved in a ehemieal bond or partieipating in a ehemieal 
reaetion ean easily lose its eleetron to beeome a hydrogen ion, Hydrogen 
ions are extremely reaetive in solntion. In excessive nnmbers, they will break 
ehemieal bonds, ehange the shapes of complex moleenles, and generally disrnpt 
eell and tissne fnnetions. As a resnlt, the eoneentration of hydrogen ions in body 
flnids must be regulated preeisely. 



A few hydrogen ions are normally present 
even in a sample of pure water, beeanse 
some of the water moleenles dissoeiate sponta- 
neonsly, releasing a hydrogen ion, H+, and a 
hydroxide (hi-DROK-sid) ion, OH“. 




2 


The hydrogen ion eoneentration 


in body fluids is so important to 
physiologieal proeesses that a speeial 
shorthand is used to express it. The 
pH of a solntion is defined as the 
negative logarithm'' of the hydrogen 
ion eoneentration in moles per liter 
(mol/L). For eommon liquids, the pH 
seale ranges from 0 to 14. 


Blood 

The pH of blood normally ranges from 7.35 to 7.45. Abnormal fluctuations in pH 
ean damage eells and tissues by breaking ehemieal bonds, ehanging the shapes of 
proteins, and altering cellular functions. Aeìdosìs is an abnormal physiologieal 
state caused by low blood pH (below 7.35). A pH below 7 ean produce eoma. 
Alkalosìs results from an abnormally high pH (above 7.45). A blood pH above 7.8 
generally causes uncontrollable and sustained skeletal muscle eontraetions. 


1 mol/L 
hydroehlorie 


aeid 


Stomaeh 
hydroehlorie 
aeid 







Extremely 

aeidie 


PH 

[H+] 


0 

10 



0 


(mol/L) 


* 


1 

10 


2 


-1 


10 


-2 


Llrine 


Beer, 

vinegar, 

wine, Tomatoes, 
piekles grapes 


Saliva, 

milk 


Pure 


Seawater 


water Eggs 


Household 

bleaeh 


Household 

ammonia 


inereasìng eoneentration of 


Neutral 


inereasing eoneentratìon ofOH 


3 

10-3 


4 


10 


-4 


5 

10-3 


6 

10-3 


7 


10 


-7 


8 

10-3 


9 

10-9 


10 

10-10 


11 


12 


1 mol/L 
sodium 
hydroxide 


Oven 

eleaner 



Extremely 

basie 






10 


-11 


10 


-12 


13 

10-"'3 



14 


10 


-14 


A solution with a pH below 7 is 
aeídìe (a-SI-dik), meaning that it 
eontains more hydrogen ionsthan 
hydroxide ions. 


A solution with a pH of 7 is said to 
be neutral, because it eontains 
equal numbers of hydrogen and 
hydroxide ions. 


A pH above 7 is basie, or alkalíne 
(AL-kuh-lin), meaning that it has 
more hydroxide ions than 
hydrogen ions. 


* One liter of pure water eontains about 0.0000001 mol of hydrogen ions and an equal number of hydroxide 
ions. In other words, the eoneentration of hydrogen ions in a solution of pure water is 0.0000001 mol per liter. 
This ean be written as [H+] = 10“^ mol/L.The braekets around the H'^signify"the eoneentration of,"another 
example of ehemieal notation.The negative logarithm of 10“^ is equal to (-)(-7) = +7. 
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Adds and Bases 


3 


An aeid is any solnte that dissoeiates in solntion and releases hydrogen 
ions, thereby lowering the pH. Beeanse a hydrogen atom that loses its 


eleetron eonsists solely of a proton, hydrogen ions are often referred to 
simply as protons, and aeids as proton donors. A strong aeid dissoeiates 
eompletely in solntion, and the reaetion oeenrs essentially in one direetion 
only. Hydroehlorie aeid (HC1) is a 
representative strong aeid; in water, it 
ionizes as follows: 


vArí 

V IJ+ _L n- 


^ n + \mì 



4 


A base is a solnte that removes hydrogen ions from a solntion and 
thereby aets as a proton aeeeptor. In solntion, many bases release a 


hydroxide ion. Hydroxide ions have a strong affinity for hydrogen ions and 
reaet quickly with them to form water molecules. A strong base dissoeiates 
eompletely in solntion. Sodium 
hydroxide (NaOH) is a strong base. 

In solntion, it releases sodium ions 
and hydroxide ions: 






Weak aeids and weak bases fail to dissoeiate eompletely. At equilib- 
rium, a signifieant number of molecules remain intaet in the solntion. 
For a given number of molecules in solntion, weak aeids and weak bases 
therefore have less of an impaet on pH than do strong aeids and strong bases. 
Carbonic aeid (H^eO^) is a weak aeid found in body fluids. In solntion, 
earbonie aeid reversibly dissoeiates 
into a hydrogen ion and a biearbon- 
ate ion (HeO^"). 


H ro 

-^ H++ Hro - 


1 1 1 1 



Salts 




6 


A salt is an ionie eomponnd eonsisting of any eation except a hydrogen 


ion and any anion except a hydroxide ion. Beeanse they are held 
together by ionie bonds, many salts dissoeiate eompletely in water, releasing 
eations and anions. For example, sodium ehloride (table salt) dissoeiates 
immediately in water, releasing Na+ and Cl“, the most abnndant ions in body 
fluids. The ionization of sodium ehloride does not affeet the loeal eoneentra- 
tions of hydrogen ions or hydroxide ions, so NaCl, like many salts, is a 
“nentral” solute. Other salts may 
indireetly affeet the eoneentrations of 
H+ and OH“, making a solntion slightly 
aeidie or slightly basie. 



^ M!a+ _L rì- 

lìiaLii 

> via + \mì 




Buffers 


7 


Buffers are eomponnds that stabilize the pH of a solntion by 
removing or replaeing hydrogen ions. Buffer systems typieally 


involve a weak aeid and its related salt, which fnnetions as a weak 
base. For example, the body s earbonie aeid-biearbonate buffer 
system eonsists of earbonie aeid (H^COo) and sodium biearbonate. 


(NaHeO^), otherwise known as baking soda. Bnffers and buffer 


systems in body fluids help maintain pH within normal limits. 


Modyle 2.12 Revìew 


a. Define pH. 

b. What isthesignifieaneeof pH in 
physiologieal systems? 

e. Explain the differenees among an aeid, 
a base,and a salt. 


(S) 2.12 Discuss the importanee of pH and the role of buffers in body fluids. 
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SECTION 3 Revíew 

L 


Matehíng 


Mateh eaeh lettered term with the most elosely related deseription. 


a. solvent 

b. water 
e. buffers 

d. hydrophilie 

e. inorganie compounds 

f. hydrophobie 

g. aeid 

h. solute 

i. alkaline 

j. salt 











HCI, NaOH,and NaCI 


A dissolved substance 


A solution with a pH greaterthan 7 
Molecules that readily interaet with water 


Fluid medium of a solution 


lonie compound not eontaining hydrogen ions or hydroxide ions 

Compounds that stabilize pH in body fluids 

Solution with a pH of 6.5 

Molecules that do not interaet with water 


10 


Makes up two-thirds of human body weight 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


Short answer 

List four properties of water important to the functioning of the human body. 


11 

12 

13 

14 


Identify the regions 15,16, and 17 on the pH seale below: 


pH 0 
[H+] 10® 

(mol/L) 



10 


-1 


10 


-2 


10-3 


10 


-4 


5 

10-3 


16 


6 

10-6 


17 


7 

10 


8 

10-3 


9 

10-® 



10-10 


10 


-11 


10 


-12 


10-"'3 


10 


-14 


18 

How much more or less aeidie is a solution of 


18 


pH 3 eompared to one with a pH of 6? 


19 

Deseribe three negative effeets of abnormal 


19 


pH fluctuations in the human body. 


Seetìon íntegratíon 

The addition of table salt to pure water does not result in a ehange in its pH. Why? 
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Module2.13 


SEGTION 4 • OrganieCompounds 



All organie compounds eontain 
earbon and hydrogen atoms 

Organie eomponnds always eontain the elements earbon and hydrogen, and 
generally oxygen as welL Many organie moleenles are made up of long ehains of 
earbon atoms linked by eovalent bonds. The earbon atoms typieally form additional 
eovalent bonds with hydrogen or oxygen atoms and, less eommonly, with nitrogen, 
phosphorus, sulfur, iron, or other elements. Many organie moleenles are solnble in 
water. Althongh organie eomponnds are diverse, eertain gronpings of atoms occur 
again and again, even in very different types of moleenles. These functional gronps 
greatly inflnenee the properties of any moleenle in which they occur. 


Important Functional Groups of Organie Compounds 


Functìonal Group 

Structural Formula 

importanee 

Examples 


Amìno group, -NH^ 




Aets as a base, aeeepting H+, • Amino aeids 

depending on pH; ean form 
bonds with other molecules 


Carboxyl group, -COOH 




Aets as an aeid, releasing H+ • Fatty aeids 
to beeome R-COO“ •Aminoaeids 


Hydroxyl group, -OH 




May link molecules through 
dehydration synthesis; 
hydrogen bonding between 
hydroxyl groups and water 
molecules affeets solubility 


• Garbohydrates 

• Fatty aeids 

• Amino aeids 

• Aleohols 


Phosphate group, -PO4 



May link other molecules to 
form larger structures; may 
store energy 


• Phospholipids 

• Nucleic aeids 

• High-energy 
compounds 


* A structural fornnula shows the eovalent bonds within a moleeole or functional group. For example, a 
single eovalent bond is represented by a single line (—), a double bond by two parallel lines (=). 
Although not shown here, a triple bond is represented by three parallel lines (=). 

'I' R represents R group, which denotes the rest of the molecule to which a functional group is attaehed. 

In this seetion we will introdnee the major elasses of organie 
eomponnds. We will also eonsider how enzymes faeilitate essential 
reaetions within living eells, and how eells eaptnre and transfer 
energy with speeial high-energy eomponnds. 


l\/lodule 2.13 Revìew 


a. List the elements that construct organie 
compounds. 

b. VVhat isafunctional group? 

e. Identify the important functional 
groups of organie compounds. 


2.13 Deseribe the eommon elements of organie compounds and 
how functional groups modify the properties of organie compounds. 





























Module2.14 



earbohydrates eontaìn earbon, hydrogen, 
and oxygen, usually ìn a 1:2:1 ratio 

A earbohydrate is an organie moleenle that eontains earbon, hydrogen, and oxygen 
in a ratio near 1:2:1. Familiar earbohydrates inelnde the sngars and starehes that make 
up about half of the typieal IJ.S. diet. Garbohydrates typieally account for less than 1.5 
pereent of total body weight. Althongh they may have other fnnetions, earbohydrates 
are most important as energy sonrees that are eatabolized rather than stored. 


Monosaeeharides 

A simple sugar, or monosaeeharide 
(mon-ó'SAK-nh-rid; mono-, single + 
sakeharon, sugar), is a earbohydrate eontaining 
from three to seven earbon atoms. A monosae- 
eharide ean be ealled a triose (three-earbon), 
tetrose (four-carbon), pentose (five-earbon), 
hexose (six-carbon), or heptose (seven-earbon). 
The hexose glneose (GLOO-kós) is the most 
important metabolie “fuel” in the body. 




H — e —OH 
HO — e - H 
H—e -OH 
H—e —OH 



The atoms in a 
glucose molecule 
may form either a 
straight ehain or a 
ring. In the body, the 
ring form is more 
eommon. 




2 


The three-dimensional structure of 
an organie moleenle is an important 


eharaeteristie, beeanse it usually determines 
the moleenle s fate or fnnetion. Some 
moleenles have the same moleenlar 
formnla—in other words, the same types and 
nnmbers of atoms—but different structures. 
Such moleenles are ealled isomers. The body 
usually treats different isomers as distinet 
moleenles. 


CH20H 



Glucose Fructose 

The monosaeeharides glucose and fmetose are isomers. 
Fructose is a hexose found in many fruits. Although its ehemieal 
formula, is the same as that of glucose, the arrange- 

ment of its atoms differs from that of glucose. 


Garbohydrates in the Body 

Structural Glass 

Examples 

Prìmary Functìon 

Remarks 

Monosaeeharìdes 

(simple sugars) 

Glucose, fructose 

Energy source 

IVlanufactured in the body and obtained 
from food; distributed in body fluids 

Dìsaeeharìdes 

Sucrose, laetose, maltose 

Energy source 

Sucrose is table sugar, laetose is in milk, 
and maltose is malt sugar; all must 
be broken down to monosaeeharides 
before absorption 

Polysaeeharìdes 

Glyeogen 

Glucose storage 

Glyeogen is in animal eells; other 
starehes and cellulose are within or 
around plant eells 
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Disaeeharides 


Two monosaeeharides joined together form a disaeeharide (di-SAK-uh-rid; di-, two). Disaeeharides 
such as sucrose (table sugar) have a sweet taste and, like monosaeeharides, are quite soluble in 
water. The formation of sucrose involves dehydration synthesis. 


3 


During 

dehydration 


synthesis, two 
molecules are joined 
by the removal of a 
water molecule. 


CH20H 



H0CH2 


+ 



CH20H 


Fructose 


CH20H 


DEHYDRATION 



SYNTHESIS 



+ 



CH20H 


A 


H 


OH 


OH 


H 


Sucrose 


4 


Hydrolysis 
reverses the 


steps of dehydration 
synthesis. A complex 
molecule is broken 
down by the addition 
of a water molecule. 


CH20H 



CH20H 



H OH OH H 


Sucrose 


Polysaeeharides 



More complex earbohydrates result when repeated 
dehydration synthesis reaetions add additional monosae- 
eharides or disaeeharides. These large molecules are 
ealled polysaeeharides (pol-è-SAK-uh-ridz; poly-, 
many). Starehes are large polysaeeharides formed 
from glucose molecules. Your digestive traet 
ean break these molecules into monosae- 
eharides. Starehes such as those in 
potatoes and grains are a major 


dietary energy source. 


Module 2.14 Revìew 


The polysaeeharide glyeogen (GLÍ-kó-jen), or animal 
stareh, has many side branehes eonsisting of ehains 
of glucose molecules. l\/luscle eells make and store 
glyeogen. When these eells have a high demand for 
glucose, glyeogen molecules are broken down. 
When the need is low, they absorb glucose from the 
bloodstream and rebuild glyeogen reserves. 


a. A food eontains organie molecules with the 
elementsG, H, and O in a ratioof 1:2:1. Whatclass 
of compounds do these molecules belong to, and 
what are their major functions in the body? 

b. List the three structural elasses ofearbohydrates, 
and give an example of eaeh. 

e. Prediet the reaetants and the type ofehemieal 
reaetion involved when muscle eells make and 
storeglyeogen. 


(S) 2.14 Discuss the structures and functions of earbohydrates. 
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Module2.15 



Lìpids often have a 
earbon-to-hydrogen ratío of 1:2 

Like earbohydrates, lipids {lipoSj fat) eontain earbon, hydrogen, and oxygen, and the 
earbon-to-hydrogen ratio is typieally near 1:2. However, lipids eontain much less oxygen 
than do earbohydrates with the same number of earbon atoms. The hydrogen-to-oxygen 
ratio is therefore very large. For example, a representative lipid, such as lauric aeid, has a 
formula of Lipids may also eontain small quantities of phosphorns, nitrogen, 

or sulfur. Familiar lipids include fats, oils, and waxes. Most lipids are insolnble in water, 
but speeial transport meehanisms earry them into the bloodstream. 


Fatty Aeids 


Fatty aeíds are long earbon ehains with hydrogen atoms 
attaehed. One end of the earbon ehain, ealled the head, is 
attaehed to a carboxyl (kar-BOK-sil) group: —COOH. 





OH 


\ 

/ 

/ 


H - 

— e — 

H 



\ 




H-e 


-H 


/ 



H- 

— e — 

H 



\ 




H-e 


-H 


/ 



H - 

—e — 

H 



\ 




H-e 


-H 


/ 



H - 

e 

H 



\ 




H-e 


-H 


/ 



H - 

— e — 

H 



\ 




H-e 


-H 


/ 



H- 

— e — 

H 



H 





The earbon ehain attaehed 
to the carboxyl group is 
known as the hydroearbon 
tail of the fatty aeid. The 
hydroearbon tail is hydro- 
phobie, so fatty aeids have 
very limited solubility in 
water. In general, the longer 
the hydroearbon tail, the 
lower the solubility of the 
molecule. 


2 


In a saturated fatty aeid, eaeh 
earbon atom in the tail has four 


single eovalent bonds. 



Lauríc aeid 


H 


e 


H 


3 


In an unsaturated fatty aeid, one or more of the single 
eovalent bonds between earbon atoms has been replaeed 


by a double eovalent bond. As a result, eaeh earbon atom 
involved will bind only one hydrogen atom rather than two. 
This ehanges both the shape of the hydroearbon tail and the 
way the fatty aeid is metabolized. A monounsaturated fatty 
aeid has a single double bond in the hydroearbon tail. A 
polyunsaturated fatty aeid eontains mnltiple double bonds. 


Double 

eovalent 

bond 


H 


H 


H 


H 


H 


e 


e 


e 


e 


e 

H 


e 


e 


H 


H 


H 


H 


H 


H 
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Representatíve Lípíds ín the Body 


LìpìdType 

Examples 

Prìmary Functìons 

Remarks 

Fatty aeìds 

Lauric aeid 

Energy sources 

Absorbed from food or synthesized in eells; 
transported in the blood 

Glyeerìdes 

Monoglyeerides, 

diglyeerides, 

triglyeerides 

Energy sources, energy storage, 
insulation, and physieal proteetion 

Stored in fat deposits; must be broken down to 
fatty aeids and glyeerol before they ean be used 
as an energy source 

Eíeosanoìds 

(see Modole 2.16) 

Prostaglandins, 

leukotrienes 

ehemieal messengers eoordinating 
loeal cellular aetivities 

Prostaglandins are produced in most body 
tissues 

Steroíds 

(see Module 2.16) 

eholesterol 

Structural eomponents of eell 
membranes, hormones, digestive 
seeretions in bile 

All steroids have the same earbon ring 
framework 

Phospholípìds, 

glyeollplds 

(see Module 2.16) 

Leeithin 

(a phospholipid) 

Structural eomponents of eell 
membranes 

Derived from fatty aeids and nonlipid 
eomponents 


Glyeerídes 


4 


Individual fatty aeids eannot be strung together in a ehain 
by dehydration synthesis. But they ean be attaehed to 


another eomponnd, glyeerol (GLIS-er-ol), throngh a similar 
reaetion. The result is a lipid known as a glyeeride (GLIS-er-id). 


Glyeerol 


Fatty aeids 


H 


H-C-O H HO 


H-C -OH HO 


H-e-O H HO 


H 


Fatty Aeid 1 


H 


e 


Fatty Aeid 2 

^ H 

H 5 

Fatty Aeid 3 

^ H 

O H . 


HYDROLYSIS 



e 


e 


e 


e 


e 


e 


e 


e 


e 

/ 

H 


e 


e 


e 


e 


e 


e 


Saturated 


e 


e 


e 


H 


Saturated 


e 


e 


e 


H 


^ H H 

■e^ 9 ' 
H V 

H 


H 


Unsaturated 



DEHYDRATION 

SYNTHESIS 


Lipids form essential eomponents of all eells. In 
addition, lipid deposits are important as energy 
reserves. On average, lipids provide twice as much 
energy as earbohydrates do, gram for gram, when 
broken down in the body. Lipids normally account 
for 12-18 pereent of total body weight of adult 
men, and 18-24 pereent in adult women. The 
human body eannot synthesize all the lipids it 
needs, and several fatty aeids must be obtained 
from the diet. 


— 

Dehydration synthesis ean produce a monoglyeerìde 
(mon-ó-GLI-ser-íd), eonsisting of glyeerol + one fatty 
aeid. Subsequent reaetions ean yield a dìglyeerìde 
(glyeerol + two fatty aeids) and then a trìglyeerìde 
(glyeerol + three fatty acids).Triglycerides are also 
known as triaeylglyeerols or neutral fats. Hydrolysis 
breaks the glyeerides into fatty aeids and glyeerol. 


H 


H -e -O 


H -e -O 


H -e -O 


H 


O 


O 


e 


e 


e 


e 


e 


e 


o 


e 


e 


e 


e 

l^ 


e 


e 


e 


e 


e 

lll 


e 


e 


e 


e 


e 


e 



e 

/ 

H 


H 


e 


e 


e 


e 


/ 


H 


H 

/ 

e 


e 


e 


H 


e 


e 

l^ 


H 


H 





Triglyeeride 


Modyle 2.15 Revíew 


a. Deseribe lipids. 

b. Deseribe the structures ofsaturated 
and unsaturated fatty aeids. 

e. In the hydrolysis of a triglyeeride, what 
are the reaetants and the products? 


(S) 2.15 Discuss the structures and functions of lipids. 
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Module2.16 



Ekosanoìds, steroìds, phospholìpìds, 
and glyeolipids have díverse functìons 

Lipids are important as ehemieal messengers and as eomponents of eellnlar 
structures. Structurallípíds help form and maintain a eells surrounding 
membrane and its intracellular membranes. At the cellular level, membranes 
are sheets or layers eomposed primarily of hydrophobie lipids. Fnnetionally, 
a membrane is an effeetive barrier that ean separate two aqueous solutions of 
differing eomposition. 

Eieosanoids 

Eíeosanoíds (i-KO-sa-noydz) are lipids derived from 
araehidonie (ah-rak-i-DON-ik) aeid, a fatty aeid that must be 
absorbed from food beeanse it eannot be synthesized by the body. 

Lenkotrienes (lu-kó-TRl-ènz) are prodneed primarily by eells 
involved with eoordinating the responses to injury or disease, and 
they will be eonsidered in later ehapters. 




Prostaglandìns (pros-tuh-GLAN-dinz) are short-ehain fatty 
aeids in which five of the earbon atoms are joined in a ring. 
These compounds are released by eells to eoordinate or 
direet loeal cellular aetivities, and they are extremely 
powerful, even in minute quantities. Small amounts of 
prostaglandins released by damaged tissues, for example, 
stimulate nerve endings and produce the sensation of pain. 


Steroíds 


2 


Steroids are large lipid molecules that share a distinetive earbon-ring 
framework. They differ in the fnnetional groups that are attaehed to 


the basie ring structure. 


CH 


H 



CH2 . X 


CH 


CH 


CH 


eholesterol 


The outer boundary of all animal eells, ealled the plasma 
membrane, eontains eholesterol (kóh-LES-ter-ol; c/?o/e-, 
bile -I- stereos, solid). Gells need eholesterol to maintain their 
plasma membranes and for eell growth and division. 



Estrogen Testosterone 


Steroid hormones are involved in regulating sexual 
function.The sex hormones estrogen and testosterone are 
examples of steroid hormones. 
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Phospholipids and Glyeolipids 


3 


Phospholipids 

(FOS-fó-lip-idz) 
and glyeolipids 
(GLl-kó-lip-idz) are 
structurally related, 
and our eells ean 
synthesize both types 
of lipids, primarily 
from fatty aeids. 
eholesterol, phospho- 
lipids, and glyeolipids 
are eonsidered 
structural lipids 
because of their 
roles in membrane 


structure. 




H—e 


H 


e 


0 


e =0 


Glyeerol 


GH, 

\ 

GH, 

\ 

/H2 

CH 


/ 
GH, 


e —H 


0 

e =0 


CH2 


/H2 


CH 

\ 


/H2 


CH 

\ 


CH. -CH 


/H2 


CH. -CH 


CH 

\ 


/CH2 


CH2-CH 

CH. 


CH 

\ 


Fatty 

aeids 


/CH2 


CH 

\ 


CH 


In a phospholipid, a phosphate group 
links a diglyeeride to a nonlipid group. 



en^OH 



en^OH 



earbohydrate 


H—e 


H 


H 


e 


O 

e =0 


Glyeerol 


/H2 

CH2 

/H2 

CH2 

\ 

/CH2 

CH 


CH. -CH 


CH. -CH 


CH2 -ch 

CH. 


Fatty 

aeids 


/ 
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e —H 


O 

e =0 
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/CH2 


CH 
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/CH2 


CH 

\ 


/CH2 


CH 

\ 


/CH2 


CH 

\ 


/CH2 


CH 


\ 


CH 


In a glyeolipid, a earbohydrate is 
attaehed to a diglyeeride. 


VVater 



4 


The long hydroearbon tails of 
phospholipids and glyeolipids 


are hydrophobie, but the opposite 
ends, the nonlipid heads, are 
hydrophilie. In water, large nnmbers 
of these moleenles tend to form 
droplets, or mieelles (mi-SELZ), 
with the hydrophilie portions on 
the ontside. Most meals eontain a 
mixture of lipids and other organie 
moleenles, and mieelles form as the 
food breaks down in the digestive 
traet. 



Hydrophilie 

heads 


Hydrophobie 

tails 



Phospholípíd 


Glyeolípíd 


Module 2.16 Revìew 


a. Deseribe the basie functions ofeieosanoids, 
steroids, phospholipids, and glyeolipids. 

b. VVhy is eholesterol neeessary in the body? 

e. Deseribe the orientations ofphospholipids 
and glyeolipids when they form a mieelle. 


(S) 2.16 Discuss the structures and diverse functions of eieosanoids, steroids, phospholipids, and glyeolipids. 
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Module2.17 



Proteìns are formed from amíno aeìds 

Proteins are the most abundant organie eomponents of the human body, and in 
many ways the most important. The human body eontains many diíferent proteins, 
and they aeeonnt for about 20 pereent of total body weight. Proteins eonsist of long 
ehains of organie moleenles ealled amino aeids. Twenty different amino aeids are 
used as the building bloeks of proteins in the human body. All amino aeids eontain 
earbon, hydrogen, oxygen, and nitrogen. Sulfur is also present in two amino aeids, 
eysteine and methionine. A typieal protein eontains 1000 amino aeids. The largest 
protein complexes have 100,000 or more. 



Every amino aeid eonsists of a eentral earbon atom to which four 
different groups are attaehed: a hydrogen atom, an amino group, a 
carboxyl group, and a variable side group designated as R. The carboxyl 
group ean aet as an aeid by releasing a hydrogen ion to beeome a carboxyl 
ion (eOO'). The amino group ean aet as a base by aeeepting a hydrogen 
ion, to beeome an amino ion (-NH 3 +). The result is a moleenle, with 
both positive and negative eharges, but a net eharge of zero. Such 
moleenles are ealled zwitterions, derived from the German word that 
means “hybrid.” The different atoms of the R groups distingnish one 
amino aeid from another, giving eaeh its own ehemieal properties. For 
example, different R groups are polar, nonpolar, or eleetrieally eharged. 



Amino group 
Gentral earbon 

Carboxyl group 


R group (variable side ehain 
of one or more atoms) 


2 


Two amino 
aeids ean 


be linked together 
by dehydration 
synthesis. 




Adjaeent amino 
aeids ean be linked 
together by a 
eovalent bond that 
eonneets the 
carboxyl group of 
one amino aeid to 
the amino group of 
another. 








Peptide bonds ean 
also be broken 
through hydrolysis; 
the hydrolysis of a 
dipeptideyields a 
pair of amino aeids. 





The bond betvveen amino aeids is knovvn as a 
peptìde bond. Moleenles eonsisting of amino 
aeids held together by peptide bonds are ealled 
peptìdes.This molecule is ealled a dìpeptìde 
because it eontains tvvo amino aeids. 


3 


The ehain ean be length- 


ened by the addition of 
more amino aeids with peptide 
bonds. Attaehing a third amino 
aeid prodnees a tripeptide. 
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4 


Tripeptides and larger peptide ehains are ealled polypeptides. Polypeptides eontain- 
ing more than 100 amino aeids are ealled proteins, which ean have up to four levels of 


structural complexity. The first level of complexity is ealled the primary structure. 


Prìmary Structure 
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A1 


A2 


A3 


Seeondary Structure 

Hydrogen 

bond 



A4 


A5 


A6 



Hydrogen bond 


or 


Alpha helíx 


Tertìary Structure 


Alpha helix 


Heme 



Quaternary Structure 


Heme 




Hemoglobin (globular protein) 


Gollagen 

(fibrous protein) 
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A8 


A9 


Beta sheet 


Tertiary structure results from the 
complex eoiling and folding that gives 
a protein its final three-dimensional 
shape.Tertiary structure results 
primarily from interaetions between 
the polypeptide ehain and the 
surrounding water molecules, and to 
a lesser extent from interaetions 
between the R groups of amino aeids 
in different parts of the molecule.This 
subunit of hemoglobin eontains a 
heme unit that ean bind to oxygen. 


Quaternary structure results 
from the interaetion between 
individual polypeptide ehains to 
form a protein complex.The 
protein hemoglobìn eontains 
four polypeptide subunits. 
Hemoglobin is found within red 
blood eells, where it binds and 
transports oxygen. It is an 
example of a globular protein. In 
eollagen, three linear subunits 
intertwine, forming a fibrous 
protein.The three-dimensional 
shape of a protein plays an 
essential role in determining its 
functional properties. 


Primary structure results 
from the sequence of amino 
aeids bonded together in a 
linear ehain. 



Seeondary structure results 
from bonds between atoms 
at different parts of the 
polypeptide ehain. Hydrogen 
bonding, for example, may 
ereate either a simple spiral, 
ealled an alpha helix (a helix) 
or a flat pleated sheet known 
as a beta sheet ((3 sheet).The 
alpha helix is the most 
eommon form, but a given 
polypeptide ehain may have 
both helieal and pleated 
seetions. 


As temperatures rise, protein 
shape ehanges and enzyme 
function deteriorates. 
Eventnally the protein 
nndergoes denaturation, 
a ehange in tertiary or 
quaternary structure that 
makes it nonfunctional. 
Death occurs at very high 
body temperatures (above 
43°C, or 110°F) because the 
denaturation of structural 
proteins and enzymes causes 
irreparable damage to organs 
and organ systems. 


Modyle 2.17 Revìew 


a. Deseribe proteins. 

b. What kind of bond forms 
during the dehydration 
synthesis of two amino aeids? 

e. Why does boiling a protein 
affeet its structural and 
functional properties? 


(S) 2.17 Discuss protein structure and the essential functions of proteins within the body. 
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Module2.18 



Enzymes are proteìns with 
ímportant regolatory functions 


Almost everything that happens inside the hnman body does so beeanse a speeifie 
enzyme makes it possible. Enzymes are organie eatalysts that speed up cellular 
reaetions (p. 58). The reaetants in enzymatie reaetions are ealled substrates. As in 
other types of ehemieal reaetions, the interaetions among snbstrates yield speeifie 
prodnets. Before an enzyme ean fnnetion as a eatalyst, snbstrates must bind to a 
speeifie region of the enzyme. 



I 



- Enzyme- 
substrate 
complex 




Substrate binding oeenrs at the aetive site, typieally a groove or 
poeket into which one or more snbstrates nestle, like a key fitting 
into a loek. Weak eleetrieal attraetive forees, such as hydrogen bonding, 
reinforee the physieal fit. The tertiary or quaternary structure of the 
enzyme moleenle determines the shape of the aetive site. Eaeh enzyme 
eatalyzes only one type of reaetion, a eharaeteristie ealled speeifieity. An 
enzyme s speeifieity is determined by the ability of its aetive sites to bind 
only to snbstrates with partienlar shapes and eharges. 


2 


Snbstrate binding prodnees an enzyme-sabstrate complex. Eaeh 
eell eontains an assortment of enzymes, and any partienlar enzyme 


may be aetive under one set of eonditions and inaetive under another. 
Virtnally anything that ehanges the tertiary or quaternary shape of an 
enzyme ean turn it “on” or “off” by ehanging the properties of the aetive 
site and preventing formation of an enzyme-snbstrate complex. Beeanse 
the ehange is immediate, enzyme aetivation or inaetivation is an impor- 
tant method of short-term eontrol over reaetion rates and pathways. 


Snbstrate binding typieally resnlts in a temporary, reversible ehange 
in the enzyme s shape; this ehange may fnrther the reaetion by 
plaeing physieal stresses on the snbstrate moleenles. The enzyme then 
promotes prodnet formation. In some eases, the ehange in enzyme shape 
that aeeompanies snbstrate binding is snffieient to eatalyze the reaetion. 
In other eases, an external source must provide the aetivation energy 
required. 



4 


The eompleted prodnet then detaehes from the aetive site, and 


the enzyme is free to repeat the proeess. When every enzyme 
moleenle is eyeling throngh its reaetion sequence at top speed, fnrther 
inereases in snbstrate 
eoneentration will not 


affeet the rate of 
reaetion. The snbstrate 
eoneentration required 
for the maximum 
reaetion rate is ealled 
the saturatíon lìmít. 


Module 2.18 Revìew 


a. Defìneaetivesite. 

b. What are the reaetants in an enzymatie 
reaetion ealled? 

e. Relate an enzyme's structure to its 
reaetion speeifieity. 
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2.18 Explain how enzymes function within the body. 


















Module2.19 


r 


Hìgh-energy compounds may store and transfer 
a portion of energy released duríng enzymatíe reaetíons 



Enzymes may eatalyze 
synthesis, deeomposition, or 
exchange reaetions. When prodnet 
formation requires an energy donor, 
that donor is typieally a high-energy 
eomponnd. High-energy compounds 
eontain high-energy bonds, eovalent 
bonds whose breakdown releases 
energy under eontrolled eonditions. 
The most eommon high-energy 
eomponnd is adenosine triphos- 
phate, or ATP. 


Adenosìne trìphosphate 
(ATP) 


Adenosìne dìphosphate 
(ADP) 


Adenosìne monophosphate 
(AMP) 


Phosphate 

groups 


Adenosìne 



High-energy 

bonds 



ATP formation begins with adenosine, an organie molecule 
eonsisting of a small, ring-shaped organie molecule 
(adenine) and a simple sugar (ribose). When adenosine 
binds with a single phosphate group, the resulting molecule 

is adenosìne monophosphate, or AMP. 


A high-energy bond is required to add a seeond 
phosphate, forming adenosìne dìphosphate, or ADP. 


Additional energy must be provided to attaeh the third 
phosphate and ereate adenosìne trìphosphate, or ATP. 



2 


The formation of ATP from ADP is a 


reversible reaetion. The energy stored 
when ATP forms is released when it breaks 
down to ADP. Cells ean synthesize ATP in 
one loeation and then break it down in 
another, harnessing the energy released to 
power essential aetivities. 



ENERGY + (?) 



ATP and related high-energy compounds provide the energy to power 
many vital functions, inelnding muscle eontraetion and the enzymatie 
reaetions responsible for synthesizing proteins, earbohydrates, and lipids. 


l\/lodule2.19 Revìew 


a. Wheredocellsobtain theenergy 
needed fortheir vital functions? 

b. Deseribe ATP. 

e. Gompare AMP with ADP. 


(S) 2.19 Discuss the structure and function of high-energy compounds. 
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Module2.20 



DNA and RNA are nucleic aeids 

Nucleic (noo-KLÀ-ik) aeids are large organie moleenles eomposed of earbon, 
hydrogen, oxygen, nitrogen, and phosphorns. The two elasses of nneleie aeid 
moleenles are deoxyribonucleic (dè-oks-è-ri-bó-noo-KLÀ-ik) aeid, or DNA, 
and ribonucleic (ri-bó-noo-KLÀ-ik) aeid, or RNA. The primary role of nneleie 
aeids is to store and transfer information, speeifieally, information essential to 
eellnlar protein synthesis. A nneleie aeid eonsists of one or two long ehains of 
subunits that are formed by dehydration synthesis. The individnal subunits of a 
nneleie aeid are ealled nucleotides. 



A typieal nucleotide eonsists of a phosphate group, a 5C sugar 
(deoxyribose or ribose), and an organie moleenle known as a 
nitrogenons base that may be either a purine or a pyrimidine. 
Adenosine monophosphate (AMP) is an example of a nneleotide that 
you have already eneonntered. 


Phosphate 

group 


Sugar 



Nitrogenous 
base (pyrimidine) 


2 


The phosphate and sugar of adjaeent nneleotides ean be strung 


together by dehydration synthesis, ereating the long ehains that 
eomprise fnnetional nneleie aeids. The “baekbone” of this moleenle is 
a linear sngar-to-phosphate-to-sngar sequence, with the nitrogenons 
bases projeeting to one side. In both DNA and RNA, this sequence of 
nitrogenons bases earries the information for protein synthesis. 


OH 




SYNTHESIS 





OH 



Nìtrogenous bases 


The purines adenìne and guanìne are found in both 
DNAand RNA. 



Adenine 




Guanine 



There are three important pyrimidines. DNA and RNA 
both eontain eytosìne. Thymine is found only in DNA, 
and uracil is found only in RNA. 




Thymine 
(DNA only) 



Llraeil 
(RNA only) 
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A eomparíson of DNA wìth RNA 

eharaeterìstìe 

DNA 

RNA 

Sugar 

Deoxyribose 

Ribose 

Nìtrogenous bases 

Adenine (A), guanine (G), eytosine (C), thymine (T) 

Adenine, guanine, eytosine, uracil (U) 

Number of nucleotìdes 
ìn typìeal molecule 

Always more than 45 million 

Varies from fewer than 100 to about 50,000 

Molecular shape 

Paired strands eoiled in a double helix 

Varies with hydrogen bonding along the length of the strand 
of eaeh of the three main types (mRNA, tRNA, rRNA) 

Functìon 

Stores genetie information that eontrols protein 
synthesis 

Performs protein synthesis as direeted by DNA 


A DNA molecule eonsists of a pair of nucleotide ehains. Hydro- 
gen bonding between opposing nitrogenons bases (a purine on 
one strand and a pyrimidine on the other) holds the two strands 
together. The shapes of the nitrogenons bases allow adenine to bond 
only to thymine, and eytosine to bond only to gnanine. As a result, the 
eombinations adenine-thymine (A-T) and eytosine-gnanine (C-G) 
are known as eomplementary base pairs, and the two nneleotide 
ehains of the DNA moleenle are known as eomplementary strands. 




CH 


T 




Thymine 


( 


Hydrogen bond 


The two strands of DNA twist 
around one another in a 
double helix that resembles a 
spiral stairease. 


Hydrogen bond 



) 



Phosphate group 


CH2 



Deoxyribose 


DNA strand 1 



DNA strand 2 



^ _ / 

’ Ýi 



NHn- 

/ 


0 

i 









o- 


H^N 


eytosine , 

f 

Guanine I 


© 





D 



CH2 




4 


A moleenle of RNA eonsists of a 


single ehain of nneleotides. Its shape, 
and thus its function, depends on the order 
of the nneleotides and the interaetions 
among them. Our eells have three types of 
RNA: (1) messenger RNA (mRNA), (2) 
transfer RNA (tRNA), and (3) ribosomal 
RNA (rRNA). Their speeifie hmetions will 
be disenssed in Ghapter 3. 


Single-strand 

sugar-phosphate 

baekbone 



Nitrogenous 

bases 


Modnle 2.20 Revìew 


a. Deseribe nucleicacids. 

b. A largeorganie moleculecomposed 
of ribose, nitrogenous bases, and 
phosphate groups is which kind of 
nucleicacid? 

e. Explain how the eomplementary 
strands of DNA are held together. 


(S) 2.20 Gompare and eontrast the structures and functions of DNA and RNA. 
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SECTION 4 Revíew 

L 


Concept map 

Use eaeh of the follovving terms onee 
to fill in the blank boxes to eorreetly 
eomplete the organie compounds 
eoneept map. 

• lipids 

• earbohydrates 

• nucleic aeids 

• disaeeharides 
.RNA 

• fatty aeids 

• phosphate groups 

• glyeerol 

• polysaeeharides 

• proteins 

• monosaeeharides 

• ATP 

• amino aeids 

• DNA 

• nucleotides 





1 







inelade 


I 



2 







eon tain 



eomposed oftwo 

I 



4 







Organìe Compounds 




5 







inelade 






8 






eomposed of 



10 







inelade 


i 


ì 



11 


S 

12 





eomposed of 

i 



6 









eomposed of 

y 



9 








eomposed of 


i 



13 







y 

High-energy 

compounds 

inelade 


i 



14 







eomposed of 


Nucleotide 



and 

I 



15 






0<E) 


Vocabulary 

In the spaee provided, vvrite the boldfaeed terms introduced in this seetion that eontain the indieated vvord part. 


16 

poly- (many) 


16 




17 

tri- (three) 


17 


18 

di- (two) 


18 




19 

glyeo- (sugar) 


19 


Matehìng 


Mateh eaeh lettered term vvith the most elosely related deseription. 


a. monosaeeharide 

b. ATP 

e. polyunsaturated 

d. glyeerol 

e. eholesterol 

f. isomers 

g. glyeogen 

h. aetive site 

i. nucleotide 

j. RNA 

k. peptide 


20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 


Polysaeeharide vvith an energy-storage role in animal tissues 
Molecules vvith same ehemieal formula but different structure 
A fatty aeid vvith more than one C-to-C double eovalent bond 
The region of an enzyme that binds the substrate 
Three-earbon molecule that eombines vvith fatty aeids 
A steroid essential to plasma membranes 

A high-energy compound eonsisting of adenosine and three phosphate groups 
A nucleic aeid that eontains the sugar ribose 

The eovalent bond betvveen the carboxylic aeid and amino groups of adjaeent amino aeids 
Organie molecule eonsisting of a sugar, a phosphate group, and a nitrogenous base 
A simple sugar 


20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 
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CHAPTER 2 REVIEVV • Chemical Levelof Organization 


Study Outlìne 


SEGTION 1 • Atomsand Molecules 

V___ 


SEGTION 2 • ehemkal Reaetíons 

V___ 



Atoms and molecules are the basìe partìeles of 
matter p. 43 


1 . Matter is anything that has mass and occupies spaee. 
Mass is the amount of material in matter. 

2. Atoms are the smallest stable units of matter.They 
are eomposed of subatomìc partíeles, ealled protons, 
neutrons and eleetrons. Protons and neutrons reside 
in the nucleus. Eleetrons whirl around the nucleus, 
forming an eleetron cloud. A molecule forms when 
atoms interaet to form larger, more complex 
structures. 



Typìeal atoms eontaln protons, neutrons, and 
eíeetrons p. 44 


3. The number of protons in an atom is known as the atomìe 
number. The total eombined number of protons and 
eleetrons in an atom is its mass number. Isotopes are 
atoms of the same element whose nuclei eontain different 
numbers of neutrons 

4. Eleetrons occupy an orderly series of energy levels, also 
ealled eleetron shells. 



Eleetrons occupy varlous energy levels 



5. The eleetrons in the outermost energy level, or valenee 
shell, determine the ehemieal property of an element. 

6. Reaetìve elements have atoms with an unfilled outermost 
energy level. Inert elements have fìlled outermost energy 
levels and are also ealled noble gases. 


7. An ion is an atom with an eleetrieal eharge. A eatìon 
has a positive eharge. An anìon has a negative 
eharge. 



The most eommon ehemìeal bonds are ionie bonds and 
eovalent bonds p. 48 


8. lonie bonds are formed by the eleetrieal attraetion 
between eations and anions. 

9. Atoms that share eleetrons to eomplete their outer 
eleetron shells ereate eovalent bonds. A sharing of 
one pair of eleetrons is a sìngle eovalent bond. A 
sharing of two pairs is a double eovalent bond. A bond 
with unequal sharing of eleetrons is a polar eovalent 
bond. 



Matter may exist as a solid, a liquid, or a gas 



10. Solids maintain their volume, liquids have a eonstant 
volume but no fixed shape, and gases have neither 
eonstant volume nor a fìxed shape. 

11. VVater is the only substance that occurs as a solid, liquid, or 
gas at temperatures eonsistent with life. 

12. A hydrogen bond is a weak attraetive foree between polar 
molecules, and gives water many of its properties, such as 

surface tensíon. 



ehemieal reaetions and energy transfer are essential to 
cellular f unctions p. 53 

13. A ehemieal reaetion occurs when reaetants are rearranged 
to form one or more products. Metabolìsm is all the 
ehemieal reaetions in the body. 

14. Work is the movement of an objeet or a ehange in the 
physieal structure of matter. Energy is the eapaeity 

to perform work. Kìnetìe energy is energy in motion. 

Potentíal energy is stored energy. 



Ghemieal notation is a eoneise method of deseribing 
ehemieal reaetions p. 54 


15. The rules of ehemíeal notatíon are used to deseribe 
ehemieal reaetions. 


16. A mole (abbreviated as mol) is a quantity with a weight in 
grams equal to an element's atomie weight. 



grams 





□ 


grams 


5 


tr nn 

\ / 

í nn ì 

io.uu , 

\ / 

I.UU . 



One mole ofa given 
element always eontains 
the same namber ofatoms 
as one mole ofany other 
eiement. 


17. The molecular weíght of a molecule or compound is the 
sum of the atomie weights of its eomponent atoms. 



Three basie types of ehemieal reaetions are important for 
understanding physiology p. 56 


18. A ehemieal reaetion is elassified as a deeomposìtíon, a 
synthesís, or an exchange reaetìon. 

19. In hydrolysìs, one of the bonds in a complex molecule is 
broken and the eomponents of a water molecule are added 
to the resulting fragments. Deeomposition reaetions within 
the body's eells and tissues are ealled eatabolìsm. 

20. Dehydratíon synthesìs is the formation of a complex 
molecule by the removal of a water molecule.The 
synthesis of new molecules within the body's eells and 
tissues is ealled anabolìsm. 

21. At equìlìbríum, the rates at which the two reaetions 
proeeed are in balanee. 



Enzymes lower the aetivation energy requirements of 
ehemieal reaetions p. 58 


22. Aetìvatíon energy is the amount of energy required 
to start a ehemieal reaetion. Enzymes are eatalysts, 
compounds that speed up ehemieal reaetions 
without themselves being permanently ehanged or 
consumed. Enzymes promote ehemieal reaetions, or 
metabolìe pathways, by lowering the aetivation energy 
requirements. 
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CHAPTER 2 REVIEVV • Chemícal Level of Organízation (continued) 


23. Exergonìc reaetions release energy; endergonìe reaetions 
require more energy than is released. 

24. Metabolites are molecules that ean be synthesized or 
broken down by ehemieal reaetions inside our bodies. 
Nutrìents are the essential metabolites obtained from the 
diet. Nutrients and metabolites ean be broadly eategorized 
as either organìe or ìnorganíe compounds. 


P Garbohydrates eontaìn earbon, hydrogen, and oxygen, 
usually ìn a 1:2:1 ratìo p. 68 

32. The three major types of earbohydrates are 

monosaeeharìdes (simple sugars), dísaeeharìdes, and 
polysaeeharìdes. Disaeeharides and polysaeeharides form 
from monosaeeharides by dehydration synthesis. 


2.14 


SEGTION 3 * Water in the Body 



Water has several ìmportant propertìes 



25. VVater is the most important substance in the body.The 
important properties of water are lubrication, reaetivity, 
high heat eapaeity, and solubility. 



4 remarkable namber 
ofinorgank and organie 
moleeales will dissolve 
in water. The individaal 
partieles beeome dispersed 
within the water, and the 
resalt is a solation—a 
aniform mixture oftwo or 
more substances. 



Physìologìeal systems depend on water p. 62 

26. Many inorganie compounds, ealled eleetrolytes, undergo 
dissoeiation, or ionization, in water to form ions. 

27. Molecules that interaet readily with water molecules 
are ealled hydrophilie; those that do not are ealled 

hydrophobie. 

28. A solution eontaining dispersed proteins or other large 
molecules is ealled a eolloid, and these partieles will 
remain in solution indefinitely. A suspension eontains 
large partieles in solution but if undisturbed will settle out 
due to gravity. 



Regulatìon of body fluìd pH ìs vìtal for homeostasìs 



29. The pH of a solution indieates the eoneentration of 
hydrogen ions (H'*') it eontains. Solutions are elassified as 
neutral, aeidie, or basie (alkaline) on the basis of pH. An 
aeid releases hydrogen ions in solution; a base removes 
hydrogen ions from a solution. 

30. A salt is an eleetrolyte whose eation is not a hydrogen 
ion (H"^) and whose anion is not a hydroxide ion (OH“). 
Buffers remove or replaee hydrogen ions in solution. 
Buffer systems maintain pH within normal limits. 



SEGTION 4 • Organie Compounds 



All organìe compounds eontaìn earbon and hydrogen 
atoms p. 67 

31. Although organie compounds are diverse, eertain 

groupings of atoms ealled functional groups repeatedly 
occur.The important functional groups are amino groups, 
carboxyl groups, hydroxyl groups, and phosphate 
groups. 



Lìpìds often have a earbon-to-hydrogen ratìo of 1:2 



33. Fatty aeids are long earbon ehains with hydrogen atoms 
attaehed. Fatty aeids ean be saturated or unsaturated 
fatty aeids. 

34. Long ehains of fatty aeids ean be strung together by 
glyeerol, resulting in a lipid known as a glyeeride. 



Eìeosanoìds, steroìds, phospholìpìds, and glyeolìpìds have 
dìverse functìons p. 72 


35. Structural lipids form and maintain intracellular and plasma 
membranes. Four elasses of lipids are eieosanoids, steroids, 
phospholipids, and glyeolipids. 



Proteìns are formed from amìno aeìds 



36. Proteins are formed by 20 different amino aeids arranged in 
long ehains and complex shapes. The four levels of protein 
structure are primary structure (amino aeid sequence), 
seeondary structure (amino aeid interaetions by hydrogen 
bonds), tertiary structure (complex eoiling and folding), and 
quaternary structure (formation of protein complexesfrom 
individual subunits). 



Proteins ean have up to fourlevels ofstructural complexity. Hydrogen 
bonding in this seeondary structure forms an alpha helix. 


2.18 


Enzymes are proteìns wìth ìmportant regulatory 
functìons p. 76 

37. The reaetants in an enzymatie reaetion, ealled substrates, 
interaet to yield a product by binding to the enzyme's aetive 
site. Eaeh enzyme eatalyzes only one type of reaetion, a 
eharaeteristie ealled speeifìeity. 



Hìgh-energy compounds may store and transfer a portìon 
of energy released durìng enzymatìe reaetìons p. 77 


38. Cells store and transfer energy in the high-energy bonds of 
high-energy compounds.The most eommon high-energy 
compound is adenosine triphosphate (ATP). 

39. ATP formation begins by adding a phosphate group to 
adenosine,forming adenosine monophosphate (AMP). 
Additional energy is required to attaeh a seeond phosphate 
group to form adenosine diphosphate (ADP). Even more 
energy is required to attaeh a third phosphate group to form 
ATP. 


2.20 


r 


DNA and RNA are 


nucleìc aeìds 



40. Nucleic aeids are ehains of nucleotides. Eaeh nucleotide 
eontains a sugar, a phosphate group, and a nitrogenous 
base.The sugar is ribose in RNA and deoxyribose in DNA. 
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DNA is a two-stranded double helix eontaining the 
nitrogenous bases adenìne, guanìne, eytosìne, and 
thymìne. RNA eonsists of a single strand and it eontains 
uracìl instead of thymine. 

A DNA molecule eonsists of a pair of nucleotide ehains. 
Hydrogen bonds hold together opposing nitrogenous 
bases.The eomplementary strands eombine by means of 

eomplementary base paírìng: adenine-thymine (A-T) and 
cytosine-guanine (C-G). 

43. Human eells eontain three types of RNA: messenger RNA 
(mRNA), transfer RNA (tRNA), and rìbosomal RNA (rRNA) 


ehapter Revíew Questíons 


IVIultíple ehoìee 


A DNA molecule eonsists 
ofa pair ofnucleotide 
ehains. Hydrogen 
bonding between 
opposing nitrogenoas 
bases holds the two 
strands together. 
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Seleet the eorreet answer from the list provided 



If a polypeptide eontains 10 peptide bonds, how many amino 
aeids does it eontain? 


□ a)9 

□ b)10 

□ c)11 

□ cl)12 



A dehydration synthesis reaetion between glyeerol and a single 
fatty aeid would yield a(n) 

Q a) mieelle. 

Q b) omega-3 fatty aeid. 

Q e) monoglyeeride. 

Q d) diglyeeride. 



An atom of calcium has 20 protons and 20 neutrons. What is its 
atomie number? 

□ a)10 

□ b)20 

□ c)40 

□ d)60 



In an exergonic reaetion, 

Q a) large molecules are broken down into smaller ones. 

Q b) small molecules are assembled into larger ones. 

Q e) molecules are rearranged to form new molecules. 

Q d) molecules move from reaetants to products and baek. 
Q e) energy is released during the reaetion. 



The hydrogen bonding that occurs in water is responsible for all 
of the following, except 

Q a) the high boiling point of water. 

Q b) the low freezing point of water. 

Q e) the ability of water to dissolve nonpolar substances. 

Q d) the ability of water to dissolve inorganie salts. 

Q e) the high surface tension of water. 



The subatomic partiele with the least mass 

Q a) earries a negative eharge. 

Q b) earries a positive eharge. 

Q e) plays no part in the atom's ehemieal reaetions. 
Q d) is found only in the nucleus. 



A(n) _forms when atoms interaet to produce larger, 

more complex structures. 

Q a) isotope 
Q b) enzyme 
Q e) molecule 
Q d) nucleus 



Isotopes of an element differ from eaeh other in the number of 

Q a) protons in the nucleus. 

Q b) neutrons in the nucleus. 

Q e) eleetrons in the outer shells. 

Q d) a, b, and e are all eorreet. 



The number and arrangement of eleetrons in an atom's outer 
energy level determine the atom's 

Q a) atomie weight. 

Q b) atomie number. 

Q e) molecular weight. 

Q d) ehemieal properties. 



A_is a quantity with a weight in grams equal to an 

element's atomie weight. 

Q a) mole 
Q b) molecule 
Q e) compound 
Q d) synthesis 
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CHAPTER 2 REVIEVV • Chemícal Level of Organízation (continued) 



Energy in motion is ealled 

Q a) end product. 

Q b) kinetie. 

Q e) transfer work. 

Q d) potential. 



All organie compounds in the human body eontain all of the 
following elements except 
Q a) hydrogen. 

Q b) oxygen. 

Q e) earbon. 

Q d) calcium. 



All the ehemieal reaetions that occur in the human body are 
eolleetively referred to as 
Q a) anabolism. 

Q b) eatabolism. 

Q e) metabolism. 

Q d) homeostasis. 



A pH of 7.8 in the human body typifies a eondition referred to as 
Q a) aeidosis. 

Q b) alkalosis. 

Q e) dehydration. 

Q d) homeostasis. 



A(n)_is a solute that dissoeiates to release hydrogen 

ions, anda(n) _is a solute that removes hydrogen 

ions from solution. 

Q a) base, aeid 

Q b) salt, base 

Q e) aeid, salt 

Q d) aeid, base 



Speeial organie eatalysts that eontrol ehemieal reaetions in the 
human body are ealled 
Q a) enzymes. 

Q b) eytozymes. 

Q e) eofaetors. 

Q d) aetivators. 

Q e) eytoehromes. 



Gomplementary base pairing in DNA includes the pairs 
Q a) adenine-uracil and cytosine-guanine. 

Q b) adenine-thymine and cytosine-guanine. 

Q e) adenine-guanine and eytosine-thymine. 

Q d) guanine-uracil and eytosine-thymine. 



When the energy stored in ATP is released, it is broken down into 
Q a) adenosine + energy. 

Q b) AMP + P + energy. 

Q c)P + P + P + energy. 

Q d) ADP + P + energy. 


Short answer 



What are the three stable subatomic partieles in atoms? 



What four major elasses of organie compounds are found in the 
body? 



List three functions performed by lipids in the body. 



Explain the differenees among nonpolar eovalent bonds, polar 
eovalent bonds, and ionie bonds. 



An organie molecule has the following constituents: earbon, 
hydrogen, oxygen, nitrogen, and phosphorus. Is the molecule 
more likely to be a earbohydrate, a lipid, a protein, or a nucleic 
aeid? 


22 

23 

24 

25 


Identify the structural eharaeteristies of a protein. 

a) What three eomponents make up a nucleotide of DNA? 

b) What three eomponents make up a nucleotide of RNA? 

Explain how enzymes function in ehemieal reaetions. 

What is a salt? How does a salt differ from an aeid or a base? 



Explain how an inseet ean walk aeross the top of a pond without 
falling through the surface. 



A student eats a dinner of tomato salad with vinegar dressing 
and a glass of wine. Shortly thereafter he eomplains of an upset 
stomaeh. Gonsidering what you know about pH and foods, 
ean you prediet why his stomaeh is upset? Could you give any 
suggestions as to the kinds of foods he could eat to alleviate his 
symptoms? 


Sketehìng exercíse 



An oxygen atom has eight protons. a) Sketeh in the arrangement of eleetrons around 
the nucleus of the oxygen atom. b) How many more eleetrons will it take to fill the 
outermost energy level? 



Oxygen atom 
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Aeeess more ehapter study tools online in the MasteringA&P Study Area: 

■ ehapter Quízzes, Ghapter PraetieeTest, Art-labeling Aetivities, 
Anímatíons, MP3 Tutor Sessions, and Glínieal Case Studies 
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■ Praetiee Anatomy Lab 

PAL 

■ interaetive Physiology 
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■ A&P Flix 

AáPFiÌJí 

■ PhysioEx 

PhysioEx 




ehapter Integratíon • Applyíng what you have learned 


The ehemístry of an after-dínner drínk 


eiaire has just graduated eollege and her mother, Leslie, takes her to Italy as 
a graduation present. In Tnseany they enjoy a meal of vegetables, pasta, and 
lean meats at Massimo s family-owned osteria (a simple restanrant). Massimo 
provides his enstomers, loeals and tonrists alike, a enlinary experience rieh in 
cultural tradition. He takes pride in serving dinner slowly and offering dishes 
that are prepared simply and featnre fresh ingredients. 

When the women have finished their meals, Massimo offers them a 
digestivo, explaining that this after-dinner drink is part of the dining experience 
and neeessary for proper digestion. Leslie orders an anise-flavored liqueur 
ealled sambuca, while Glaire requests an amaro, a bitter, herbal drink. The two 
slowly sip their spirits and enjoy the flavorfnl end to their meal. 

After they finish their drinks, they eontinne to sit and ehat about their 
wonderful dining experience. Leslie eomments that despite having eaten quite a 
bit of food, she doesn t feel overly full. Glaire, while removing her jaeket, agrees 
that her dinner, too, is indeed digesting eomfortably. 

Based on what you have learned about basie ehemistry, answer the 
following questions about this seenario. 





If Massimo's digestivo was responsible for the women's assisted digestion, which 
type of ehemieal reaetion is occurring? 

Explaín why eiaire might be removing her jaeket. 

If the digestivo is assisting in the ehemistry of digestion, which type of molecule 
would you prediet to be present in the drink? 

The reaetions faeílítated by the molecules in the digestivo are breakíng down the 
complex molecules of the meals into simpler molecules. IJsing your knowledge of 
organie compounds, identify the simple molecules to which these nutrients will 
be reduced. 
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These Learning 
Onteomes 
eorrespond 
bynnmberto 
this ehapter's 
modnles and 
indieate what 
you should be 
able to do after 
eompleting 
the ehapter. 

V J 


(S) 

Learning Onteomes 
arerepeated atthe 
bottomofeaeh 
module. 
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^ SECTION 1 • lntroduction to Cells 


3.1 

3.3 

T4 

Ts 

3.6 


Deseribe the eell theory and the proeess of cellular differentiation. 

Deseribe the eell and its organelles, including the structure and function of eaeh. 

Deseribe the structural and functional features of the plasma membrane. 

Differentiate among the structures and functions of the eytoskeleton. 

Deseribe the ribosome, smooth and rough endoplasmie reticula, and indieate their 
specificfunctions. 

Deseribe the Golgi apparatus and indieate its speeifie functions. 

Deseribe the structure of a mitoehondrion, and explain the signifieanee of mitoehondria 
to cellularfunction. 


^SECTION2 


Structure and Functíon of the Nucleus 


3.8 


3.10 

3 ^ 


Deseribe the role of the nucleus in maintaining homeostasis at the cellular level. 

Deseribe the functions of the eell nucleus, and distinguish betvveen ehromatin and 
a ehromosome. 

Discuss the nature of the genetie eode, and summarize the proeess of protein synthesis. 
Summarize the proeess of transeription. 

Summarize the proeess of translation. 


^SECTION3 


How Substances Enter and Leave the Cell 


3.13 


w 


Gontrast permeable, seleetively permeable, and impermeable membranes. 



3.14 


3.15 


3.16 


3.17 


3.18 


3.19 


3.20 


3.21 


SECTION 4 * Cell Lìfe Cycle 


w 


Distinguish betvveen interphase and eell 
division in the eell eyele. 

Deseribe interphase, and explain its 
signifieanee. 

Deseribe the proeess of mitosis, and its role in 
the eell life eyele. 

Discuss the relationship betvveen eell division and eaneer. 


w 


Explain the proeess of diffusion, and identify its signifieanee 
in the body. 

Explain the proeess of osmosis, and identify its 
signifieanee in the body. 

Deseribe earrier-mediated transport and its 
role in the absorption and removal of speeifie 
substances. 


Deseribe vesicular transport as a 
meehanism for faeilitating the absorption 
or removal of speeifie substances from 
eells. 


























Module 3.1 


SEGTION 1 • lntroductìon to Cells 




Cells dífferentìate for cellular speeialìzatìon 

A typieal eell—the smallest living unit in the human 
body—is only about 0.1 mm in diameter. As a result, no 
one could examine the structure of a eell until relatively effeetive 
mieroseopes were invented in the 17th eentnry. Researeh over 
time has prodneed the eell theory, which is snmmarized below: 




All new eells eome from the dívísíon of pre-existing eells 



Cell 



New eells 


2 


Eaeh eell maintains homeostasis at the eellnlar level, but it 
requires the eombined and eoordinated aetions of many eells 
to aehieve homeostasis at higher levels of organization. Althongh 
eells of the human body vary widely in size, shape, and fnnetion, all 
are the deseendants of a single eell: the fertilized ovum. 


At fertilization, the fertilized 
ovum—which is very 
large—eontains the genetie 
potential to beeome any eell 
in the body. 



Cells are the smallest structural units that earry 
out all vítal physíologíeal functíons. 


Nutrients 



VVastes 


02 


The eytoplasmie differenees affeet the DNA of 
the new eells, tnrning speeifie genes on or off. ^ 
The deseendant, or danghter, eells begin to 
develop speeialized structural and 
fnnetional eharaeteristies. This 
proeess of gradnal speeialization is 
ealled differentiation. 


H 

• 

1*1 

l 1 

g 




Differentiation prodnees the 
speeialized eells that form the 
tissnes of the body. 



Epithelial tissue 


As the first eell divisions occur, 
the new eells do not grow, but 
subdivide the ovum 
eytoplasm into smaller 
pareels. These pareels 
differ from one another 
beeanse there were regional 
differenees in the eomposition 
of the ovum eytoplasm at 
fertilization. 





V 






V 










eonneetive tissue 


Muscle tissue 


Neural tissue 


Modnle 3.1 Revìevv 


a. Deseribetheeell theory. 

b. Identifythe eell from which all eells are deseendants. 
e. Definedifferentiation. 


(S) 3.1 Deseribe the eell theory and the proeess of cellular differentiation. 
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Module3.2 

j 


Cells are the smallest living units of life 

Our body eells are surrounded by a watery medium known as the extracellular 
fluid. The extracellular fluid in most tissnes is ealled interstitial (in-ter-STISH- 
ul) fluid {interstitiumj spaee between eells in a tissue). This module introduces 
the major eomponents of our eells, although not all of these eomponents are 
found in every eell of the body. 


THEGELL 


Extracellular fluid 


A plasma membrane (eell membrane) separates the 
eell eontents, or eytoplasm, from the extracellular fluid. 


Gytoplasm is a general term forthe material loeated betvveen 
the plasma membrane and the membrane surrounding the 
nucleus. It is a eolloid vvith a eonsisteney that varies betvveen 
that of thin maple syrup and almost-set gelatin, and it eontains 
many more proteins than does extracellular fluid. 



The eytoplasm ean be subdivided into 
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Peroxìsoime 

STRUCTURE: Vesieles (membrane-bound 
saes) eontaining degradative enzymes. 
FUNCTION: Breakdovvn of organie 
compounds; neutralization of toxic 


compounds generated in the proeess 


Lysosome 

STRUCTURE: Vesieles eontaining 
digestive enzymes. 

FUNCTION: Breakdovvn of organie 
compounds and damaged 


organelles or pathogens 



Plasma 

membrane 


eytoskeleton 

STRUCTURE: Proteins organized in fine filaments 
or slender tubes; organizing eenter loeated at 
the eentrosome, a eytoplasmie region that 
eontains a pair of eentrioles. 

FUNCTION: Strengthens and supports eell, aids 
in movement of cellular structures and materials 


Mìtoehondríon 

STRUCTURE: Double 
membrane, vvith inner 
membrane folds enelosing 
important metabolie enzymes. 
FUNCTION: Produces 95% of 
the ATP required by the eell 


Mìerovìllí 

STRUCTURE: Membrane extensions 
eontaining mierofilaments. FUNCTION: 
inerease surface area to faeilitate 
absorption of extracellular materials 


Golgí apparatus 

STRUCTURE: Staeks of flattened 
membranes (eisternae) eontaining 
ehambers. FUNCTION: Stores, alters, and 
paekages synthesized products 


Nucleus 

STRUCTURE: Afluid nucleoplasm 
eontaining enzymes, proteins, DNA, and 
nucleotides; surrounded by a double 
membrane, the nuclear envelope. 
FUNCTION: Controls metabolism, stores 
and proeesses genetie information, 
eontrols protein synthesis 


Endoplasmíe retìculum (ER) 

STRUCTURE: Netvvork of membranous 
sheets and ehannels extending 
throughout the eytoplasm. FUNCTION: 
Synthesis of seeretory products; 
intracellular storage and transport; 
detoxification of drugs or toxins 

• Smooth ER, vvhieh has no attaehed 
ribosomes, synthesizes lipids and 
earbohydrates. 

• Rough ER, vvhieh has ribosomes 
bound to the membranes, modifies 
and paekages nevvly synthesized 
proteins. 


Ríbosomes 

STRUCTURE: RNA and proteins; fixed 
ribosomes bound to rough ER, free 
ribosomes seattered in eytoplasm. 
FUNCTION: Protein synthesis 


Modyle 3.2 Revìew 


a. Distinguish betvveen the eytoplasm 
and eytosol. 

b. Identifythe membranous organelles 
and deseribe their functions. 

e. Describethefunctionsofthe 
eytoskeleton. 


(S) 3.2 Deseribe the eell and its organelles, including the structure and function of eaeh. 
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Module3.3 

j 


The plasma membrane isolates the eell from its 
environment and performs varied fonetions 



EXTRACELLULARFLUID 


Perìpheral proteíns are bound to the inner or 
outer surface of the membrane and (like Post-it 
notes) are easily separated from it. Integral proteins 
greatly outnumber peripheral proteins, which may 
have regulatory or enzymatie functions. 


eYTOPLASM 


Glycocalyx 

(extracellular 

earbohydrates) 


Integral protein 
with ehannel 


Gytoskeleton 

(mierofilaments) 


Glyeolipid 


Superficial membrane earbohydrates form a layer known as the glycocalyx (glí -kó-KA-liks; 
calyx, cup). Garbohydrates account for about 3 pereent of the weight of a plasma 
membrane.They are eomponents of complex molecules such as proteoglyeans (earbo- 
hydrate with some protein attaehed), glyeoproteins (protein with some earbohydrate 
attaehed), and glyeolipids (lipids with earbohydrates attached).The glycocalyx is important 
in eell reeognition, binding to extracellular structures, and lubrication of the eell surface. 


Integral proteíns are part of the membrane structure and eannot be 
removed without damaging or destroying the membrane. Most 
integral proteins span the width of the membrane one or more times 
and are therefore known as transmembrane proteìns. Some eontain 
pores or ehannels through which water and solutes may pass. 


The plasma membrane is a physieal 
barrier that separates the inside of the 
eell from the surrounding extracellular 
fluid. It is a seleetively permeable barrier 
that eontrols the entry of ions and nutri- 
ents, such as glucose; the elimination of 
wastes; and the release of seeretions. 
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The plasma membrane is extremely thin (6-10 
nm) and very delieate. It is ealled a phospholípíd 
bilayer, beeanse the different phospholipid moleenles in 
it form two layers. In eaeh half of the bilayer, the phos- 
pholipids lie with their hydrophilie heads at the mem- 
brane snrfaee and their hydrophobie tails on the inside, 
just as in a mieelle (Module 2.16, p. 73). The hydropho- 
bie layer in the eenter of the membrane isolates the 
eytoplasm from the extracellular fluid. Such isolation is 
important beeanse the eomposition of eytoplasm is very 
different from that of extracellular fluid. 

Hydrophilie 

heads 


Hydrophobie 

tails 


eholesterol is an innportant eomponent of plasma 
membranes, with almost one eholesterol molecule for eaeh 
phosholipid molecule. Like phospholipid molecules, 
eholesterol is an amphípathíe molecule, which means that it 
has both hydrophobie and hydrophilie portions. Its polar 
hydroxyl group aligns with the hydrophilie heads of the 
phospholipid molecule and its rigid steroid ring and nonpolar 
tail lie within the hydrophobie layer. Gholesterol "stiffens"the 
plasma membrane, making it less fluid and less permeable. 




3 


The general fnnetions of the plasma membrane 
inelnde physieal isolation, regnlation of exchange 


with the environment, sensitivity to the environment, and 
structural support. The lipid bilayer provides isolation, 
and the membrane proteins perform most of the other 
fnnetions. The five major fnnetional elasses of plasma 
membrane proteins are deseribed in the table below. 


Functional dasses of Membrane Proteins 


Anehoríng proteíns attaeh the plasma membrane to 
other structures and stabiliize its position. Inside the eell, 
membrane proteins are bound to the eytoskeleton, a 
network of supporting filaments in the eytoplasm. 


Reeognìtìon proteìns are deteeted by eells of the immune 
system. 


Enzymes in plasma membranes may be integral or 
peripheral proteins. 


Reeeptor proteìns bind to speeifie extracellular molecules 
ealled lìgands (Lì-gandz). A ligand ean be anything from a 
small ion like calcium, to a relatively large and complex 
hormone like insulin. 


earrìer proteìns bind solutes and transport them aeross 
the plasma membrane. 


ehannels are integral proteins eontaining a eentral pore 
(ehannel) that forms a passageway eompletely through 
the plasma membrane.The ehannel permits the passage 
of water and small solutes that eannot otherwise eross the 
lipid bilayer of the plasma membrane. 


Modyle 3.3 Revìew 


a. List the general functions ofthe plasma membrane. 

b. VVhieh structural eomponent ofthe plasma 
membrane is mostly responsible for its ability to 
isolate a eell from its external environment? 

e. VVhieh type of integral protein allows water and small 
ions to pass through the plasma membrane? 


3.3 Deseribe the structural and functional features of the plasma membrane. 
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Module3.4 


r 


The eytoskeleton plays both a 
structural and a functíonal role 

The eytoskeleton functions as the eelFs skeleton. It provides an internal 
protein framework that gives the eytoplasm strength and flexibility. 




The eytoskeleton of all eells includes mierofilaments, 
intermediate filaments, and microtubules. 



Mìerovìllì (singular, mìcrovillus) are finger- 
shaped extensions of the plasma membrane 
of some eells. A eore of mierofilaments 
stiffens eaeh microvillus and anehors it to the 
eytoskeleton at the terminal web. Mierovilli 
greatly inerease the surface area of the eell 
and enhanee its ability to absorb materials 
from the extracellular fluid. 


The smallest of the eytoskeletal elements are 
the mierofilaments.These protein strands 
are generally less than 6 nm in diameter. 
Typieal mierofilaments are eomposed of the 
protein aetin.They are eommon in the 
periphery of the eell, but relatively rare in the 
region immediately surrounding the nucleus. 


Plasma membrane 


The terminal web is a layer of mierofilaments 
just inside the plasma membrane at the 
exposed surface of a eell that forms a layer or 
lining, such as that of the intestinal traet. 


Intermediate filaments, which range from 7 
to 11 nm in diameter, are the strongest and 
most durable eytoskeletal elements. 


IVIicrotubules are the largest eomponents of 
the eytoskeleton, with diameters of about 25 
nm. Microtubules extend outward into the 
periphery of the eell from a region near the 
nucleus ealled the eentrosome. 


Seeretory vesiele 



Mierovilli 


SEM X 30,000 


Mitoehondrion Endoplasmie reticulum 
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This table summarizes the general eomponents of the eytoskeleton. 




The Gytoskeleton 

Structure 

Remarks 

Loeatìon 

Functìons 

Mìerofìlaments 

Present in most eells; best 
organized in skeletal and eardiae 
muscle eells 

In bundles beneath the 
plasma membrane and 
throughout the eytoplasm 

Provide strength, alter eell shape, bind the 
eytoskeleton to the plasma membrane, tie 
eells together, involved in muscle eontraetion 

Intermedìate fìlaments 

Present in most eells; at least five 
types known 

In eytoplasm 

Provide strength, move materials 
through eytoplasm 

Thìekfílaments 

Found in skeletal and eardiae 
muscle eells 

In eytoplasm 

interaet with aetin mierofilaments to 
produce muscle eontraetion 

Mìcrotubules 

Present in most eells 

In eytoplasm radiating 
away from eentrosome 

Provide strength, move organelles 

Gentrìoles 

Nine groups of microtubule 
triplets form a short eylinder 

In eentrosome near 
nucleus 

Organize microtubules in the spindle to 
move ehromosomes during eell division 

eìlìa 

Nine groups of microtubule 
doublets form a eylinder. Motile 
eilia have a eentral pair (9 + 2) 

Extensions of 
plasma membrane 

Multiple motile eilia propel fluids or solids 
aeross eell suface. The single primary cilium of a 
eell deteets environmental stimuli 

Flagella 

Nine groups of microtubule 
doublets form a eylinder around 
a eentral pair (9 + 2) 

Extension of 
plasma membrane 

A flagellum propels sperm 



Gentrioles are eylindrieal 
structures eomposed of short 

4 

eilia (singular, cilium) are long, slender exten- 
sions of the plasma membrane. Mnltiple motile 



microtubules. The microtubules form 
nine groups, three in eaeh group. Eaeh 
of these nine “triplets” is eonneeted to 
its nearest neighbors on either side. 
Two eentrioles are loeated in a region 
known as the eentrosome. During eell 
division, the eentrioles are assoeiated 
with the movement of DNA strands. 
Cells that laek eentrioles, such as red 
blood eells and skeletal muscle eells, 
eannot divide. 


eilia are found on eells lining portions of the respira- 
tory traet and the reprodnetive traet. Motile eilia 
resemble eentrioles but have nine pairs of microtubules 
(rather than triplets) surrounding a eentral pair. The 
microtubules are anehored to a eompaet basal body 
just beneath the eell snrfaee. A primary eilinm laeks a 
eentral pair of microtubules and fnnetions as a sensor 
of a eells surroundings. Flagella {sing,,flagellum) have 
the same microtubule structure as motile eilia, but are 
much longer and beat in a wavelike fashion. The only 
human eell with a flagellnm is a sperm eell. 


Motile eilia beat rhythmi- 
eally to move fluids or 
seeretions aeross the eell 
snrfaee. The eiliated eells lining 
the traehea beat their eilia in 
synehronized waves to move 
stieky mucus and trapped dust 
partieles toward the throat and 
away from delieate respiratory 
snrfaees. 



l\/licrotubules 
in eentriole 




Power stroke 



Return stroke 


Modyle 3.4 Revìew 


a. Listthethree basieeomponents 
oftheeytoskeleton. 

b. VVhieh eytoskeletal eomponent is 
eommon to both eentrioles and 
eilia? 

e. VVhat isthefunction ofeilia? 


3.4 Differentiate among the structures and functions ofthe eytoskeleton. 
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Module3.5 


r 


Rìbosomes are responsíble for proteìn synthesís and 
are often assoeíated wíth the endoplasmíe retlculum 


Ribosomes are the organelles responsible for protein synthesis. The more proteins 
a eell synthesizes, the more ribosomes it has. Liver eells have many; fat eells 
have relatively few. Free ribosomes are seattered throughout the eytoplasm. The 
proteins they manufacture enter the eytosol. Ribosomes synthesizing proteins 
with destinations other than the eytosol beeome temporarily bound, or fixed, to 
the endoplasmie reticulum (ER), a membranous organelle. 



A functional ribosome eonsists of two subunits that are 
normally separate and distinet. These subunits eontain 
speeial proteins and ribosomal RNA (rRNA), one of the RNA 
types introdneed in Module 2.20 (p. 79). Before protein 
synthesis ean begin, large and small ribosomal subunits must 
join together, as shown here. 



Large ribosomal 
subunit 


Small ribosomal 
subunit 


2 


The endoplasmie reticulum (en-dó-PLAZ-mik 


re-TIK-u-lum), or ER, is a network of intraeellnlar 
membranes continuous with the nuclear envelope, which 
surrounds the nucleus. 


Nuclear 

envelope 


The ER forms hollow tubes, 
flattened sheets, and ehambers 
ealled eìsternae (sis-TUR-nè; 
singular, eisterna, a reservoir for 
water). 



3 


The smooth endoplasmie reticulum, or SER, 

laeks ribosomes, and the eisternae 


are often tubular. 


Tubular 

eisternae 




The Functlons of the SER 


• Synthesize the phospholipids and eholesterol 
needed for maintenanee and growth of the plasma 
membrane, ER, nuclear envelope, and Golgi 
apparatus 

• Synthesize steroid hormones, such as androgens 
and estrogens (the dominant sex hormones in 
males and in females, respeetively) in the reproduc- 
tive organs 

• Synthesize and store glyeerides, espeeially triglyeer- 
ides, in liver eells and fat eells 


• Synthesize and store glyeogen in skeletal muscle 
eells and liver eells 
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The rough endoplasmìe 
reticulum (RER) 


functions as a eombination 
workshop and shipping 
warehouse. It is where many 
newly synthesized proteins 
are ehemieally modified and 
paekaged for export to their 
next destination, the Golgi 
apparatns, deseribed in the 
next module. 



eisternae 


Fìxed rìbosomes are 

attaehed to the rough 
endoplasnnie reticulum 
(RER). Proteins manufac- 
tured byfixed ribosomes 
enter the eisternae of the 
RER. 



As a polypeptide is 
synthesized on a 
ribosome, the growing 
ehain enters the 
eisterna of the RER. 


The polypeptide 
assumes its seeond- 
ary and tertiary 
structure. 


The eompleted protein 
may beeome an enzyme 
or a glyeoprotein. 


Glyeoproteins, proteins, 
and enzymes are 
paekaged in transport 
vesìeles. 


Transport vesieles deliver 
proteins, enzymes, and 
glyeoproteins to the 
Golgi apparatus. 


The amount of endoplasmie reticulum and the 
proportion of RER to SER vary with the type of eell 
and its ongoing aetivities. For example, panereatie 
eells that manufacture digestive enzymes eontain an 
extensive RER, but their SER is small. The situation 
is just the reverse in reprodnetive system eells that 
synthesize steroid hormones. 


IVIodule 3.5 Revìew 


a. Deseribe the immediate cellular destinations 
of newly synthesized proteins from free 
ribosomes and fixed ribosomes. 

b. Deseribe the structure ofsmooth endoplasmie 
reticulum. 

e. Why do eertain eells in the ovaries and testes 
eontain large amounts of smooth endoplasmie 
reticulum (SER)? 


3.5 Deseribe the ribosome, smooth and rough endoplasmie reticula, and 
indieate their speeifie functions. 
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Module3.6 


r 


The Golgi apparatos ís a paekaging eenter 

The Golgi apparatas, or Golgi complex, (1) renews 
or modifies the plasma membrane; (2) modifies 


and paekages seeretions, such as hormones or 
enzymes, for release outside the eell through 
a transport proeess ealled exocytosis; and (3) 
paekages speeial enzymes within vesieles for use 
in the eytosol. 




The Golgi apparatus typieally eonsists of five or 
six flattened membranous dises ealled eisternae. A single eell may 
eontain more than one Golgi apparatus, typieally loeated near the nucleus. 


* .'ív 


«1 


Extracellular 

fluid 



Membrane renewal 


Seeretion 


Enzymes for eytosol 


Membrane renewal 
vesìeles add to the surface 
area of the plasma 
membrane. At the same 
time, other areas of the 
plasma membrane are being 
removed and reeyeled. So, 
the Golgi apparatus ean 
ehange the properties of the 
plasma membrane, which 
ean profoundly alter the 
sensitivity and functions of 
the eell. 



Start 



Seeretory 
vesieles eontain 
products that will 
be diseharged 
from the eell by 
exocytosis. In this 
proeess, vesieles 
fuse with the 
plasma membrane 
and empty their 
eontents into the 
extracellular 
environment. 


Lysosomes (Lì-só-sómz; 
/yso-, a loosening -i- soma, 
body) are speeial vesieles 
that provide an isolated 
environment for 
potentially dangerous 
ehemieal reaetions.These 
vesieles, produced by the 
Golgi apparatus, eontain 
digestive enzymes 
whose varied functions 
are deseribed on the 
faeing page. 




Dltimately, the product arrives at the trans faee 
("shipping"side), which is usually oriented toward the 
free surface of the eell. 




Small transport vesieles return resident Golgi proteins to 
eisternae of the eis faee for reuse. 



Further modifieation and paekaging occur as the eisternae 
migrate to the trans faee. 




l\/lultiple transport vesieles eombine to form eisternae on 
the eis faee. Inside the Golgi apparatus, enzymes modify 
the arriving proteins and glyeoproteins. For example, the 
enzymes may ehange the earbohydrate structure of a 
glyeoprotein, or they may attaeh a phosphate group, 
sugar, or fatty aeid to a protein. 






Some proteins and glyeoproteins synthesized in the rough 
endoplasmie reticulum (RER) are delivered to the Golgi 
apparatus by transport vesìeles. The vesieles generally 
arrive at a eisterna known as the eis faee ("receiving"side). 


Membrane 

renewal 


Gytosol 


Seeretíon 


Enzymes 
for eytosol 
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Cells often need to break down and reeyde large organie moleenles, and even 
complex strnetnres like organelles. The breakdown proeess requires powerful 


enzymes and often generates toxic ehemieals that could damage or kill the eelL 
Lysosomes isolate those ehemieal reaetions from the rest of the eytoplasm. The 
three basie fnnetions of the lysosomes are shown below. 


VVaste products and debris are ejeeted fronn the eell 
when the vesiele fuses with the plasma membrane. 



Vesieles eontaining fluids or solids may 
form at the surface of the eell 


Extracellular 
solid or fluid 


Lysosomal enzymes 
are aetivated by 
fusion with 
another vesiele 
or organelle 





As digestion 


Lysosomes 
initially eontain 
inaetive 
enzymes. 


occurs, nutrients 
are reabsorbed for 
reeyeling. 


□ 



As the materials 
or pathogens are 
broken down by 
lysosomal enzymes, 
released nutrients 
are absorbed. 


ti 



apparatus 


Function 1: A lysosome 
may fuse with the mem- 
brane of another organelle, 
such as a mitoehondrion. 
This aetivates the enzymes 
and begins the digestion 
of the lysosomal eontents. 


Function 2: A lysosome may 
also fuse with a vesiele 
eontaining fluids or solids 
from outside the eell. 


Function 3:The lysosomal membrane may 
break down following injury to, or death of, 
the eell.The digestive enzymes beeome aetive 
and then attaekthe eytoplasm in a destructive 
proeess known as autolysìs. For this reason, 
lysosomes are sometimes ealled "suicide 
paekets." 


With the exception of mitoehondria, all membranous organelles in the 
eell are either intereonneeted or in communication throngh the move- 
ment of vesieles. This continuous movement and exchange is ealled 
membrane flow. In an aetively seereting eell, an area equal to the entire 
membrane snrfaee may be replaeed eaeh hour, Membrane flow is an 
example of the dynamie nature of eells. It gives eells a way to ehange the 
eharaeteristies of their plasma membranes—the lipids, reeeptors, 
ehannels, anehors, and enzymes—as they grow, mature, or respond to a 
speeifie environmental stimulus. 


Modyle 3.6 Revìew 


a. List the three major functions ofthe 
Golgi apparatus. 

b. The Golgi apparatus produces 
lysosomes. VVhat do these lysosomes 
eontain? 

e. Deseribe three functions of lysosomes. 


(S> 3.6 Deseribe the Golgi apparatus and indieate its speeifie functions. 
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Module3.7 


r 


Mìtoehondria are the powerhouses of the eell 

The eells of all living things require energy to earry out the functions 
of life. The organelles that prodnee energy are the mitoehondria 

(mi-tó-KON-drè-uh; singular, mitoehondrion; 



mitos, thread + ehondriorij grannle). 




A mitoehondrion has an 
unusual double membrane. 


The outer membrane 
surrounds the organelle. 


Organie molecules 

and O 



The inner membrane 
eontains numerous 
folds ealled erìstae. 


The imatrìx is the 
liquid enelosed by 
the inner membrane. 


Enzymes 


Gristae inerease the membrane surface area in 
eontaet with the matrix and the number of 
attaehed protein complexes and enzymes 
involved in making ATP from ADP and P (p. 77). 
Metabolie enzymes in the matrix eatalyze 
reaetions that release earbon dioxide and provide 
some additional energy for cellular functions. 


Matrix 


Mitoehondrial 

ribosomes 


Gristae 


Gytoplasm 



Mitoehondria vary widely in shape, from long and 
slender to short and fat. All share the basie structural 
featnres shown here. The number of mitoehondria in a given 
eell varies with the eells energy demands. These organelles 
may aeeonnt for 30 pereent of the volume of a heart muscle 
eell, yet are absent in red blood eells. Mitoehondria eontain 
their own DNA (mtDNA) and ribosomes. The mtDNA 
eodes for small nnmbers of RNA and polypeptide 
moleenles. The polypeptides are used in enzymes required 
for energy prodnetion. Althongh mitoehondria eontain their 
own genetie system, their fnnetions depend on imported 
proteins eoded by nnelear DNA. 



Mìtoehondrìon 


TEM X 50,000 
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Most eells generate ATP and other high-energy eomponnds as they 
break down earbohydrates, espeeially glneose. The major steps in 
the proeess are shown here. 




Although most ATP production 
occurs inside mitoehondria, the 
first steps take plaee in the 
eytoplasm. In this reaetion 
sequence, ealled glyeolysìs 
(glyeos, sugar + -lysis, a loosening), 
eaeh glucose molecule is broken 
down into two molecules of 
pyruvate.The mitoehondria then 
absorb the pyruvate molecules. 




GYTOPLASM 



t 


t 


In the mitoehondrial matrix, a GO^ 
molecule is removed from eaeh absorbed 
pyruvate molecule.The remainder enters 
the eitrie aeid eyele, orTGA (tricarboxylic 
aeid) eyele, an enzymatie pathway that 
systematieally breaks down the absorbed 
pyruvate remnant into earbon dioxide 
and hydrogen atoms.The earbon dioxide 
molecules diffuse into the eytoplasm. 



The energy released during 
these steps indireetly 
supports the enzymatie 
eonversion of ADP to ATP. 
The ATP then leaves the 
mitoehondrion. 


The hydrogen atoms are 
delivered to enzymes and 
eoenzymes of the eristae, 
which eatalyze ATP 
synthesis from ADP and P. 
At the end of this proeess, 
oxygen eombines with the 
hydrogen atoms to form 
water molecules. 


The amount of ATP generated during glyeolysis is very small 
eompared with the amount produced by the breakdown of pyru- 
vate within mitoehondria. Beeanse mitoehondrial aetivity requires 
oxygen, this method of ATP prodnetion is known as aerobie 
metabolism {aerj air + bioSj life), or eellnlar respiration, Aerobie 
metabolism in mitoehondria prodnees about 95 pereent of the 
ATP needed to keep a eell alive. (Enzymatie reaetions in the 
eytoplasm prodnee the rest.) Note that althongh the ehemieal 
reaetions that release energy occur in the mitoehondria, most of 
the eellnlar aetivities that require energy occur in the surrounding 
eytoplasm. So mitoehondria are like little eellnlar batteries or fuel 
eells that provide the energy needed to power eellnlar fnnetions. 


Module 3.7 Revìew 


a. Deseribe the structure ofa mitoehondrion. 

b. Most of a eell's ATP is produced within its 
mitoehondria. What gas do mitoehondria 
require to produce ATP? 

e. Whatdoesthe preseneeof many 

mitoehondria imply about a eell's energy 
requirements? 


3.7 Deseribe the structure of a mitoehondrion, and explain the signifieanee 
of mitoehondria to cellular function. 
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SECTION 1 Revíew 

L 


Vocabulary 

In the spaee provided, write the boldfaeed terms introduced in this seetion that eontain the indieated word part. 

glyeos- (sugar) 
aero- (air) 
miero- (small) 
lyso- (aloosening) 


1 

1 

2 

I 

3 

I 

4 


1 

1 

2 

I 

3 

I 

4 


Short answer 

Gorreetly label the indieated structures on the eell diagram below, and deseribe the functions of eaeh. 



Seetíon ìntegratìon 

What is the advantage of having some of the cellular organelles enelosed by a membrane similar to the plasma membrane? 
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Module3.8 


SECTION 2 • Structure and Fuiictìon of the Nucleus 




The nucleus is the eontrol eenter for cellular homeostasís 


The nucleus is usually the largest and most conspicuous structure in a eell. If you look at a 
human eheek eell under a light mieroseope, it is often the only organelle visible. The nucleus 
is the eontrol eenter for eellnlar operations. A single nucleus stores all the information 
needed to direet the synthesis of more than 100,000 diíferent proteins in the human body. 
This genetie information is eoded in the sequence of nneleotides in DNA. The nucleus 
determines the structure of the eell and what fnnetions it ean perform by eontrolling which 
proteins are synthesized, under what eirenmstanees, and in what amonnts. Most eells 
eontain a single nucleus, but exceptions exist. For example, skeletal muscle eells have many 
nuclei, whereas mature red blood eells have none. Beeanse a eell without a nucleus eannot 
repair itself, a red blood eell will disintegrate within 3 or 4 months. 


EXTRACELLULARFLUID 



This is an overview of the role the 
nucleus plays in preserving homeo- 
stasis at the eellnlar level. When the 
extracellular environment 



ehanges 

ìnECF 

eomposìtion 


ehanges, the eell has 
meehanisms that ean 
provide rapid short-term 
adjnstments. If the 
extracellular fluid (ECF) 
quickly retnrns to normal, 
those short-term adjust- 
ments may be snffieient to save the eell. 
But if the environmental stresses persist, 
the eell must adapt, and this involves 
long-term ehanges in its bioehemieal and 
physieal eharaeteristies. Dramatie, 
long-term ehanges in eell structure and 
fnnetion also occur as part of growth, 
development, and aging. 



Binding to 
membrane 
reeeptors 


SHORT-TERM 

ADjySTMENTS 



Diffusion 

through 

membrane 

ehannels 




Enzyme 
aetivation or 
inaetivation 


LONG-TERM 

ADJUSTMENTS 


Binding to nuclear 
reeeptors that alter 
genetie aetivity 



ehanges in the bio- 
ehemieal proeesses 
under way in the eell 
resulting from the 
synthesis of additional 
enzymes, fewer 
enzymes, or different 
enzymes 


DNAin 

nucleus 


In this seetion we eonsider topies 
of extreme importanee to the rest 
of this text: the structure of the 
nucleus, the nature of the genetie 
material, how protein synthesis is 
eontrolled and direeted, and how 
genetie information is partitioned 
during eell division. 


eYTOPLASM 


ehanges in the 
physieal structure of 
the eell due to 
alterations in the rates 
or types of structural 
proteins synthesized 




Modyle 3.8 Revìew 


a. Identify the functions ofthe nucleus. 

b. How many nuclei do most eells eontain? 

e. How is genetie information eoded in the 
eell? 


(S) 3.8 Deseribe the role of the nucleus in maintaining homeostasis at the cellular level. 
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Module3.9 


r 


The nucleus eontains DNA, RNA, 
organìzíng proteíns, and enzymes 

The nucleus is often the most prominent and visible organelle. In standard histologieal 
seetions and mierographs, the nnelens stains darkly and is easily identified. 



The nucleus is the eontrol eenter for eellnlar proeesses. 
The surrounding nnelear envelope, with its nnelear pores, 
eontrols ehemieal eommnnieation between the eytoplasm and 
the nucleus. 



The nuclear envelope, which 
surrounds the nucleus and 
separates it from the eyto- 
plasm, is a double membrane. 



The narrow 
perínuclear 
spaee (per/-, 
around) separates 
the two layers of 
the nuclear 
envelope. 


Nuclear pores, which account for about 10 pereent of the 
surface of the nucleus, are passageways that permit 
ehemieal communication between the nucleus and the 
eytosol. Proteins at the pores regulate the movement of 
ions and small molecules, and neither proteins nor DNA 
ean freely eross the nuclear envelope. 


Nucleoplasm is the fluid, gel-like substance of the 
nucleus. It eontains the nuclear matrix, a network of fìne 
filaments that provides structural support and may be 
involved in regulating genetie aetivity.The nucleoplasm 
also eontains ions, enzymes, RNA and DNA nucleotides, 
small amounts of RNA, and DNA. 


Nucleoplasm 


Nucleolus 


Nucleolí (noo-KLÉ-ó-lí; singular, nucleolus) are transient nuclear 
organelles that synthesize ribosomal RNA.They also assemble the 
ribosomal subunits, which enter the eytoplasm by earrier-mediated 
transport at the nuclear pores. Nucleoli are eomposed of RNA, 
enzymes, and proteins ealled histones. When the instructions 
for producing ribosomal proteins and RNA are being earried out, 
nucleoli form around the portions of DNA eontaining those instruc- 
tions. Nucleoli are most prominent in eells that manufacture large 
amounts of proteins, such as liver, nerve, and muscle eells. 


Nuclear envelope 


Nuclear pore 



Nucleus 


TEM X 34,800 
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2 


The DNA in the nucleus stores the instructions for protein 
synthesis. In the nucleus, the DNA strands are eoiled, rather 


than straight, allowing a great deal of DNA to be paekaged in a 
relatively small spaee. The eoils wrap around histone moleenles, 
forming complexes known as nucleosomes. The eoiling ean be 
tight or loose, and the entire ehain of nneleosomes may eoil 
around other proteins. 




In eells that are not dividing, 
the nucleosomes are loosely 
eoiled, forming a tangle of 
fine filaments known as 

ehromatìn 


Nucleus of nondividing eell 


3 


At the beginning of eell division, DNA 


eoiling beeomes tighter and more 
complex, forming distinet structures ealled 
ehromosomes {ehroma, eolor). 



DNA double 




At this stage, the ehromo- 
somes have already duplicated, 
and two eopies of eaeh 
ehromosome are held together 
at a loeation known as the 
eentromere (SEN-tró-mèr). 


Dividing eell 



Visible ehromosome 



Supercoiled 

region 


In humans, the nuclei of somatie eells (general body eells, as 
opposed to sperm and ooeytes, which are ealled sex eells) 
eontain 23 pairs of ehromosomes. One member of eaeh pair 
is derived from the mother and one from the father. The 
DNA in these ehromosomes earries the instrnetions for 
synthesizing both proteins and RNA. In addition, some 
DNA segments have a regnlatory fnnetion, and still others 
have as yet, no known fnnetion. 


l\/lodule 3.9 Revìew 


a. Deseribe the eontents and the structure of 
the nucleus. 

b. What molecule in the nucleus eontains 
instructions for making proteins? 

e. How many ehromosomes are eontained 
within a typieal somatie eell? 



3.9 Deseribe the functions of the eell nucleus, and distinguish between ehromatin 
and a ehromosome. 
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Module3.10 



Protein synthesís ínvolves 
DNA, enzymes, and three 
types of RNA 


MasteringA&P 


In this modnle we introdnee ~ 

the key eomponents and _ 

events of protein synthesis, 
a proeess we examine 
in detail in Modnles 3.11 and 3.12. 


A^PFJÌJí 

-- 

Protein Synthesis 




DNA eonsists of long, parallel ehains of nneleotides. The 
two adjaeent DNA ehains are held together by hydrogen 
bonding between eomplementary base pairs. The nitrogenons 
bases involved are adenine (A), thymine (T), eytosine (C), and 
gnanine (G). Information is stored in the sequence of base 
pairs. The ehemieal “language” the eell uses is known as the 
genetie eode. 


A gene is the functional unit of heredity. It 
eontains all the DNA nucleotides needed to 
produce speeifie proteins.The number of 
nucleotides in a gene depends on the size of 
the polypeptide represented. A short 
polypeptide ehain might need fewer than 300 
nucleotides, but the instructions for building a 
large protein might involve 3000 or more 
nucleotides. 


2 


The genetie eode is also ealled a triplet eode. 


because a sequence of three nitrogenons bases, 
or triplet, speeifies the identity of a single amino aeid. 
We disenss this in fnrther detail in Module 3.11. 



A triplet is a 
sequence of three 
nitrogenous bases 
along a DNA strand. 




Gytosine 

Guanine 

Adenine 

Thymine 


Examples of the Genetie Code 


DNATrìplet 

DNATrlplet 

mRNA 

tRNA 

Amlno 

Template Strand 

Godlng Strand 

Godon 

Antleodon 

Aeld 

AAA 

TTT 

uuu 

AAA 

Phenylalanine 

AAT 

TTA 

UUA 

AAU 

Leucine 

ACA 

TGT 

UGU 

ACA 

Gysteine 

CAA 

GTT 

GUU 

CAA 

Valine 

TAC 

ATG 

AUG 

UAC 

Methionine 

TCG 

AGC 

AGC 

UCG 

Serine 

GGC 

CCG 

CCG 

GGC 

Proline 

CGG 

GCC 

GCC 

CGG 

Alanine 
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3 


Before a gene ean affeet a eell, the portion 


of the DNA moleenle eontaining that gene 
must be uncoiled, and the histones temporarily 
removed. The faetors eontrolling this proeess, 
ealled gene aetivation, are only partially 
nnderstood. We know, however, that every gene 
eontains segments responsible for regnlating its 
own aetivity. 


The two DNA strands separate in the region 
eontaining the aetivated gene, exposing 
the triplets to the nyeleoplasm. 



Enzymes then assemble a strand of 
messenger RNA (mRNA) by intereon- 
neeting eomplementary RNA nneleotides 
(A, G, e, U). This prodnees an RNA strand that 
eontains information in triplets of RNA nucleo- 
tides. Those triplets are ealled eodons. Eaeh 
eodon eodes for a speeifie 
amino aeid. The different 
eodons and their respeetive 
amino aeids are shown in 
the Appendix. 


The mRNA strand eontaining 
the eomplementary eodons 
passes through a nuclear pore 
and enters the eytoplasm. 





Godon on mRNA 



5 


At a ribosome in the eytoplasm, nneleotide 
triplets ealled antieodons on transfer 


RNA (tRNA) bind to the mRNA eodons. There 
are many different types of tRNA, and eaeh type 
earries a speeifie amino aeid. 



Amino aeid 


tRNA attaehes 
to mRNA 


mRNA strand 



Antieodon 


Godon 


6 


The ríbosomal RNA (rRNA) of the 
ribosome then strings amino aeids together 


to form a polypeptide. 


Polypeptide 



methionine-proline-serine-leucine 


So to summarize: 


The DNA 


The mRNA 


The sequence of 

triplets 


eodons 


tRNAs determines the 

determine the 


determine 


sequence of amino 

sequence of 


the sequence 


aeids in the polypep- 

mRNA eodons. 


of tRNAs. 


tide or protein. 


Modnle 3.10 Revìew 


a. VVhat isa gene? 

b. VVhy is the genetie eode deseribed as a 
triplet eode? 

e. List the three types of RNA involved in 
protein synthesis. 


(S) 3.10 Discuss the nature of the genetie eode, and summarize the proeess 
of protein synthesis. 
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Module3.11 



Transerìptìon eneodes genetìe 
ìnstroetìons on a strand of RNA 


A gene not only eontains the instrnetions for the synthesis of proteins and 
nneleie aeids, it also eontains triplets that say ''do read this message” or “do not 
read this message,” “message starts here,” or “message ends here.” Transeription 
is RNA prodnetion from a DNA template. The term transeription is appropriate, 
as it means ''to eopy” or “rewrite.” All three types of RNA are formed throngh 
DNA transeription, but we focus here on the transeription of mRNA, which 
earries the information needed to synthesize proteins. 




The template 
strand is the 

DNA strand that 
will be used to 
synthesize RNA. 


The segment at the 
start of the gene is 
known as the 
eontrol segment, 
or promoter. 


Triplet 1 


Triplet 2- 


Triplet 3 


Triplet 4 


The enzyme RNA polymerase 

binds to the exposed eontrol 
segment and, using the 
triplets as a guide, assembles 

a strand of mRNA. 



eoding strand 

of DNA 



Gene aetivation begins with the temporary disrnption 
of the hydrogen bonds between the nitrogenons bases 
of the two DNA strands and the removal of the histone that 
“guards” the eontrol segment (promoter), the first segment 
of a gene. Only the DNA template strand is used as the basis 
for synthesizing RNA. 


KEY 

Adenine 
[gT Guanine 
Gytosine 
[u> Uracil (RNA) 
Thymine (DNA) 
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Immature mRNA 



RNA polymerase works only on RNA 
nucleotides—it ean attaeh adenine, 
guanine, eytosine, or uracil, but 
never thymine. If the DNA triplet is 
TAC, the eorresponding mRNA 

eodon will be AUG. 




mRNA strand 


Codon 1 


Codon 

2 


Codon 4 
(stop eodon) 



Codon 


RNA 
polymeras 



D 



Introns 

removed 


A 

e 

E 

G 

1 


Exons splieed together 
to form mature mRNA 



4 


Eaeh gene inelndes a nnmber of 


triplets that are not needed to 
bnild a fnnetional protein. As a resnlt, 
the mRNA strand assembled dnring 
transeription, sometimes ealled 
immature mRNA or pre-mRNA, 
must be “edited” before it leaves the 
nucleus to direet protein synthesis. In 
this RNA proeessing, noneoding 
intervening sequences, ealled introns, 
are snipped out, and the remaining 
eoding segments, or exons, are splieed 
together. 

The proeess ereates a shorter, 
fnnetional strand of mRNA that then 
enters the eytoplasm throngh a 
nnelear pore. Intron removal is 
extremely important and tightly 
regnlated. By ehanging the editing 
instrnetions and removing different 
introns, a single gene ean prodnee 
mRNAs that eode for several different 
proteins. Some introns, however, aet 
as enzymes to eatalyze their own 
removal. How this variable editing is 
regnlated is unknown. 


2 


RNA polymerase promotes 
hydrogen bonding between the 


nitrogenons bases of the DNA 
template strand and eomplementary 
RNA nneleotides in the nneleoplasm. 
The eomplementary nneleotides are 
then strung together by eovalent 
bonding. 


3 


At the “stop” signal, the 


enzyme and the mRNA 
strand detaeh from the DNA 
strand and transeription ends. The 
eomplementary DNA strands now 
reassoeiate as hydrogen bonding 
occurs between eomplementary 
base pairs. 


l\/lodule3.11 Revìew 


a. VVhat istranseription? 

b. Define DNAtemplatestrand. 

e. VVhat proeess would be affeeted 
if a eell could not synthesize the 
enzyme RNA polymerase? 


3.11 Summarize the proeess of transeription. 
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Module3.12 



Translatìon builds polypeptides 

as direeted by an mRNÁ strand 

Protein synthesis is the assembling of fnnetional polypeptides in the eytoplasm. Protein 
synthesis takes plaee throngh translation, the formation of a linear ehain of amino aeids, 
nsing the information from an mRNA strand. Again, the name is appropriate: To translate is 
to present the same information in a diíferent langnage. In this ease, a message written in the 
“langnage” of nneleie aeids (the sequence of nitrogenous bases) is translated by ribosomes 
into the 'dangnage” of proteins (the sequence of amino aeids in a polypeptide ehain). Eaeh 
mRNA eodon designates a partienlar amino aeid to be inserted into the polypeptide ehain. 
There are three phases to translation: initiation, elongation, and termination. 



After RNA 
proeessing has 
occurred, the 
mRNA leaves the 
nucleus through 
a nuclear pore. 
Translation then 
occurs in the 
eytoplasm. 


KEY 



Adenine 



Guanine 



Gytosine 



Inìtìatìon 


Small 

ribosomal 

subunit 



Amino aeid 


tRNA 


Antieodon 


tRNA binding 



Large 
ribosomal 
subunit 



Start eodon 


mRNA strand 



The ìnítìatíon phase of 
translation begins when the 
mRNA strand binds to a small 
ribosomal subunit near the P site, 
one of three adjaeent tRNA binding 
sites. A tRNA then binds to the P site 
and to the start eodon on the mRNA 
strand. Binding occurs between the 
nneleotides of the start eodon and 
three eomplementary nneleotides in 
a segment of the tRNA strand known 
as the antieodon. 


2 


The small and large ribosomal subunits 


then interloek around the mRNA strand, 
forming a fnnetional ribosome. The ínítíatíon 
complex is now eomplete and protein synthe- 
sis ean proeeed. The tRNA in the P site holds 
what will beeome the first amino aeid of a 
peptide ehain. The adjaeent A site is where an 
additional tRNA ean bind to the mRNA 
strand. More than 20 kinds of tRNA exist, eaeh 
with a different nneleotide sequence in the 
antieodon. Eaeh tRNA earries an amino aeid, 
and there is at least one tRNA antieodon that 
eorresponds to eaeh of the amino aeids used in 
protein synthesis. 
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Elongatìon 




Peptide 

bond 



Termìnatìon 






eompleted 

polypeptide 


Stop eodon 



mRNA strand 


3 


In elongatíon; amino aeids are added one by one to the 
growing polypeptide ehain. When a eomplementary 


tRNA binds to the A site, ribosomal enzymes remove the 
amino aeid from the tRNA at the P site and attaeh it to the 
amino aeid delivered to the A site. The ribosome then moves 
one eodon farther along the mRNA strand, and the tRNA 
that moves from the P site to the E site is released into the 
eytoplasm. The released tRNA ean now bind another amino 
aeid of the same type and repeat the eyele. Elongation ends 
when the ribosome reaehes the stop eodon at the end of the 
mRNA strand. 


4 


Termination oeenrs as a 


protein releasing faetor, not a 
tRNA moleenle, reeognizes the stop 
eodon. A ribosomal enzyme then 
breaks the bond between the 
polypeptide and the tRNA in the P 
site, releasing the polypeptide. 
Other ribosomal enzymes separate 
the ribosomal snbnnits and free the 
intaet strand of mRNA. 


Translation proeeeds swiftly, prodneing a typieal protein in abont 20 
seeonds. The mRNA strand remains intaet, and it ean interaet with 
other ribosomes to ereate additional eopies of the same polypeptide 
ehain. The proeess does not eontinne indefinitely, however, beeanse 
after a few minntes to a few honrs, mRNA strands are broken down, 
and the nneleotides reeyeled. However, large nnmbers of protein 
ehains ean be prodneed dnring that time. Althongh only two mRNA 
eodons are 'Tead” by a ribosome at any one time, many ribosomes 
ean bind to a single mRNA strand, and a multitude of identieal 
proteins may be quickly and effieiently prodneed. 


Module 3.12 Revìew 


a. What is translation? 

b. The nucleotide sequence ofthree mRNA eodons 
is AUU-GCA-CUA. What is the eomplementary 
antieodon sequence for the seeond eodon? 

e. During the proeess of transeription, a nucleotide 
was deleted from an mRNA sequence that eoded 
fora protein.What effectwill thisdeletion have 
on the amino aeid sequence of the protein? 


(S) 3.12 Summarize the proeess of translation. 
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SECTION 2 Revíew 
L 


Matehíng 


Mateh eaeh lettered term with the most elosely related deseription. 


a. introns 

b. transeription 
e. tRNA 

d. ehromosomes 

e. exons 

f. genetie information 

g. nucleus 

h. thymine 

i. mRNA 

j. gene 

k. uracil 

l. nuclear envelope 

m. nuclear pore 

n. nucleoli 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 


DNA strands and histones 

DNA nitrogenous base 

Double membrane 

mRNA noneoding regions 

RNA nitrogenous base 

Assemble ribosomal subunits 

Passageway forfunctional mRNA 

mRNAformation 

Functional unit of heredity 

mRNA eoding regions 

Codon 

Antieodon 

Cell eontrol eenter 

DNA nucleotide sequence 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 


Short answer 

The sequence of DNA bases at right are from a 
protein-eoding gene. Dse the sequence as the 
basis for answering the following questions. 



15 

Provide the eorresponding mRNA base 

15 


sequence, and insert a slash mark (/) 
between the eodons. 



eonvert the mRNA eodons you deeoded 

16 ^ 


above into tRNA antieodons. 




3.10, translate the antieodon sequence 
into the amino aeid sequence of this 
polypeptide. 


Seetìon ìntegratíon 

The nucleus is often deseribed as the eontrol eenter of the eell. Explain the role of the nucleus in maintaining homeostasis. 
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Module 3.13 


SEGTION 3 • How Substances Enter and LeavetheCell 



The plasma membrane is a 

seleetìvely permeable membrane 

Because the plasma membrane is an eíFeetive barrier, eonditions inside the eell 
ean be much different from eonditions ontside the eell. However, the barrier 
eannot be perfeet, beeanse eells are not self-sufficient, and their aetivities 
must be eoordinated. In this seetion we eonsider how the plasma membrane 
seleetively regnlates the movement of materials into and out of the eell. 


Watch 


MasteringA&P* 

-- 

Ag(PFUx 


-- 

MembraneTransport 





Permeability is the property of the plasma 
membrane that determines preeisely which 
snbstanees ean enter or leave the eytoplasm. 



Freely permeable membranes 



lons 


earbohydrates 



Water 



Lipids 



Ý 


Ý 



Ý 


Ý 


Ý 


Freely permeable membranes allovv any 
substance to pass vvithout difficulty. No 
living eell has a freely permeable plasma 
membrane. 


Seleetívely permeable membranes 



Y Y 

Seleetívely permeable membranes permít 
the passage of some materials and prevent 
the passage of others. Plasma membranes 
allovv lipids and vvater free passage. 


2 


Seleetively permeable membranes permit the free passage 


of some materials and restriet the passage of others. The 
distinetion may be based on size, moleenlar shape, lipid solnbility, 
eleetrieal eharge, or other faetors. Cells differ in their permeabilities, 
depending on what lipids and proteins are present in the plasma 
membrane and how these eomponents are arranged. 


Materials may eross 
the plasma membrane 
through aetive or passive 

proeesses. 



earrier-mediated 
transport involves 
earrier proteins, and 
may be passive or 

aetive. 


Diffusion is a passive 
proeess driven by 
eoneentration 
differenees. 


Vesicular transport is 
an aetive proeess 
involving formation 
of intracellular 
vesieles. 


EXTRACELLULAR 

FLUID 


eVTOPLASM 


Impermeable membranes 



Garbohydrates 


Water 




Nothing ean passthrough ìmpermeable 
membranes. Cells may be impermeable to 
speeifie substances, but no living eell has an 
impermeable plasma membrane. 


l\/lodule 3.13 Revíew 


a. Define permeability. 

b. Identify three different types of 
membranes based on permeability. 

e. Distinguish betvveen passive and aetive 
proeesses. 


(S) 3.13 eontrast permeable, seleetively permeable, and impermeable membranes. 
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Module3.14 


r 


Diffusíon ìs passíve movement driven 
by eoneentration differenees 

lons and moleenles in liquids and gases are eonstantly in motion, eolliding and 
bouncing oíF one another and ofF obstaeles in their paths. Driven by thermal 
energy, the movement is random: A moleenle ean bounce in any direetion. One 
result oF this continuous random motion is that, over time, the moleenles in any 
given spaee will tend to beeome evenly distribnted. This distribntion proeess, the 
net movement oF a snbstanee From an area oF higher eoneentration to an area oF 
lower eoneentration, is ealled difFusion. The diíFerenee between the high and low 
eoneentrations is a eoneentration gradient. AFter the gradient has been eliminated, 
the moleenlar motion eontinnes, but net movement no longer occurs in any 
partienlar direetion. 



DiFFusion in air and water is slow, and it is most important over very short 
distanees. A simple demonstration—observing a eolored sugar cube plaeed in a 
beaker oF water—ean give you a good mental pietnre oF what happens at the eellnlar 
level. However, eompared to a eell, a beaker oF water is enormons, and additional 

Faetors (which we will ignore) aeeonnt For dye and sugar distribntion over 

distanees of eentimeters as opposed to mierometers. 




— 

A eolored sugar cube is 
plaeed in a large volunne of 
elear water. 


— 

The dissolving cube estab- 
lishes a steep eoneentration 
gradient for both the sugar 
and the dye.The sugar and 
dye eoneentrations are high 
nearthe cube and negligible 
elsewhere. 


— 

As time passes, the sugar and 
dye molecules spread 
through the solution. 


— 

Eventually the sugar and dye 
molecules are distributed 
evenly throughout the 
solution. 
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In extracellular fluids, water and dissolved solntes diffnse freely. A plasma mem- 


brane, however, aets as a barrier that seleetively restriets diffnsion: Some snbstanees 
pass throngh easily, but others eannot penetrate the membrane. An ion or a moleenle ean 
diffnse aeross a plasma membrane only by (1) erossing the lipid portion of the membrane 
or (2) passing throngh a membrane ehannel. 


EXTRACELLULARFLUID 


Lipids, lipid-soluble molecules, 
water, and soluble gases (O^ and 
eo^) ean diffuse aeross the lipid 
bilayer of the plasma membrane. 


VVater, small water-soluble 
molecules, and ions diffuse through 
membrane ehannel proteinsthat 
vary in shape, size, and speeifieity. 



Plasma membrane 





through the membrane ehannels 
and eannot diffuse through the 
membrane lipids ean only eross the 
plasma membrane when trans- 
ported by a earrier meehanism. 


eVTOPLASM 


The diffusion of nutrients, waste products, and dissolved gases must keep paee with the 
demands of aetive eells. Important faetors that influence diffnsion rates are: 



Distanee: The shorter the distanee, the more quickly eoneentration gradients are 
eliminated. In the human body, few eells are farther than 25 pm from a blood vessel. 


♦ Moleenle size: The smaller the moleenle size, the faster the diffnsion rate. 
lons and small organie moleenles, such as glucose, diffuse more rapidly 
than do large proteins. 

♦ Temperatnre: The higher the temperatnre, the faster the diffnsion rate. 

♦ Goneentration gradient: The steeper the eoneentration gradient, the faster 
diffnsion proeeeds. 

♦ Eleetrieal forees: Opposite eleetrieal eharges {+ and -) attraet eaeh 
other; like eharges {+ and -f or - and -) repel eaeh other. Eleetrieal 

attraetion or repnlsion ean aeeelerate or reduce the ion diffnsion rate. 


l\/lodule 3.14 Revìew 


a. Definediffasion. 

b. Identify faetors that influence 
diffusion rates. 

e. How would a deerease in the 
oxygen eoneentration in the lungs 
affeet oxygen diffusion into the 
blood? 


(S) 3.14 Explain the proeess of diffusion, and identify its signifieanee in the body. 
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Module3.15 



Osmosìs ìs the díffusìon of vvater molecules 

aeross a seleetìvely permeable membrane 

Intracellular and extracellular fluids are solutions with a variety of 
dissolved materials. Eaeh solute diffuses as though it were the only 
material in solntion. If we ignore individnal solute identities and simply 
count ions and moleenles, we find that the total eoneentration of 
dissolved ions and moleenles on either side of the plasma membrane 
stays the same. This state of equilibrium persists because a typieal 
plasma membrane is freely permeable to water. The diffnsion of water 
aeross a seleetively permeable membrane is so important that it is given 
a speeial name: osmosís (oz-MO-sìs; osmosj a push). 



The movement of water driven by osmosis is ealled osmotie flow. The greater 
the initial differenee in solute eoneentrations, the stronger the osmotie flow. 
The osmotie pressure of a solntion is an indieation of the foree with which pure 
water moves into that solntion as a result of its solute eoneentration. We ean measnre 
a solntions osmotie pressnre in several ways. For example, an opposing pressnre ean 
prevent the osmotie flow of water into the solntion. 




Water 

moleeyles 


Solute 


B 




Volume 

inereased 

A 



Applied 

foree 



Seleetively permeable membrane 


A seleetively permeable membrane 
separates these two solutions, which 
have different solute eoneentrations. 
VVater molecules (small blue dots) 
begin to eross the membrane toward 
solution B, the solution with the higher 
eoneentration of solutes (larger pink 
circles).The larger solute molecules 
eannot diffuse aeross the membrane. 


At equilibrium, the solute 
eoneentrations on the two sides of 
the membrane are equal. Note 
that the volume of solution B has 
inereased at the expense of the 
volume of solution A. 


Pushing against a fluid generates 
hydrostatìe pressure.The osmotie 
pressure of solution B is equal to the 
amount of hydrostatie pressure, 
indieated by the weight, required to 
stop the osmotie flow. 
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The total solute eoneentration in an aqueous solution is the solntions osmolarity, 
or osmotíe eoneentration. The nature of the solutes, however, is often as 


important as the total osmolarity When we deseribe the effeets of varions osmotie 
solntions on eells, we usually use the term tonieity instead of osmolarity Althongh 
often used interehangeably, the terms osmolarity and tonieity do not always mean the 
same thing. Osmolarity refers to the solute eoneentration of the solntion, whereas 
tonieity is a deseription of how the solntion affeets a eelL Tonieity may have one of 
three effeets, as illnstrated here. 



VVater 

molecules 


Solute 

molecules 


SEM ofnormal 
RBC in an 
isotonie solation 




SEM ofRBe 
in a hypotonie 

solation 












SEMof 
erenated RBCs in a 
hypertonie solation 



A solution that does not cause an 
osmotie flow of water into or out 
of a eell is ealled ìsotonìe (/so-, same 
-I- tonos, tension). The seanning 
eleetron mierograph (SEM) shows a 
red blood eell that has been stored 
in an isotonie solution. 


A hypotonìe solution is one that 
causes osmotie water flow into the 
eell. If a red blood eell is plaeed in a 
hypotonie solution, it will swell up 
like a balloon.The eell may eventu- 
ally burst, releasing its eontents.This 
event is hemolysìs (hemo-, blood -i- 
lysis, a loosening). 


Exposure to a hypertonie solution 
results in the osmotie movement of 
water out of the eell. As water moves 
out, the eell shrivels and dehydrates. 
The shrinking of red blood eells is 
ealled erenation, and the eells are 
said to be erenated. 


It is often neeessary to give patients large volumes of fluid to eombat 
severe blood loss or dehydration. At such times the differenee between 
osmolarity and tonieity is eritieally important. Gonsider a solntion that 
has the same osmolarity as the intraeellnlar fluid, but a higher eoneen- 
tration of one or more individnal ions. If any of those ions ean eross the 
plasma membrane and diffnse into the eell, the osmolarity of the intra- 
eellnlar fluid will gradually inerease, and that of the extracellular solution 
will gradnally deerease. Osmosis will then occur, moving water into the 
eell. If the proeess eontinnes, the eell will gradnally inflate like a water 
balloon. In this ease, the extracellular solution and the intraeellnlar fluid 
were initially equal in osmolarity, but the extracellular fluid was hypo- 
tonie rather than isotonie. In elinieal emergeneies, the fluid often admin- 
istered is a 0.9 pereent (0.9 g/dL) solntion of sodium ehloride (NaCl). 
This isotonie solntion is ealled normal saline. 


Modyle 3.15 Revìew 


a. Deseribe osmosis. 

b. Gontrast the effeets of a hypotonie 
solution and a hypertonie solution on a 
red blood eell. 

e. Some pediatrieians reeommend using 
a 10 pereent salt solution to relieve 
nasal eongestion in infants. Explain the 
effeets this treatment would have on 
the eells lining the nasal eavity. VVould it 
be effeetive? 


(S) 3.15 Explain the proeess of osmosis, and identify its signifieanee in the body. 
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Module3.16 



In earrìer-medìated transport, ìntegral 
proteins faeílìtate membrane passage 

Nutrients that are insoluble in lipids and too large to fit throngh membrane 
ehannels may be transported aeross the plasma membrane by earrier 
proteins. Many earrier proteins move a speeifie snbstanee in one direetion 
only, either into or out of the eell. Some earrier proteins simultaneously 
move more than one snbstanee in the same direetion. This proeess is ealled 
eotransport. If a earrier protein simultaneously moves two substances in 
opposite direetions, the proeess is ealled eonntertransport and the earrier 
protein is ealled an exchange pump. 


Faeilitated Diffusion 



Many snbstanees ean be passively transported aeross the plasma membrane in a 
proeess ealled faeilitated diffnsion. No ATP is expended in faeilitated diffnsion. 
The moleenles simply move from an area of higher eoneentration to one of lower eoneen- 
tration. However, the moleenles involved eannot eross the plasma membrane by diffnsion 
throngh the membrane lipids or throngh open membrane ehannels. The number of 
snitable earrier proteins limits the rate of transport into the eell at any given moment. 
Onee all the earrier proteins are satnrated, the rate of transport eannot inerease, regard- 
less of fnrther inereases in the eoneentration of that snbstanee in the ECF. 


EXTRACELLULAR 


FLUID 



Reeeptor site 


Glucose 

molecule 







Garrier 

protein 


eYTOPLASM 


Faeilitated diffusion begins when a speeifie molecule, 
such as glucose, binds to a reeeptor site on the integral 
protein. In this ease, the glucose is at a higher eoneen- 
tration in the extracellular fluid. 




Glucose released 
into eytoplasm 


The shape of the protein then ehanges, moving the 
molecule aeross the plasma membrane.The earrier 
protein then releases the transported molecule into 
the eytoplasm. Note that this takes plaee without ever 
ereating a continuous open ehannel between the eelTs 
exterior and interior. 
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AetiveTransport 


2 


In aetive transport, ATP 

(or another high-energy 
eomponnd) provides the energy 
needed to move ions or moleenles 
aeross the plasma membrane. 
Aetive transport offers one great 
advantage: It is not dependent on 
a eoneentration gradient. As a 
resnlt, the eell ean import or 
export speeifie snbstanees, 
regardless of their intraeellnlar or 
extracellular eoneentrations. All 
eells eontain earrier proteins 
ealled ion pnmps, which aetively 
transport the eations sodium 
(Na+), potassium (K"^), calcium 

and magnesinm (Mg^"^) 
aeross their plasma membranes. 
Speeialized eells ean transport 
additional ions, such as iodide 
(I“), ehloride (Cl“), and iron 
(Fe2+). 


EXTRACELLULAR 

FLUID 





eYTOPLASM 


Sodium ion eoneentrations are 
high in extracellular fluid, but low 
in the eytoplasm. Potassium ion 
distribution is just the opposite: 
low in extracellular fluid and high 
in the eytoplasm. As a result, 
sodium ions slowly diffuse into 
the eell, and potassium ions 
diffuse out through leak ehannels. 
Homeostasis within the eell 
depends on the ejeetion of 
sodium ions and the recapture 
of lost potassium ions.The 
sodium-potassium exchange 
pump is a earrier protein ealled 
sodìuim-potassìuim ATPase. It 
exchanges intracellular sodium 
for extracellular potassium. 


On average, for eaeh ATP molecule consumed, three sodium ions are ejeeted and the eell 
reelaims two potassium ions.The energy demands are impressive: Sodium-potassium 
ATPase may use up to 40 pereent of the ATP produced by a resting eell! 


Seeondary Aetive Transport 


3 


In seeondary aetive transport, the transport meehanism itself does not 
require energy from ATP, but the eell often needs to expend ATP at a later 
time to preserve homeostasis. Movement aeross the plasma membrane follows 
an existing eoneentration gradient for one of two snbstanees transported, 
typieally sodium ions, so transport does not require energy. 


Glucose 

molecule 


Sodium 



A sodium ion and a glucose 
molecule bind to reeeptor 
sites on the earrier protein. 


The earrier protein then ehanges shape, 
opening a path to the eytoplasm and releasing 
the transported materials. It then resumes 
its original shape and is ready to repeat the 
proeess. 


To preserve homeostasis, the eell 
must then expend ATP to pump the 
arriving sodium ions out of the eell 
by using the sodium-potassium 
exchange pump. It thus"costs"the 
eell one ATP for every three glucose 
molecules it transports into the eell. 


Modale 3.16 Revíew 


a. Deseribe the proeess ofearrier- 
mediated transport. 

b. What dothetransport proeesses 
of faeilitated diffusion and aetive 
transport have in eommon? 

e. During digestion,the 

eoneentration of hydrogen ions 
(H^ in the stomaeh eontents 
inereases to many times that in 
eells lining the stomaeh. Which 
transport proeess could be 
responsible? 


3.16 Deseribe earrier-mediated transport and its role in the absorption and removal of 
speeifie substances. 
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Module3.17 



In vesicular transport, vesìeles seleetively 
earry materials into or out of the eell 

In vesicular transport, materials move into or out of the eell in vesieles, 
small membranous saes that form at, or fuse with, the plasma membrane. 

The two major eategories of vesienlar transport are endoeytosis and 
exocytosis, and both require energy in the form of ATP. 


In reeeptor-mediated endoeytosis, small vesieles form at the plasma membrane 
surface. Many important snbstanees, including eholesterol and iron ions (Fe2+), are 
distributed throughout the body attaehed to speeial transport proteins. These proteins 
are too large to pass through membrane pores, but they ean and do enter eells by 
reeeptor-mediated endoeytosis. 



Endoeytosis 

Endoeytosìs is the importing 
of extracellular substances 
through the formation of 
vesieles at the eell surface. 
These vesieles are known 
as endosomes. 



Start 






Reeeptor-mediated endoeytosis begins when materials in the 
extracellular fluid bind to reeeptors on the membrane surface. Most 
reeeptor molecules are glyeoproteins, and eaeh binds to a speeifie 
target molecule, or ligand, such as a transport protein or a hormone. 



After the vesiele 
membrane 
detaehes, it 
returns to the 
eell surface, 
where its reeep- 
tors beeome 
available to bind 
more ligands. 



The vesiele 
membrane 
detaehes from 
the seeondary 
lysosome. 



The lysosomal 
enzymes then 
free the ligands 
from their 
reeeptors, and 
the ligands enter 
the eytoplasm by 
diffusion or 
aetive transport. 


EXTRACELLULAR FLUID 


Ligands 


Ligands binding 
to reeeptors 




Exocytosís 


Endoeytosís 


Ligand 

reeeptors 


Goated 

vesiele 


eYTOPLASM 


V^ment 


Lysosome 


Ligands 

removed 



Reeeptors bound to 
ligands cluster 
together. Onee an area 
ofthe plasma 
membrane has 
beeome eovered with 
ligands, it forms 
grooves or poekets 
that move to one area 
of the eell and then 
pineh off to form an 
endosome. 




The endosomes 
produced in this way 
are ealled eoated 
vesìeles, because 
they are "eoated" by a 
protein-fiber network 
on the inner 
membrane surface. 


4 


The eoated vesieles 
fuse with lysosomes 
filled with digestive 
enzymes. 
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“Cell drinking” or pinoeytosis 
(pi-nó-si-TO-sis), is the 
formation of endosomes filled with 
extracellular fluid. This proeess is not 
as seleetive as reeeptor-mediated 
endoeytosis, beeanse no reeeptor 
proteins are involved. The target 
appears to be the fluid eontents in 
general, rather than speeifie ligands. 
In a few speeialized eells, pinoeytosis 
prodnees vesieles on one side of the 
eell that are diseharged on the other. 
This method of bulk transport is 
eommon in eells lining small blood 
vessels. 




Surrounding tissue 

Pínoeytosís tEM X 20,000 


Pinoeytosis begins with the 
formation of deep grooves or 
poekets that then pineh off 
and enter the eytoplasm. The 
steps are similar to those of 
reeeptor-mediated endoey- 
tosis, except that ligand 
binding is not involved. 


Endosome 
Plasma membrane 


Bacterium 


Pseudopodium 



Phagoeytosis 


Lysosome 



apparatus 


Exocytosis 



Phagoeytosis begins when eytoplas- 
mie extensions ealled pseudopodìa 
(soo-dó-PO-dé-ah; pseudo-, false + 
podon, foot; singular pseudopodium) 
surround the objeet. 



The pseudopodia then fuse at their 
tips to form a phagosome eontaining 
the targeted material. 


This vesiele then fuses with many 
lysosomes. After that, lysosomal 
enzymes digest its eontents. 


Released nutrients diffuse into the 


surrounding eytoplasm. 



The residue is then ejeeted from the 
eell through exocytosis. 


“Cell eating,” or phagoeytosis 
(fag-ó-si-TO-sis), produces 
phagosomes eontaining solid objeets 
that may be as large as the eell itself. 
Althongh most eells perform 
pinoeytosis, only speeialized eells 
perform phagoeytosis. These eells are 
ealled phagoeytes or maerophages. 



Exocytosis (ek-só-si-TO-sis) is the fnnetional 
opposite of endoeytosis. In exocytosis, a vesiele 
formed inside the eell fuses with, and beeomes part of, 
the plasma membrane. When this takes plaee, the vesiele 
eontents are released into the extracellular environment. 
The ejeeted material may be waste prodnets (such as 
those accumulating in lysosomes) or seeretory prodnets 
(such as mucins or hormones). 



Modyle 3.17 Revìew 


a. Deseribe endoeytosis. 

b. When they encounter baeteria, eertain 
types of white blood eells engulf the 
baeteria and bring them into the eell. 
What is this proeess ealled? 

e. Deseribe exocytosis. 


3.17 Deseribe vesicular transport as a meehanism for faeilitating the absorption or 
removal of speeifie substances from eells. 


Seetion 3: How Substances Enter and Leave the Cell • 119 














































Goneept map 


Use eaeh of the follovving terms onee 
to fill in the blank boxes to eorreetly 
eomplete the map. 

• exocytosis 


Membrane permeabìlìty 


types 




diffusion 
"eell eating" 
molecular size 
pinoeytosis 
faeilitated diffusion 
vesiculartransport 
net diffusion of vvater 
aetive transport 
speeifieity 



Short answer 


eiassify eaeh of the follovving situations as an example of diffusion, osmosis, or neither. 


11 

12 

13 

14 

15 


You vvalk into a room and smell a balsam-seented eandle. 

VVaterflovvs through a garden hose. 

Grass in the yard vvilts after being exposed to excess ehemieal fertilizer. 

A sugar cube plaeed in a cup of hot tea dissolves. 

After soaking several hours in vvater eontaining sodium ehloride, a stalk of eelery vveighs less 
than before it vvas plaeed in the salty vvater. 


11 

12 

13 

14 

15 
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Module3.18 




SEGTION 4 • Cell LifeGyele 


Interphase and eell divisíon 
make up the life eyele of a eell 

The period between fertilization and physieal matnrity involves tremendons 
ehanges in organization and complexity. At fertilization, a single eell is all 
there is. At matnrity, your body has about 75 trillion eells. Cell division, a 
form of eellnlar reprodnetion, makes this transformation possible. 

Even when development is eomplete, eell division eontinnes to be 
essential to snrvival. Physieal wear and tear, toxic ehemieals, temperatnre 
ehanges, and other environmental stresses damage eells. And, like 
individnals, eells age. The life span of a eell varies from hours to deeades, 
depending on the type of eell and the stresses involved. Many eells apparently 
self-destruct after a eertain period of time as a result of the aetivation of 
speeifie' snieide genes” in the nucleus. This genetieally eontrolled eell death 
is ealled apoptosís (ap-op-TO-sis or ap-ó-TO-sis; apo-j separated from + 
ptosisj a falling). 

There are two diíferent forms of eell division. Mitosis (mi-TO-sis), 
the focus of this seetion, prodnees two danghter eells, eaeh eontaining a 
eomplete set of 46 ehromosomes. Meiosis (mi-O-sis), which we will examine 
in ehapter 26, prodnees sex eells (sperm or ooeytes) eontaining 
only 23 ehromosomes. 


2 


The diagram at right details the 
life eyele of a typieal eell. The 



eyele ends only when the eell dies. 


INTERPHASE 



r* 


Interphase is the period in which 
the eell is performing normal 
functions and not aetively 
engaged in eell division. Some 
eells are in interphase indefinitely. 
Others are always either dividing 
or preparing to divide. 



During interphase in a eell 
preparing to divide, the ehromo- 
somes of the eell are duplicated 
and assoeiated proteins are 
synthesized. 


Cell division ends as eytokínesìs, 
the division of the eytoplasm, 
physieally separates the two 
daughter eells. 




The division of a single eell prodnees 
a pair of daughter eells, eaeh one 
half the size of the original. Before they 
themselves divide, eaeh of the daughter 
eells will grow to 
the size of the 
original eell. 


Original eell 



Cell 

division 



Daughter 

eells 





r 


Cell division begins with mitosis. 
In mitosis, identieal eopies of the 
original ehromosomes are 
distributed to eaeh daughter eell. 



Module 3.18 Revìew 


a. Explain why eell division is important. 

b. Define apoptosis. 

e. Distinguish between mitosis and meiosis. 


(S) 3.18 Distinguish between interphase and eell division in the eell eyele. 
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Durìng interphase, the eell 
prepares for eell dívísion 

Most eells spend only a small part of their time aetively engaged in eell 
division. Somatie {somaj body) eells spend most of their fnnetional lives 
in a state known as interphase. Dnring interphase, a eell performs all its 
normal fnnetions and, if neeessary, prepares for eell division. 


MasteringA&P® 

A^PFJÌje 

DNA Replieation 


In a eell preparing to divide, 
interphase ean be divided 
into the G^, S, and phases. 



When the G1 phase is eomplete, the eell enters 
the S phase. Over the next 6-8 hours, the eell 
duplicates its ehromosomes.This involves DNA 
replieation and the synthesis of histones 
and other proteins in the nucleus. 


A eell that is ready to 
divide first enters the Gi 
phase. In this phase, the eell 
makes enough mitoehondria, 
eytoskeletal elements, endoplas- 
mie reticula, ribosomes, Golgi 
membranes, and eytosol for 
two functional eells. Gentriole 
replieation begins in G^ and 
eommonly continues until 
G^. In a eell dividing at 
top speed, G^ may last 
just 8-12 hours. Such a 
eell pours all its energy 
into mitosis, and all 
other aetivities eease. 

IfGi lasts for days, 
weeks, or months, 
preparation for mitosis 
occurs as the eell 
performs its normal 
functions. 


6to8ho 


Urs 


o 


o 

E 

o 

00 


s 

DNA 

replieation, 

synthesis 

of 

histones 




When DNA 
replieation 
ends, there is a brief 
(2- to 5-hour) G^ phase 
devoted to last-minute 
protein synthesis and to 


Gi 

Normal 
eell functlons 
plus eell growth, 
organelle duplication, 
protein synthesis 


G2 

Protein 

synthesis 


An interphase eell in the Go phase is not 
preparing for division, but is instead performing 
all of the other functions appropriate for that particu- 
lar eell type. Some mature eells, such as skeletal muscle 
eells and most neurons, remain in Gq indefinitely and never 
divide. In eontrast, stem eells, which divide repeatedly with 
very brief interphase periods, never enter Go- 


% 


eompleting eentriole 
replieation. 




M Phase - MITOSIS 
ANDGYTOKINESIS 
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During the S phase of the 



eell eyele, DNA is replieated. 
The goal of DNA replieation is to 
eopy the genetie information in 
the nucleus. The proeess occurs in 
eells preparing to nndergo either 
mitosis or meiosis. 


Aden 


ine 


Op Guanine 

m= Gytosine 

Thymine 


DNA replìeatìon begíns when DNA helìease 

enzymes unwind the strands and disrupt the 
hydrogen bonds between the bases. As the strands 
unwind, molecules of DNA polymerase bind to 
the exposed nitrogenous bases.This enzyme (1) 
promotes bonding between the nitrogenous bases 
of the DNA strand and eomplementary DNA 


nucleotides in the nucleoplasm and (2) linksthe 




Thus, a seeond DNA polymerase must bind eloser to the 
point of unzipping and assemble a eomplementary eopy 
(segment 2) that grows until it"bumps into"segment 1 
ereated by the first DNA polymerase. Enzymes ealled 
DNA lìgases (Lì-gàs-ez; liga, to tie) then spliee together 
the two DNA segments. 


As the two original strands gradually 
separate, DNA polymerase binds to the 
strands. DNA polymerase ean work in 
only one direetion along a strand of DNA, 
but the two strands in a DNA molecule 
are oriented in opposite direetions.The 
DNA polymerase bound to the upper 
strand shown here adds nucleotides to 


make a single, continuous eomplementary 
eopy that grows toward the"zipper." 


DNA polymerase on the lower strand ean 
work only away from the zipper. So the 
first DNA polymerase to bind to this 
strand must add nucleotides and build a 
eomplementary DNA strand moving from 
left to right. As the two original strands 
continue to unzip, additional nucleotides 
are continuously being exposed to the 
nucleoplasm.The fìrst DNA polymerase 
on this strand eannot go into reverse. It 
ean only continue to elongate the strand 
it already started. 




3 


Eventually, the unzipping eompletely separates the original 
strands. The eopying ends, the last splieing is done, and two 


identieal DNA moleenles have formed. Onee the DNA is replieated, 
the eentrioles dnplieated, and the neeessary enzymes and proteins 
synthesized, the eell leaves interphase and is ready to proeeed to 
mitosis. 



Duplicated DNA double heliees 



l\/lodule 3.19 Revìew 


a. Deseribe interphase, and identify its 
stages. 

b. What enzymes must be present for 
DNA replieation to proeeed normally? 

e. A eell is aetively manufacturing enough 
organelles to serve two functional eells. 
This eell is probably in what phase of 
interphase? 


(S) 3.19 Deseribe interphase, and explain its signifieanee. 
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Module3.20 


Mitosìs distribotes ehromosomes before 

eytokinesis separates the daoghter eells 


Watch 


MasteringA&P' 

A^PFJix 



Mitosis 



The M phase of the eell eyele includes 
mitosis and eytokinesis. Mitosis is 
a series of events during which the 
dnplieated ehromosomes of a eell 
separate and migrate into two identieal 
nuclei. The four stages of mitosis are 
prophase, metaphase, anaphase, and 
telophase. 


Gentrioles in 
eentrosome 




MITOSIS 




The eentrioles 
have replieated, 
and the pairs 
now move to 
opposite sides 
of the nucleus. 


l\/licrotubules extend outward 
from eaeh pair of eentrioles: 
Astral rays extend into the 
eytoplasm, whereas spíndle 
fìbers form between the 
eentriole pairs. 


The nuclear 
envelope (nuclear 
membrane) 
disintegrates. 


The kinetoehore 
of eaeh ehromatid 
attaehes to a 
spindlefiber. 


ehromatids 


Kinetoehore 






During interphase, 
the DNA strands are 
loosely eoiled and ehromo- 
somes eannot be seen. 


The term mitosis speeifieally refers to 
division and dnplieation of the eelFs 
nucleus alone. The eytoplasm—the 
rest of the eell—divides into two 
distinet new eells in a separate, but 
related, proeess known as 
eytokinesis (si-tó-ki-NÉ-sis; eyto-y 
eell + kinesisj motion). 


Prophase (PRO-fàz; pro, before) begins when the ehromo- 
somes eoil so tightly that they beeome visible as individnal 
structures under a light mieroseope. As a result of DNA replieation 
during the S phase, two eopies of eaeh ehromosome now exist. 
Eaeh eopy is ealled a ehromatid, and the paired ehromatids are 
eonneeted at a region known as the eentromere (p. 103). A raised 
region on the eentromere, ealled the kinetoehore (ki-NE-tó-kor), 
is where the spindle fibers attaeh to the ehromatids. 
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The two ehromatids are now pulled 
apart and drawn to opposite ends of 
the eell along the splndle apparatus 
(the complex of spindle fibers). 
Anaphase ends when the ehromatids 
arrive near the eentrioles at opposite 
ends of the eell. 



As the ehromatids approaeh 
the ends of the spindle 
apparatus, the eytoplasm 
eonstriets along the plane of 
the metaphase plate, forming 
a eleavage furrow. 





Metaphase 

(MET-a'fàz; meta, 
after) begins as the ehroma- 
tids move to a narrow 
eentral zone ealled the 
metaphase plate. Meta- 
phase ends when all the 
ehromatids are aligned in 
the plane of the metaphase 
plate. 


Anaphase 

(AN-a-fàz; ana-, 
apart) begins when the 
eentromere of eaeh 
ehromatid pair splits and 
the ehromatids separate. 
The ehromatids are now 
pnlled along the spindle 
fibers toward opposite 
sides of the dividing eell. 






Dnring telophase (TEL- 
ó-fàz; telo-, end), eaeh 
new eell prepares to retnrn to 
interphase. The nnelear 
envelopes re-form, the nnelei 
enlarge, and the ehromosomes 
gradnally nneoil to the ehroma- 
tin state. This stage marks the 
end of mitosis. 


Gytokinesis nsnally 
begins with the forma- 
tion of a eleavage furrow 
during anaphase and 
eontinnes throughout 
telophase. The eompletion 
of eytokinesis marks the 
end of eell division. 




Module 3.20 Revíew 


a. Define mitosis, and list its four stages. 

b. What is a ehromatid, and how many would be 
present during normal mitosis in a human eell? 

e. What would happen ifspindlefibersfailed to 
form in a eell during mitosis? 


(S) 3.20 Deseribe the proeess of mitosis, and its role in the eell life eyele. 
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Module 3.21 




Tunnors and eaneer are eharaeterìzed 
by abnormal eell grovvth and dívísìon 

When the rates of eell division and growth exceed the rate of 
eell death, a tissne begins to enlarge. The enlargement often 
resnlts from the divisions of a single abnormal eell that no 
longer responds to the faetors that regnlate the rate of eell 
division. Ganeer is an illness eharaeterized by mntations— 
permanent ehanges in DNA nneleotide sequence and 
function—that disrnpt normal eontrol meehanisms that 
regnlate the rates of eell division. 


Abnormal 

eell 




Ganeer usually 
begins with a single 
abnormal eell. Every time a 
eell divides, there is a ehanee 
that something will go wrong 
with the eontrol meehanism. 
As a result, eaneers are most 
eommon in tissnes where 
eells are dividing rapidly and 
continuously, such as the 
epithelinm of the skin or the 
intestinal lining. 









r. 


Cell 
divisions 


2 


A tumor, or neoplasm, is a mass or swelling prodneed by 
abnormal eell growth and division. In a benign tumor, the 


eells usually remain within the originating tissue. Such a tumor 
seldom threatens a persons life and usually ean be removed 
snrgieally if its size or position distnrbs tissue fnnetion. 


Primary tumor eells 



When ìnvasìon begins, the tumor is no 
longer grovving as a relatively isolated 
mass of eells.The abnormal eells are 
novv migrating into surrounding tissues. 


Some malignant eells may eross 
the vvalls of blood vessels in the 
area (a proeess ealled penetra- 
tion) and begin circulating 
throughout the body. 



Grovvth of blood 
vessels into tumor 


Bloodstrea 


3 


Cells in a malígnant tumor divide very rapidly, releasing ehemieals that stimnlate 
the growth of blood vessels (angiogenesis) into the area. The availability of 


additional nntrients aeeelerates tumor growth, and malignant eells then migrate into 
surrounding tissnes and nearby blood vessels. This proeess— metastasis (me-TAS-tnh- 
sis)—ean prodnee seeondary tumors in tissnes remote from the primary tumor site. 
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Malignant eells may no longer 


perform their original fnnetions, or 
they may perform normal fnnetions in an 
abnormal way. For example, endoerine 
eaneer eells may prodnee normal 
hormones, but in excessively large 
amounts. This photo shows a patient 
with a malignant tumor of the thyroid 
gland. Excessive amonnts of thyroid 
hormone prodneed dramatie ehanges in 
metabolie aetivity throughout his body. 



Responding to cues that are as yet unknown, eaneer eells 
in the bloodstream ultimately eseape out of blood 
vessels to establish seeondary tumors at other sites. 
These tumors are extremely aetive metabolieally, and 
their presenee stimulates the growth of new blood 
vessels into the area.The inereased blood supply 
provides additional nutrients to the eaneer eells and 
further aeeelerates tumor growth and metastasis. 



Growth of blood 
vessels into tumor 



Ganeer eells do not use energy very effieiently. 
They grow and multiply at the expense of healthy 
tissnes, eompeting with normal eells for spaee 
and nntrients. This eompetition eontribntes to 
the starved appearanee of many patients in the 
late stages of eaneer. Death may occur as a 
result of the eompression of vital organs when 
nonfnnetional eaneer eells have killed or 
replaeed the healthy eells in those organs, 
or when the eaneer eells have starved normal 
tissnes of essential nntrients. We will disenss 
eaneer fnrther in later ehapters that deal with 
speeifie systems. 


l\/lodule3.21 Revìew 


a. Define eaneer. 

b. VVhat is a benign tumor? 
e. Define metastasis. 


(S) 3.21 Discuss the relationship between eell division and eaneer. 
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Goneept map 


Use eaeh of the follovving terms onee 
to fill in the blank boxes to eorreetly 
eomplete the map. 


Cell eyele 


metaphase 
DNA replieation 
somatie eells 
G2 phase 
telophase 
mitosis 
eytokinesis 
Gi phase 


Ý 



Ý 

Functioning 
eell not 
preparing 
for eell 
division 

I 


oeears in 





includes 2 majorstages 



Ý 





aetivity 


aetivity 


Cell makes 
eytosol and 
organelles 


Cell 

duplicates 

ehromosomes 




4 


Preparation 
for eell 
division 


retarn to 


Ý 




aetivity 


Protein 

synthesis 


4 stages 




5 




1 

1 

1 

■ 

1 



\ 


resalt 



Daughter eells 
separate 



resalting in 


ehromatin to ehromosomes 
Spindle fibers form 
Nuclear envelope disappears 


ehromatids move 
to metaphase plate 


ehromatid pairs separate 
Daughter ehromosomes move 
tovvard opposite ends of eells 


Reverse of prophase 
End of mitosis 


Vocabulary 

In the spaee provided, vvrite the boldfaeed terms introduced in this seetion that eontain the indieated vvord part. 

telo- (end) 
pro- (before) 
eentro- (in the middle) 


9 

10 
11 


9 

10 
11 


Seetíon íntegratìon 

The muscle eells that that make up skeletal muscle tissue are large and multinucleated.They form early in 
development as groups of embryonie eells fuse together, contributing their nuclei and losing their individual 
plasma membranes. Deseribe an alternate meehanism that vvould also result in a large, multinucleated eell. 
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CHAPTER 3 REVIEVV • Cellular Level of Organízation 


Study Outlìne 


SEGTION 1 • lntroductíon to Gells 

V___ 



Gells dìfferentìate for cellular speeìalìzatìon 



1 . Cell theory states that eells are the building bloeks of all 
plants and animals, eells eome from the division of pre- 
existing eells, and eells are the smallest units that perform 
all vital physiologieal functions. 

2. All eells are deseendants of a single fertilized ovum. 

3. Cells undergo a proeess of gradual speeialization ealled 

dìfferentìatìon. 



Gells are the smallest lìvìng unìts of lìfe 



4. Cells are surrounded by extracellular f1uìd that in most 
eases is ìnterstìtìal f1uíd. 


5. The eytoplasm eontains the fluid eytosol and the 
organelles suspended in the eytosol. 

6. Nonmembranous organelles are not enelosed by 
membranes and their eomponents are in eontaet with 
the eytosol.They include the eytoskeleton, mlerovllll, 
eentrloles, ellla, flagella, and rlbosomes. 

7. Membranoos organelles are isolated from the eytosol by 
phospholipid membranes.They include the mltoehondrla, 
nucleus, endoplasmle retlculum, Golgl apparatus, 
lysosomes, and peroxlsomes. 



The plasma membrane ìsolates the eell from ìts 
envìronment and performs varìed functìons p. 90 


8. The plasma membrane is a phosphollpld bllayer that 
separates the inside of the eell from the surrounding 
extracellular fluid. 


9. The general functions of the plasma membrane include 
physieal isolation, regulation of exchange with the 
environment, sensitivity to the environment, and structural 
support. 

10. Membrane proteins are functionally elassified as 

anehorlng protelns, reeognltlon protelns, reeeptor 
protelns, earrler protelns, and ehannels. 



The eytoskeleton plays both a structural and a functìonal 
role p. 92 


11. The eytoskeleton provides an internal protein framework 
that gives the eytoplasm strength and flexibility. 

12. eomponents of the eytoskeleton are mlerofilaments, 
Intermedlate filaments, thlek filaments, microtubules, 
eentrìoles, and eilia. 



Rìbosomes are responsìble for proteìn synthesìs and are 
often assoeìated wìth the endoplasmìe retìculum p. 94 


13. Ribosomes are organelles responsible for protein 
synthesis. 

14. Endoplasmie reticulum (ER) isa networkof intracellular 
membranes forming sheets or tubes ealled eìsternae. 
Smooth ER is the site for the synthesis of phospholipids, 
eholesterol, steroid hormones, glyeerides, and glyeogen. 



The rough 
endoplasmie 
reticulum (RER) 
functions as a 
eombination 
^orkshop 
for ehemieal 
modifìeation 
ofproteins and 
shipping warehouse 
to send them to their 
next destination. 


15. Fìxed rìbosomes are attaehed to rough endoplasmìe 
reticulum (RER). Proteins are synthesized at the ribosomes 
and then modified and paekaged in the RER. 



The plasma membrane 
iscomposedoftwo 
layers ofphospholipid 
moleeales wjth their 
hydrophilie heads at the 
membrane sarfaee and 
their hydrophobie taiis on 
the inside. The hydrophobie 
layerintheeenterofthe 
membrane isolates the 
eytoplasm from the very 
different extracellular fiaid. 



The Golgì apparatus ìs a paekagìng eenter p. 96 

16. The Golgl apparatus eonsists of five or six flattened 
membranous dises ealled eisternae. 

17. The Golgi apparatus functions to renew or modify the 
plasma membrane; modify and paekage seeretions for 
release through exocytosis; and paekage speeial enzymes 
within vesieles for use in the eytosol. 



Mìtoehondrìa are the powerhouses of the eell 



18. Mìtoehondria have a double membrane and eontain their 
own DNA.The inner membrane eontains numerous folds 
ealled eristae. 


19. Mitoehondria are responsible for ATP production through 

aerobie metabolism. 
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CHAPTER 3 REVIEVV • Cellular Level of Organization (continued) 


^ SECTION 2 


Structure and Functìon of the Nucleus 



The nucleus ìs the eontrol eenter for cellular 
homeostasìs p. 101 


20. The nucleus eontains DNA and determines the structure 
and function of the eell by eontrolling the synthesis of 
proteins. 



The nucleus eontaìns DNA, RNA, organìzìng proteìns, and 
enzymes p. 102 


21. The nucleus serves as the eontrol eenter for cellular 

proeesses. It is surrounded by a nuclear envelope (a double 
membrane with a perìnuclear spaee), through which it 
communicates with the eytosol by way of nuclear pores. 



The DNA in the nucleus is 
in eoiled stmnds, allowing 
a gread deal ofDNA to be 
paekaged in a relatively 
smallspaee. Thecoilswrap 
aroand histone moleeales 
to form naeleosomes. 


22. The nucleus eontains a supportive 

nucleoplasm and one or more nucleolí, 
which synthesize ribosomal RNA. 

23. The DNA in the nucleus stores the 
instructions for protein synthesis. 


24. The DNA in a eell not dividing is loosely eoiled forming a 
tangle of fine filaments known as ehromatin.The DNA in 
dividing eells is eoiled tightly forming a complex of distinet 
structures ealled ehromosomes. 


3.10 


Proteìn synthesìs ìnvolves DNA, enzymes, and three types 

of RN A p. 104 

25. DNA eonsists of long, parallel ehains of nucleotides 
that are held together by hydrogen bonding between 
eomplementary base pairs.The nitrogenous bases 
involved are adenine (A), thymine (T), eytosine (C), and 
guanine (G).The information stored in the sequence of 
base pairs is ealled the genetìe eode. 

26. The genetie eode is ealled a trìplet eode because a 
sequence of three nitrogenous bases, or trìplet, speeifies a 
single amino aeid. 

27. A gene is the functional unit of heredity. It eontains all the 
DNA nucleotides needed to produce speeifie proteins. 

28. As gene aetívatíon begins, a portion of the DNA molecule 
eontaining that gene uncoils. 

29. A strand of messenger RNA (mRNA) is assembled that 
eontains information in triplets or eodons. 


30. Transfer RNA (tRNA) molecules bring amino aeids to a 
ribosome.The amino aeids form a polypeptide ehain or 
protein. 



Transerìptìon eneodes genetìe ìnstructìons on a strand of 
RN A p. 106 

31. Transerìptìon is the production of RNA from a DNA 
template. After transeription a strand of mRNA earries 
instructions from the nucleus to the eytoplasm. 



Translatìon buìlds polypeptìdes as dìreeted by an mRNA 
strand p. 108 


32. Translatìon is the formation of a linear ehain of amino 
aeids using the information provided by an mRNA strand. 
By eomplementary base pairing of tRNA antleodons to 
mRNA eodons, amino aeids are brought to the ribosome in 
the proper sequence.The three phases of translation are 
Inltlatlon, elongatlon, and termlnatlon. 


^ SEGTION 3 * How Substances Enter and Leave the Cell 



The plasma membrane ìs a seleetìvely permeable 

membrane p. 111 

33. The plasma membrane seleetively regulates the 
movement of materials into and out of the eell. Seleetlvely 
permeable membranes permit the free passage of some 
materials and restriet the passage of others. 

34. Materials may eross the plasma membrane through aetive 
proeesses (require ATP) or passive proeesses (do not 
require ATP). 

35. Vesicular transport is an aetive proeess. Diffusion is a 
passive proeess. Garrier-mediated proeesses may be either 
passive or aetive. 



Dìffusìon ìs passìve movement drìven by eoneentratìon 
dìfferenees p. 112 

36. Dlffuslon is the net movement of material from an area 
of higher eoneentration to an area of lower eoneentration. 
This occurs until the eoneentratlon gradlent is eliminated. 

37. Important faetors that influence diffusion rates include 
distanee, molecule size, temperature, eoneentration 
gradient, and eleetrieal forees. 
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Osmosìs ìs the dìffusìon of water molecules aeross a 
seleetìvely permeable membrane p. 114 

38. Osmosìs is the net diffusion of water aeross a membrane. 
The movement of water driven by osmosis is ealled 
osmotìe flow. The osmotìe pressure of a solution is the 
foree of water movement into a solution resulting from its 
solute eoneentration. 


SEGTION 4 * Cell Life Cycle 



Interphase and eell dìvìsìon make up the lìfe eyele of a 
eell p.121 


44. Cell dìvìsìon of a single eell produces a pair of daughter 
eells. 


39. Tonieity is the effeets of osmotie solutions on eells. A 
solution that does not cause an osmotie flow is isotonie. A 
solution that causes water to flow into a eell is hypotonie 
and ean lead to hemolysis. A solution that causes water to 
flow out of a eell is hypertonie and ean lead to erenation. 


45. Interphase is the period in which a eell is performing 
normal functions and not aetively engaged in eell division. 

46. Apoptosis is the genetieally eontrolled death of eells. 
Mitosis is the nuclear division of somatie eells. Sex eells 
(sperm or ooeytes) are produced by meiosis. 



In earrier-mediated transport, mtegral protems faeilitate 
membrane passage p. 116 


40. Substancesthat are 
insoluble in lipids and 
too large to fit through 
membrane ehannels may 
be transported aeross 
the plasma membrane 
by earrier proteins. 

41. Faeilitated diffusion is 

a passive proeess, aetive 
transport is an aetive 
proeess, and seeondary 
aetive transport 
does not require ATP 
(although the eell may 
require ATP later to 
maintain homeostasis). 


o o 

o 



Faeilitated diffasion allows 
many sabstanees to be passively 
transported aeross the plasma 
membrane. 



In vesìcular transport, vesìeles seleetìvely earry materìals 
ìntoor outof theeell p. 118 

42. In vesicular transport, materials move into or out of the 
eell in small membranous saes ealled vesieles.The two 
major eategories are endoeytosis and exocytosis. Both 
require energy in the form of ATP. 

43. Pinoeytosis or"cell drinking"and phagoeytosis or"cell 
eating"are two examples of endoeytosis. 


3.19 


Durìng ìnterphase, the eell prepares for eell dìvìsìon p. 122 

47. Somatie eells spend the majority of their functional lives 
in interphase, which includes the Gi, S, and phases. 


3.20 


Mìtosìs dìstrìbutes ehromosomes before eytokìnesìs 


separates the daughter eells p. 124 

48. Mitosis speeifieally 
refers to the division and 
duplication of the eelTs 
nucleus. It proeeeds in 
four stages: prophase, 
metaphase, anaphase, 
and telophase. 

49. Division of the eytoplasm 
into two distinet new 
eells involves a separate 
proeess known as eytokinesis. 


'V 



* i' 



Tumors and eaneer are eharaeterìzed by abnormal eell 
growth and dìvìsìon p. 126 


50. A tumor, or neoplasm, ean be benign or malignant. 


51. Malignant eells may spread loeally by invasion, or to 
distant tissues and organs through metastasis. 


ehapter Revìew Questíons 


IVIultìple ehoìee 


Seleet the eorreet answer from the list provided. 



VVhieh of thefollowing is nof a eharaeteristie of the eell theory? 
Q a) Cells are the building bloeks of life. 

Q b) Cells eombine to form tissues. 

Q e) All new eells eome from the division of pre-existing eells. 

Q d) Cells are the smallest units that perform all vital 

physiologieal functions. 



The proeess of gradual eell speeialization is ealled 
Q a) fertilization. 

Q b) meiosis. 

Q e) differentiation. 

Q d) metastasis. 



The_is/are responsible for producing 95 pereent of 

the ATP required by the eell. 

Q a) Golgi apparatus 
Q b) mitoehondria 
Q e) rough endoplasmie reticulum 
Q d) smooth endoplasmie reticulum 



Somatie eell nuclei eontain 

□ a)8 

□ b)23 

□ c)46 

□ d)92 


pairs of ehromosomes. 
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CHAPTER 3 REVIEVV • Cellular Level of Organization (continued) 



The eonstmetion of a functional polypeptide by using the 
information in an mRNA strand is ealled 

Q a) translation. 

Q b) transeription. 

Q e) replieation. 

Q d) differentiation. 



Genetieally eontrolled eell death is ealled 
Q a) mitosis. 

[J b) apoptosis. 

Q e) metastasis. 

Q d) mutation. 



The_phase of protein synthesis eneodes genetie 

instructions on a strand of mRNA. 


Q a) transeription 
Q b) translation 
Q e) transmigration 
□ d) transferenee 



When substances pass through the plasma membrane by aetive 
proeesses, which molecule is required? 

Q a) RNA polymerase 

□ b)ATP 

□ c)DNA 

□ d)tRNA 



The sodium-potassium exchange pump 

Q a) is an example of faeilitated diffusion. 

Q b) does not require the input of cellular energy in the 

form of ATP. 

Q e) moves the sodium and potassium ions along their 

eoneentration gradients. 

Q d) is eomposed of a earrier protein loeated in the plasma 

membrane. 



If a eell laeked ribosomes it would not be able to 
^ a) produce complex earbohydrates. 

Q b) synthesize proteins. 

Q e) divide. 

Q d) produce ATP. 



Suppose a DNA segment has the following nucleotide sequence: 
CTC/ATA/CGA/TTC/AAG/TTA. Which nucleotide sequence 
would a eomplementary mRNA strand have? 

□ a)GAG/UAU/GAU/AAC/UUG/AAU 

□ b)GAG/TAT/GCT/AAG/TTC/AAT 

□ c)GAG/UAU/GCU/AAG/UUC/AAU 

□ d)GUG/UAU/GGA/UUG/AAG/GGU 


12 


How many amino aeids are eoded in the DNA segment in the 
previous question? 

□ a)18 

□ b)9 

□ c)6 

□ d)3 


Short answer 


13 

14 

15 

16 

17 


Identify the five functional elasses of membrane proteins. 

Distinguish between mitosis and eytokinesis. 

Differentiate between diffusion and osmosis. 

Which organelle eontains its own DNA, and what does it eode for? 

List the nonmembranous organelles and then list the 
membranous organelles. 



List the stages of mitosis, and for eaeh stage briefly deseribe the 
eventsthat occur. 



If a eell had mierovilli on its plasma membrane, in which aetivity is 
it likely to be aetively engaged? 



If a red blood eell were immersed in a hypotonie solution, in which 
direetion would water flow, and what effeet would it have on the 
eell? 



Order the following steps of protein synthesis into the proper 
sequence: 


a) mRNA exits nucleus through nuclear pore; 

b) introns are snipped from mRNA; 

e) amino aeids form peptide bonds; 

d) ribosomal subunits detaeh from mRNA; 

e) transeription of DNA forms mRNA; 

f) tRNA antieodons bind to mRNA eodons; 

g) ribosomal subunits bind to mRNA 



Deseribe the steps involved in phagoeytosis. 



Why does mitosis produce eells eontaining 46 ehromosomes, 
whereas meiosis produces eells eontaining only 23 ehromosomes? 



Steroid hormones such as estrogen and testosterone are lipid 
molecules. Explain how these molecules eross the plasma 
membrane and enter the eell. 



Deseribe the proeess used by malignant tumors to aeeelerate their 
growth. 
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ehapter Integratíon • Applyíng what you have learned 


Analyzing a stomaeh tumor 

Vito has been experiencing persistent indigestion, heartbnrn, 
and loss of appetite. After many weeks of this diseomfort he 
finally sehednles an appointment with his physieian. The doetor 
performs a diagnostie proeednre in which he passes a tube 
through Vito s mouth into his stomaeh. Throngh this tube the 
doetor ean use a seope to view the tissue lining Vito s stomaeh. 
Upon examination the doetor notiees a tumor, or mass of 
abnormal eells, on the stomaeh wall. The doetor excises a small 
clump of tissue and sends it to the pathology laboratory for 
analysis. From what you have just learned about eells, answer the 
following questions about Vito s eondition. 





Whích word deseribing the tumor do Vito and his doetor hope 
to read in the lab report? Why? Which word do they not want to 
read in the report? Why? 

Explaín the cellular proeesses that líkely caused the tumor. 

Besides the obvious threat to Vito's stomaeh, does this tumor 
pose a threat to other organs? 

Whích cellular proeess would Víto and hís doetor want to swítch 
on in these tumor eells if they were able to do so? 



Exercísing muscle 

Gorrine is a bodybnilder, eertified personal trainer, and owner 
of her own fitness eenter. Five days per week she lifts weights for 
three hours per day. When working as a trainer, she often eites 
the benefits of eleetrolyte-laden sports drinks, elaiming that they 
are good for fatigned eells. 




Gorrine tells her elíents that the muscle eells of people trainíng for 
endurance sports, such as the marathon, have the potentíal for 
storing more energy and improving muscle performanee, because 
those eells eontain inereased numbers of mitoehondría. Is this 
true? Why or why not? 

Llsing the príneíples of tonieity, explain the benefits of consuming 
energy drínks after strenuous exercise. 



ehapter 3 Review • 133 





























These Learning 
Onteomes 
eorrespond 
bynnmberto 
this ehapter's 
modnles and 
indieate what 
you should be 
able to do after 
eompleting 
the ehapter. 

V J 


(S) 

Learning Onteomes 
arerepeated atthe 
bottomofeaeh 
module. 


^ SECTION 1 • Epithelial Tissue 


4.1 


4.2 



4.4 


4.5 


4.6 


4.7 



Identify the four types of tissues in the body and deseribe their roles. 
Deseribe three mieroseopy techniques. 

Deseribe epithelial tissues, including eell shape, layers, and functions. 

Discuss the types and functions of intercellular eonneetions 
betvveen epithelial eells. 

Deseribe the structure and function of squamous 
epithelium. 

Deseribe the structure, function, and loeations of cuboidal 
and transitional epithelia. 

Deseribe the structure, function, and loeations 
of columnar epithelia. 

Deseribe the structure, function, and loeations 
of glandular epithelia. 


SEGTION 2 • ConnectìveTìssue 


4.9 


4.10 


4.11 


4.12 


4.13 


4.14 


Deseribe the general structure of eonneetive tissue. 

Deseribe the structure, function, and loeations of 
areolar tissue, adipose tissue, and reticular tissue. 

Deseribe the structure, function, and loeations of dense 
eonneetive tissues and fluid eonneetive tissues. 

Deseribe the structure, function, and loeations of eartilage. 

Deseribe the structure and function of bone. 

Deseribe the arrangements of epithelial and eonneetive 
tissues in the four types of membranes, and the structures and 
loeations of the three types of faseiae. 







V. 


SEGTION 3 • MuscleTíssueand NeuralTissue 



4.15 

_ À 


4.16 

_ À 


4.17 

_ À 


Deseribe the relative proportions of muscle tissue and 
neural tissue in the body. 

Speeify the functions of muscle tissue and neural 
tissue. 

□ CLINICALMODULE Deseribe the roles of 
inflammation and regeneration in response totissue 
i nj u ry. 
































Module 4.1 


SEGTION 1 • Epìthelíal Tìssue 



Four types of tissue make up the body 

Our perspeetive has gradually ehanged over the preeeding ehapters. 

Atoms and moleenles ean only be examined throngh speeial imaging 
techniques and experimental proeednres. Cellular details often 
eseape deteetion unless an eleetron mieroseope is used. Tissue 
structure, however, ean be examined with a light mieroseope, and 
based on your experiences in the laboratory, you may already be able 
to identify some tissnes without using a mieroseope. 


The 

ehemkal 

Level 



The 

Cellular 

Level 



The 

Tíssue 

Level 



V 

EPITHELIALTISSUE 

• Govers exposed surfaces 

• Lines internal passagevvays 
and ehambers 

• Forms seeretory glands 



V V 


The human body eontains trillions of 
eells, but only about 200 different 
types of eells. To work effieiently, 
several different types of eells must 
eoordinate their efforts. Cells working 
together form tissues —eolleetions of 
eells and eell prodnets that perform a 
limited number of speeialized func- 
tions. The study of tissues is ealled 
histology. Histologists reeognize four 
basie types of tissue: epithelial 
tissue, eonneetive tissue, muscle 
tissue, and neural tissue. This 
ehapter examines eaeh of these tissue 
types and sets the stage for our study 
of organs and organ systems. 


V 


CONNECTIVETISSUE 

• Fills internal spaees 

• Provides structural 
support 

• Stores energy 


IV1USCLETISSUE 


• Gontraets to 
produce movement. 
Ìncludes skeletal 
muscle, eardiae 
muscle, and smooth 
muscle 


NEURALTISSUE 

•Conducts eleetrieal 
impulses 

• Garries information 


l\/lodule4.1 Revìew 


a. Name the term used to deseribe the study of tissues. 

b. Listthefour basictissuetypes. 

e. Identify the functions ofeaeh tissue type. 


©4.1 Identify the four types of tissues in the body and deseribe their roles. 
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Module 4.2 

j 



Much of what is studied in anatomy and physiology eannot be seen with 
the naked eye or a simple hand lens. Mieroseopy (the use of mieroseopes) 
began about 400 years ago with the inventions of simple mieroseopes with 
one lens and compound mieroseopes with more than one lens. However, 
these early light mieroseopes magnified objeets only 10 to 20 times actual 
size. The light mieroseope in your lab likely magnifies up to 1000 times, the 
maximum when using light. Modern eleetron mieroseopes using beams of 
eleetrons instead of light ean magnify over 1 million times! 



Anatomy ean be stndied at different seales. The amount of fine 
detail that ean be seen in an image, ealled resolntion, varies with 
magnifieation and the type of mieroseope being used. The figure below 
shows the magnifieation ranges and degree of resolntion aehieved by 
different types of mieroseopes. 



meters (m) 

millimeters (mm) 

mierometers (pm) 

nanometers (nm) 


1 m 100 mm lOmm 1 mm 

100 pm 

10 pm 
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Transmission eleetron mieroseope 
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A líght mieroseope is an optieal instrnment that 


direets visible light throngh a thin seetion of tissne. 
The speeimen is first magnified with an objeetive lens and 
foensed in the tube of the mieroseope. A revolving 
nosepieee holds several objeetive lenses of progressive 
magnifying power. A seeond lens in the eye pieee, the 
ocular lens, magnifies the image fnrther. The total 
magnifieation is ealenlated by mnltiplying the magnifiea- 
tion of the objeetive lens times that of the ocular lens. The 
resolntion of a mieroseope is the ability to distingnish 
between two separate points, or objeets. The wavelengths 
of visible light limit the maximum resolution of a light 
mieroseope to about 200 nm (0.2 pm). Thus, objeets 
eloser together than 200 nm would appear as one objeet. 



LM X 400 


Gilia 


This photographie image of 
eells from the lining of the 
respiratory traet was taken 
with a light mieroseope and 
is ealled a light mierograph 
(LM). It is magnified 400 
times. In this text, this is 
indieated by thefollowing 
notation: LM x 400. 


3 


A transmission eleetron mieroseope uses 


magnets to direet a beam of eleetrons throngh 
the snrfaee of a finely seetioned objeet onto a photo- 
graphie plate. The wavelength of the eleetron beam is 
about 0.00001 that of ordinary white light, which 
allows for far greater magnifieation and resolntion. A 
transmission eleetron mieroseope has a maximum 
resolution of about 0.2 nm (0.0002 pm). 



eilia 


TEM X 3000 


This transmission eleetron 
mieroseope image is of eells 
from the lining of the 
respiratory traet.The eell and 
organelle details are much 
sharper. This type of image is 
ealled a transmission eleetron 
mierograph (TEM) and its 
magnifieation is indieated by 
the following notation: TEM x 
3000. 


4 


The speeimens prepared for seanníng 
eleetron mieroseopy are not seetioned. The 


whole speeimen is eoated with an eleetron dense 
material, and then bombarded with eleetron beams. 
Beeanse some of the eleetrons are refleeted baek, a 
three dimensional image of the speeimen is ereated. 
A seanning eleetron mieroseope has a maximum 
resolution of about 10 nm (0.01 pm). 



Gilia 


SEMx 15,846 


This dramatie image of the 
surface of the lining of the 
respiratory traet was taken 
with a seanning eleetron 
mieroseope and then eolor 
enhaneed. The type of image 
is ealled a seanning eleetron 
mierograph (SEM), and its 
magnifieation is indieated by: 
SEMx 15,846. 


5 


You will probably be using a light mieroseope during your 
laboratory experiences. Begin by using the objeetive lens 


with the lowest magnifying power to focus on 
your speeimen. Then earefnlly rotate objeetive 
lenses with greater magnifieation into position. 
For eaeh tissue you examine, open your text to 
an image of the same tissue. The images will look 
most similar if you focus your mieroseope elose 
to the magnifieation of the image in the book. 



E 



Modyle 4.2 Revìew 


a. Howdo early mieroseopes eompare 
with modern mieroseopes? 

b. Differentiate between LM,TEM, and 
SEM. 

e. VVhieh kind of mieroseope is in your 
lab? 


(S) 4.2 Deseribe three mieroseopy techniques. 
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Module4.3 



Epìthelìal tissue eovers surfaces, lines 
structures, and forms seeretory glands 



Let s begin our discussion of tissue 
types with epithelial tissue, 
because it includes a very familiar 
feature: the surface of your skin. Epithe- 
lial tissue includes epithelia and glands. 




( lncludes ) 




Epìthelìa arecellularlayers of 
different types that eover exposed 
surfaces and line internal eavities and 
passageways.They do not have blood 
vessels and often eontain seeretory 
eells, or gland eells, seattered among 
theothereell types. 


Glands are organized groups 
of eells or organs that eontain 
epithelial-derived eellsthat 
synthesize substances for 
seeretion. There are two types: 



Exocríne glands seerete onto 
external surfaces or into 
internal passageways (ducts) 
that eonneet to the exterior. 


Endoeríne glands seerete hormones 
or their inaetive precursors into the 
interstitial fluid that then enter the 
bloodstream for distribution. 



The table at right 
deseribes four 


essential functions of 


epithelial tissue. 


Functions of Epithelial Tissue 


• Provìde physìeal proteetìon: Epithelia proteet exposecl and internal 
surfaces from abrasion, dehydration, and destruction by ehennieal or 
biologieal agents. 


• Gontrol permeabìlìty: Any substance that enters or leaves the body 
must eross an epithelium. Some epithelia are relatively impermeable, 
vvhereas others are permeable to compounds as large as proteins. 

Most are eapable of seleetive absorption or seeretion. The epithelial 
barrier ean be regulated and modified in response to various stimuli. 

For example, think of the calluses that form on your hands vvhen you do 
rough vvork for a period of time. 

• Provìde sensatìon: Sensory nerves extensively innervate most epithelia. 
Speeialized epithelial eells ean deteet ehanges in the environment and 
eonvey information about such ehanges to the nervous system. For 
example, touch reeeptors respond to pressure by stimulating adjaeent 
sensory nerves. A neuroepìthelìum is a sensory epithelium found in 
speeial sense organs that provide the sensations of smell, taste, sight, 
equilibrium, and hearing. 

• Produce speeìalìzed seeretíons: Epithelial eells that produce seeretions 
are ealled gland eells. Individual gland eells are often seattered among 
other eell types in an epithelium that may have many other functions. 

In a glandular epithelium, most or all of the epithelial eells produce 
seeretions, and those seeretions are the primary function of the tissue. 
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The eells of any epithelinm share a nnmber of basie featnres. An epithelinm has an apíeal (A-pi-kal) surface, which faees the 
exterior of the body or some internal spaee, and a base, which is attaehed to adjaeent tissnes. The term polarity refers to the 


presenee of strnetnral and fnnetional differenees between the exposed and attaehed snrfaees. 


Mierovilli are often found on the 
apieal surfaces of epithelial eells that 
line internal passageways of the 
digestive, urinary, and reproductive 
traets. 


The apieal surface is the region of 
the eell exposed to an internal or 
external environment. When the 
epithelium lines a tube, such as the 
intestinal traet, the apieal surfaces of 
the epithelial eells are exposed to 
the spaee inside the tube, a 
passageway ealled the lornen 
(LOO-men). 


The basolateral surfaces include 
both the base, where the eell 
attaehes to underlying epithelial 
eells or deeper tissues, and the 
sides, where the eell eontaets its 
neighbors. 



Motile eilia eover the apieal surfaces of 
eells in portions of the respiratory and 
reproductive traets. A typieal eiliated eell 
eontains about 250 eilia that beat in a 
eoordinated manner (Module 3.4, p. 93). 


Membranoys Organelles 

Most epithelial eells have membranous 
organelles eomparable to those of 
other eell types. 


Golgi apparatus (faeing apieal surface) 


Endoplasmie reticulum (often extensive 
around the nucleus) 


Nucleus (in a tall eell, loeated eloser to 
the base than the apieal surface) 


Mitoehondria (may be apieal or basal, 
depending on eell functions) 


Símpleepíthelía 



Squamous 



Cuboidal Columnar 


4 


Epithelial eells have three basie shapes: squamous, 
cuboìdal, and columnar. For elassifieation 


pnrposes, we look at the snperfieial eells in a seetion 
perpendienlar to both the exposed snrfaee and the basal 
snrfaee. In seetional view, squamous eells appear thin and 
flat, enboidal eells look like little boxes, and eolnmnar 
eells look like tall, relatively slender reetangles. If only one 
layer of eells is present, that layer is a simple epithelium. 
In eontrast, a stratified epithelium eontains several 
layers of eells. Stratified epithelia are generally loeated in 
areas that need proteetion from meehanieal or ehemieal 
stresses. The snrfaee of the skin and the lining of the 
mouth are examples. 


Stratìfìed epìthelía 



Squamous 



Cuboidal Columnar 


Modyle 4.3 Revíew 


a. Listfouressentialfunctionsof 
epithelial tissue. 

b. What is the probablefunction ofan 
epithelial surface whose eells bear 
many eilia? 

e. Summarizethe elassifieation ofan 
epithelium based on eell shape and 
number ofeell layers. 


(S) 4.3 Deseribe epithelial tissues, including eell shape, layers, and functions. 
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Module4.4 


r 


Epithelíal eells are extensívely íntereonneeted 
both structurally and functíonally 


/ 


To be efFeetive as a barrier, an epithelinm must form a eomplete 
eover or lining, and be able to replaee lost or damaged eells 
through stem eell division. The physieal integrity of an 
epithelinm depends on intereellnlar eonneetions 
and attaehment to adjaeent tissnes. 


Mierovilli 


The detailed structure of eaeh form of 
intercellular attaehment demonstrates the 
linkage between structure and fnnetion at all levels. 



Intercellular Attaehments 


Tight (occluding) junctìons are eharaeteristie of 
epithelial eells lining the intestinal traet where they 
form a barrierthat isolates the basolateral surfaces 
and deeper tissues from the eontents of the lumen. 

An adhesìon belt loeks together the terminal webs 
of neighboring eells, strengthening the apieal region 
and preventing distortion and leakage at the 
occluding junctions. 


Gap Junctìons permit ehemieal communication that 
eoordinates the aetivities of adjaeent eells. 


Desmosomes (DEZ-mó-sóms; desmos, ligament -i- 

soma, body) provide firm attaehment between 
neighboring eells by interloeking their 
eytoskeletons. 


Intermediate 
filaments of the 
eytoskeleton 



Hemidesmosome 


2 


Hemidesmosomes 

attaeh the deepest 


epithelial eells to the 
basement membrane. At a 
hemidesmosome, the basal 
eytoskeleton is loeked to 
peripheral proteins and to 
transmembrane proteins that 
are firmly attaehed to a layer 
of extracellular protein 
filaments and fibers. 



Basement Membrane 


The basement membrane, which is also ealled the 
basal lamina, is a noncellular structure produced by the 
basal surface of the epithelium and the underlying 
eonneetive tissue. 


The elear layer, or lamina lucida (LAM-i-nah LOO-si- 
dah; lamina, thin layer -i- laeida, elear) eontains 
glyeoproteins and a networkof fine protein filaments. 
It is produced by the adjaeent layer of epithelial eells. 


The dense layer, or lamina densa, eontains bundles of 
eoarse protein fibers. It gives the basement membrane 
its strength and aets as a filter that restriets diffusion 
between adjaeent tissues and the epithelium. 
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3 


At a tight junction, the attaehment is 
so tight that it prevents water and 


solutes from passing between eells. 


4 


A continuous adhesion belt forms a 
band that eneireles eaeh eell and 


binds it to its neighbors. The bands are 
dense proteins that are attaehed to the 
mierofilaments of the terminal web. 


5 


At a gap jnnetion, two eells are 
held together by interloeking 


transmembrane proteins ealled 
connexons. Gap jnnetions between 
epithelial eells are eommon where the 
movement of ions helps eoordinate 
fnnetions such as seeretion or eilia 
movement. Gap jnnetions are also 
eommon in other tissnes. For example, 
gap jnnetions in eardiae muscle tissue 
and smooth muscle tissue are essential 
in eoordinating muscle eell eontraetions. 


6 


At a desmosome, the opposing 


plasma membranes are loeked 
together. Desmosomes are very strong 
and dnrable, and help epithelial eells 
resist meehanieal stresses such as 
stretehing and twisting. 



At a tight junction, the lipid portions of the 
two plasma membranes are tightly bound 
together by interloeking membrane 
proteins. 




Connexons are ehannel proteins that form a 
narrow passageway and let small molecules 
and ions pass from eell to eell. Eaeh 
connexon is eomposed of six connexin 
proteins that form a eylinder with a eentral 
ehannel. A number of human diseases are 
caused by mutations in the genes that eode 
for different connexin proteins. 


, 



Cell adhesìon molecules (GAMs) are 

transmembrane proteins that bind to eaeh 
other and to extracellular materials. GAMs 
on the basolateral surface of an epithelium 
help bind the eell to the underlying 
basement membrane. 


The membranes of adjaeent eells may also 
be bonded by a thin layer of proteoglyeans 
that eontain polysaeeharide derivatives, 
most notably hyaluronan. 


Epithelia laek blood vessels, and for this reason they are said to be 
avascular without + vas^ vessel). Epithelial eells must obtain nutrients 
by diffnsion or absorption aeross either the exposed or the attaehed 
epithelial snrfaee. The eells forming the deepest layer of an epithelinm 
must remain firmly attaehed to nnderlying eonneetive tissnes, beeanse 
the blood vessels in those tissnes nonrish the entire epithelinm. 


Modyle 4.4 Revìew 


a. Identify the various types ofepithelial 
intercellular eonneetions. 

b. What is the functional signifieanee ofgap 
junctions? 

e. How do epithelial tissues, which are avascular, 
obtain needed nutrients? 


(S) 4.4 Discuss the types and functions of intercellular eonneetions between epithelial eells. 
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r 


The eells in a squamous epithelìum 
are flat and irregularly shaped 

The eells in a squamous epithelium (SKWÀ-mus; squamaj plate or seale) 
are thin, flat, and somewhat irregularly shaped, like pieees of a jigsaw 
puzzle. From the surface, the eells resemble fried eggs laid side by side. In 
seetional view, the dise-shaped nucleus occupies the thiekest portion of 
eaeh eell. 



A simple squamous epithelium is the body s most delieate type of epithelium. 
This type of epithelium is loeated in proteeted regions where absorption or 
diffnsion takes plaee, or where a sliek, slippery snrfaee rednees frietion. Simple 
squamous epithelia are found along passageways in the kidneys, inside the eye, and 
at the gas exchange snrfaees (alveoli) of the lungs. Simple squamous epithelia in 
eertain loeations have speeial names. A mesothelium lines the perieardial, plenral, 
and peritoneal body eavities. The simple squamous epithelinm lining the inner 
snrfaee of the heart and all blood vessels is ealled an endothelium. 



view of the peritoneum supporting 

underlying 

eonneetive 

tissue 



Nucleus Gytoplasm 



Simple squamous epithelia LM X 270 
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2 


A stratified squamous epithelium is generally loeated where 
meehanieal or ehemieal stresses are severe. The eells form a series of 


layers, like the layers in a sheet of plywood. Stratified squamous epithelia 
form the surface of the skin and line the mouth, throat, esophagus, rectum, 
anus, and vagina. 











% 




Squamous 
superficial eells 


Stem eells 


Basement 

membrane 

Gonneetive 

tissue 



Surface of the tongue 


LM X 400 


3 


On exposed body snrfaees, where 


meehanieal stress and dehydration are 
potential problems, apieal layers of epithelial 
eells are paeked with filaments of the protein 
keratin. As a result, superficial layers are both 
tough and water resistant. Such an epithelinm 
is said to be keratinized. A nonkeratinized 
stratified squamous epithelium resists 
abrasion but will dry out and deteriorate 
unless kept moist. Nonkeratinized stratified 
squamous epithelia are found in the mouth, 
pharynx, esophagns, anus, and vagina. 


Surface of human skin 



Keratinized skin eells Keratin fibers 



Modnle 4.5 Revíew 


a. Llndera light mieroseope, simple 
squamous epithelium is seen on the 
outer surface. Could this be a skin 
surfacesample? Whyorwhynot? 

b. Why do the pharynx, esophagus, anus, 
and vagina have a similar epithelial 
organization? 

e. What propertiesareeommon to 
keratinized epithelia? 


4.5 Deseribe the structure and function of squamous epithelium. 
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Cuboidal and transitional epitheiia iine 
several passagevvays and ehambers 
eonneeted to the exterior 


Cuboidal Epíthelíum 



The eells of a cuboidal epithelium resemble hexagonal 
boxes. (In seetional view, they appear square.) The 
spherieal nuclei are near the eenter of eaeh eell, and the 
distanee between adjaeent nuclei is roughly equal to the height 
of the epithelium. 


eonneetive 

tissue 

Basement membrane 

Simple 
cuboidal eells 

Lumen 
of duct 

Nucleus 



LM X 1400 


2 


A simple cuboidal epithelium provides limited 


proteetion and occurs where seeretion or absorption 
takes plaee. Such an epithelinm lines portions of the kidney 
tubules. They also line seeretory ehambers in the thyroid 
gland. 




Seetioned kídney tubule 


3 


Stratified cuboidal epithelia 

are relatively rare. They are 


loeated along the ducts of sweat 
glands and in the larger ducts of the 
mammary glands. 




Lumen 
of duct 

Stratified 
cuboidal eell 


Basement 
membrane 


Nucleus 


Gonneetive 

tissue 



LM X 1413 


Sweat gland duct 
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Transítíonal Epíthelíum 


4 


A transítíonal epithelmm is an unusual stratified epithelium. 


Unlike most epithelia, it tolerates repeated eydes of stretehing 
and reeoiling (retnrning to its previons shape) without damage. It is 
ealled transitional because the appearanee of the epithelinm ehanges 
as stretehing occurs. Transitional epithelia line the nrinary bladder, the 
nreters, and the urine-collecting ehambers within the kidneys, where 
large ehanges in volume occur. 


Epíthelíum ín a Relaxed Bladder 

In an empty nrinary bladder, the 
snperfieial eells are plump and 
enboidal with a dome-shaped 
snrfaee. 




Relaxed bladder 



Epithelium 

(relaxed) 


-Basement- 

membrane 

Gonneetive tissue and 



smooth muscle layers 


Epíthelíum ín a Stretehed Bladder 


When the nrinary bladder is full, 
the volume of urine has stretehed 
the lining to its limits, and the 
epithelinm appears flattened, and 
more like a stratified squamous 
epithelium. 




Stretehed bladder 


Epithelium 

(stretehed) 


Basement 

membrane 


Gonneetive tissue and 
smooth muscle layers 



IVIodule 4.6 Revìew 


a. Deseribetheappearaneeofsimple 

cuboidal epithelial eells in seetional view. 


b. Stratified cuboidal epithelia are assoeiated 
with what epithelial structures? 


e. Identify the epithelium that lines 
the urinary bladder and ehanges in 
appearanee as stretehing occurs. 



4.6 Deseribe the structure, function, and loeations of cuboidal and transitional epithelia. 
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In a typieal seetional view, the eells of a columnar 
epithelium appear reetangnlar. In reality, the densely 
paeked eells are hexagonal, but they are taller and 
more slender than eells in a cuboidal epithelium. The 
elongated nuclei are crowded into a narrow band elose 
to the basement membrane. The height of the epithelinm 
is several times the distanee between adjaeent nuclei. 


Simple Columnar Epíthelíum 



A simple columnar epithelinm is 

typieally found where absorption or 
seeretion takes plaee, as in the small intestine. 
These epithelia also line the stomaeh, 
gallbladder, nterine tubes, and ducts within 
the kidneys. These eells may have mierovilli, 
which inerease snrfaee area for absorption, or 
eilia that move snbstanees aeross the apieal 
snrfaee. In the stomaeh and intestinal traet, 
simple eolnmnar epithelia seeretions proteet 
nnderlying tissnes against ehemieals involved 
with digestion. 




Mierovilli 


eytoplasm 


Nucleus 


Basement membrane 
- Gonneetive tissue - 



LM X 350 


Intestínal líníng 
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Pseudostratified Columnar Epithelium 


Pseudostratified epithelia line the 
nasal eavities, the traehea, and 
larger airways of the lungs. They are 
also found along portions of the 
male reprodnetive traet. 


2 


A pseudostratified columnar epithelium includes several types of eells 


with varying shapes and fnnetions. The distanees between the eell nuclei and 
the exposed snrfaee vary, so the epithelinm appears to be layered, or stratified. It is 
not truly stratified, however, beeanse every epithelial eell eontaets the basement 
membrane. Psendostratified eolnmnar epithelial eells typieally have motile eilia. 




— Glia — 
eytoplasm 

- Nuclei - 


Basement 

membrane 

Gonneetive 

tissue 



LM X 394 


Traehea 


Stratífíed Columnar Epithelium 


3 


Stratified columnar epithelia are 

not widely distribnted in the body. 


These epithelia may have two or more 
layers. In the latter ease, only the snperfi- 
eial eells are eolnmnar in shape. Stratified 
eolnmnar epithelia are most often found 
lining large ducts such as those of the 
salivary glands or panereas. 




Gonneetive 

tissue 


Lumen 


Deeper 
eells 

Superficial 
columnar eells 



Lumen 



Gytoplasm 
— Nuclei - 

Basement 

menbrane 



Salívary gland duct 


LM X 175 


Modyle 4.7 Revìew 


a. Deseribe the appearanee ofsimple columnar 
epithelial eells in a seetional view. 

b. Explain why a pseudostratified columnar 
epithelium is not truly stratified. 

e. The columnar epithelium lining the intestine 
typieally has_on its apieal surface. 


4.7 Deseribe the structure, function, and loeations of columnar epithelia. 
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Glandular epìthelía are speeialized for seeretion 

Seeretion Methods 



Many epithelia eontain gland eells that are speeialized for seeretion. 
Collections of epithelial eells (or strnetnres derived from epithelial 
eells) that prodnee seeretions are ealled glands. They range from 
seattered eells to complex glandnlar organs. 

Some of these glands, ealled endoerine glands, 
release their seeretions into the interstitial flnid. 

Others, known as exocrine glands, release 
their seeretions into passageways ealled dnets 
that open onto an epithelial snrfaee. We 
eonsider exocrine glands here. Endoerine 
glands are disenssed in Ghapter 16. 


Glandnlar epithelial eells may release 
their seeretions in one of three ways: 
meroerine, apoerine, or holoerine seeretion. 


Maeìn is a meroerine seeretion that mixes 
with water to form mucus. l\/lucus is an 
effeetive lubricant, a proteetive barrier, 
and a stieky trap for foreign partieles and 
mieroorganisms. 


Seeretory vesiele 
(eontaining mucin) 

Golgi 
apparatus 


Nucleus 


TEM X 3120 



Salivary gland 




Mammary 


Sebaceous gland 



In meroerìne seeretìon (MER-u-krin; meros, part), the product is released from 
seeretory vesieles by exocytosis. This is the most eommon mode of exocrine seeretion. 


Gytoplasm breaks down 



Golgi apparatus 


Apoerìne seeretìon (AP-ó-krin; apo-, off) involves the loss of eytoplasm as well as the 
seeretory product.The apieal portion of the eytoplasm beeomes paeked with 
seeretory vesieles and is then shed. Milk production in the mammary glands involves 
a eombination of meroerine and apoerine seeretions. 



Gells burst, releasing 
eytoplasmie eontents. 



Gells produce seeretion, 
inereasing in size. 


Hair folliele 


Start 




Cell division replaees 


lost eells. 



Stem eell 


Holoerìne seeretìon (HOL-ó-krin; holos, entire) destroys the gland eell.The entire eell 
beeomes paeked with seeretory products and then bursts, releasing the seeretion and 
killing the eell. Further seeretion depends on destroyed eells being replaeed through 
stem eell division. Sebaceous glands, assoeiated with hair follieles, produce an oily 
hair eoating by means of holoerine seeretion. 
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Exocrine Gland Structure 


Three eharaeteristies are used to deseribe the structure of 


multicellular exocrine glands: the structure of the duct, the 
shape of the seeretory area of the gland, and the relationship 
between the duct and the seeretory areas. 


2 


A simple gland has a single duct that does not 
divide on its way to the gland eells. 


In a branehed gland, several seeretory areas 
(tubular or aeinar) share a duct. Note that 
"branehed" refers to the glandular areas, not to 
the duct. 


leaanDDDD 
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eonneetive 
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Duct 


tissue 



Gland 

eells 
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SIMPLE 

SIMPLE eOILED 

SIMPLE BRANGHED 

TUBULAR 

TUBULAR 

TUBULAR 

Examples: 

Examples: 

Examples: 

• Intestinal glands 

• Meroerine sweat 

• Gastrie glands 


glands 

• Mucous glands of 
esophagus, tongue, 
duodenum 


SIMPLE ALVEOLAR 

SIMPLE BRANGHED 

(AGINAR) 

ALVEOLAR 

Examples: 

Examples: 

• A stage in the embryonie 

• Sebaceous (oil) 

development of simple 
branehed glands; not 
found in adults 

glands 


Glands whose glandular eells form tubes are 
tubular; the tubes may be straight or eoiled. 


Glands whose glandular eells form sae-like 
poekets are alveolar (al-VÉ-ó-lar; alveolus, 
sae) or aeìnar (AS-i-nar; acinus, ehamber). 



In a eomponnd gland, the duct divides one 
or more times on its way to the gland eells. 


SaìEíIííH* 



\t|t|t|tit|t|t|t ititjti 



tjtit|tit|titit T¥íi ttit|titjt|tT¥]^ 
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Glands whose seeretory 
eells form both tubes 
and saes are ealled 

tubuloalveolar. 


COMPOUND 

COMPOUND ALVEOLAR 

COMPOUND 

TUBULAR 

(AeiNAR) 

TUBULOALVEOLAR 

Examples: 

Examples: 

Examples: 

• Mucous glands in mouth 

• Mammary glands 

• Salivary glands 

• Bulbourethral glands in 


• Glands of respiratory 

male reproductive system 


passages 

• Seminiferous tubules of 


• Panereas 

testes 




4 


In epithelia that have 


independent, seattered gland 
eells, the individnal seeretory eells 
are ealled mucous (goblet) eells, 
and they seerete mucin. The apieal 
eytoplasm is filled with large 
seeretory vesieles that look elear or 
foamy in a light mierograph. 



l\/lucin 

Golgi 

apparatus 

Nucleus 
l\/lucous eell 


Modnle 4.8 Revìew 


a. Namethetwo primarytypesofglands. 

b. \Nh\ch type of gland has no ducts and its seeretions 
are released direetly into the interstitial fluid? 

e. \Nhat mode of seeretion occurs in the seeretory eells 
of sebaceous glands, which fill with seeretions and 
then rupture, releasing their eontents? 


4.8 Deseribe the structure, function, and loeations of glandular epithelia. 


Seetion 1: EpithelialTissae • 149 



















































Labelíng 


Label the types of epithelial tissues 
shown in the drawing to the right. 





Goneept map 

Use the following terms onee to fìll in the blank 
boxes to eorreetly eomplete the map. 

endoerine glands 

ducts 

mucous eells 
apoerine seeretion 
interstitial fluid 
mucus 

meroerine seeretion 
epithelial surfaces 
mucin 

exocrine glands 
holoerine seeretion 


Glandular epìthelìa 



maybe 



are ealled 


whose seeretions enter 





10 


which seerete 

I 


thatopen onto 

I 



11 


with water forms 

I 


are ealled 



12 


mode ofseeretion 


by exocytosis 

Ý 


by loss ofeytoplasm 

Ý 


ì 


16 


are ealled 


17 


by loss ofeell 



Vocabulary 


VVrite the term for eaeh of the following deseriptions in the spaee provided. 


18 

19 

20 
21 
22 

23 

24 


Aterm meaning no blood vessels 
A gland whose glandular eells form sae-like poekets 

A type of epithelium that withstands stretehing and that ehanges in appearanee as stretehing occurs 
The eell junction formed by the partial fusion of the lipid portions of two plasma membranes 
The complex structure attaehed to the basal surface of an epithelium 
A gland that has a single duct 

The type of epithelium lining the perieardial, pleural, and peritoneal body eavities 


18 

19 

20 
21 
22 

23 

24 


Short answer 


Fill in the missing epithelium type or structure. 


Type of Epíthelíum 


Structure (or Organ) 


25 


Lining ofthe traehea 


Transitional epithelium 


26 


27 


Surface of the skin 


28 


Lining of the small intestine 


Type of Epíthelíum 


Structure (or Organ) 


Simple squamous epithelium 


29 


Cuboidal epithelium 


30 


31 


Ducts of sweat glands 
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Module4.9 


SECTION 2 • ConnectiveTissue 


A matrix surrounds eonneetive tissue eells 


Connective tissne varies widely in appearanee 
and fnnetion, but all forms share three 
basie eomponents: (1) speeialized eells, (2) 
extracellular protein fibers, and (3) a flnid 
known as ground snbstanee. Together, the 
extracellular fibers and ground snbstanee 
eonstitnte the matrix that surrounds the eells. 
Whereas eells make up the bulk of epithelial 
tissue, the matrix typieally accounts for most of 
the volume of eonneetive tissue. 


Functìons of Gonneetìve Tìssue 


• Establish a structural frannework for the body 

• Transport fluids and dissolved materials 

• Proteet delieate organs 

• Support, surround, and intereonneet other types 
of tissue 

• Store energy, espeeially in the form of triglyeerides 

• Defend the body from invading mieroorganisms 


Gonneetive Tissue 


The various types of eonneetive tissue occur throughout the 
body but they are never exposed to the outside environment. 
Many types of eonneetive tissue are highly vascular (that is, they 
have many blood vessels) and eontain sensory reeeptors that 
deteet pain, pressure, temperature, and other stimuli. 



Gonneetive Tissue Proper 

eonneetìve tìssue proper includes those 
eonneetive tissues with many types of 
eells and extracellular fibers in a syrupy 
ground substance. 



Loose 1 

Dense 

Fibers ereate loose. 


Fibers densely 

open framework 


paeked 

• areolar tissue 


• dense regular 

• adipose tissue 


• dense irregular 

• reticular tissue 


• elastie 


Fluid ConnectiveTissues 

Fluìd eonneetìve tìssues have 
distinetive populations of eells 
suspended in a watery matrix that 
eontains dissolved proteins. 



Flows within 

cardiovascular 

system 


Flows within 

lymphatie 

system 


Supporting Gonneetive Tissues 

Supportìng eonneetive tíssues differ 
from eonneetive tissue proper in having 
a less diverse eell population and a 
matrix eontaining much more densely 
paeked fibers. Supporting eonneetive 
tissues proteet soft tissues and support 
the weight of part or all of the body. 



eartìlage 

Solid, rubbery 
matrix 

• hyaline eartilage 

• elastie eartilage 

• fibroeartilage 


Bone 

Solid, erystalline 
matrix 




Module 4.9 Revìew 


a. Identifythethree basiccomponentsofconnectivetissue. 

b. Summarize the functions ofeonneetive tissue. 

e. Distinguish between eonneetive tissue proper, fluid 
eonneetive tissues, and supporting eonneetive tissues. 


(S) 4.9 Deseribe the general structure of eonneetive tissue. 
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Loose eonneetive tissoes support other tissue types 

Connective tissne proper eontains extracellular protein fibers, a viscous 
(syrupy) ground snbstanee, and two elasses of eells. Fixed eells are stationary 
and are involved primarily with loeal maintenanee, repair, and energy 
storage. Wandering eells primarily defend and repair damaged tissnes. The 
number of eells at any given moment varies depending on loeal eonditions. 


Loose Gonneetive Tissues 

The body eontains three types of loose eonneetive 
tissnes: areolar tissue, adipose tissue, and retienlar tissue. 



Areolar tissue is the 
most eommon form of 
eonneetive tissue proper in 
adults. It is the general 
paeking material in the 
body. All of the eell types 
found in other forms of 
eonneetive tissue proper ean 
be found in areolar tissue. 


Fìxed Cells 


Melanoeytes are pigment 
eellsthat synthesize 
melanin, a brovvnish- 
yellovv pigment. 


Fìxed maerophages are 

stationary phagoeytie 
eells that engulf eell 
debris and pathogens. 


Mast eells are fixed eells 
that stimulate loeal 
inflammation and 
mobilize tissue defenses. 


Fìbroblasts are fixed eells 
that synthesize the 
extracellular fibers of the 
eonneetive tissue. 


Adìpoeytes (fat eells) are 
fixed eells that store lipids 
in large intracellular 
vesieles. 


Red blood eell 
in vessel 


Ground substance fills the spaees betvveen eells 
and surrounds eonneetive tissue fibers. In all forms 
of eonneetive tissue proper, ground substance is 
elear, eolorless, and viscous due to the presenee of 
proteoglyeans and glyeoproteins. 


Fibers 

Retìcular fìbers 

are strong and 
form a branehing 
netvvork. 

eollagen fìbers are thiek, 
straight or vvavy, and 
often form bundles.They 
are very strong and resist 
stretehing. 

Elastìe fìbers are slender, 
branehed, and very 
stretehy.They reeoil to 
their original length after 
stretehing or distortion. 



Wanderíng Cells 

Plasma eells are aetive, 
mobile immune eells that 
produce antibodies. 


Free maerophages are 

vvandering phagoeytie 
eells that patrol the tissue, 
engulfing debris or 
pathogens. 


Mesenehymal eells are 

mobile stem eells that 
repair damaged tissues. 


Neutrophìls and 
eosìnophìls are small, 
mobile, phagoeytie blood 
eells that enter tissues 
during infeetion or injury. 


Lymphoeytes are mobile 
eells of the immune 
system. 
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Adipose tissue is found deep to the skin, espeeially at the flanks, buttocks, 
and breasts. It also forms a layer that provides padding within the orbit of the 


eyes, in the abdominopelvie eavity, and around the kidneys. The distinetion 
between areolar tissue and adipose tissue is somewhat arbitrary. Adipoeytes 
account for most of the volume of adipose tissue, but only a fraetion of the volume 
of areolar tissue. 




Adipoeytes 



LM X 340 



3 


Reticular tissue is found in the liver, kidney, spleen, lymph nodes, and 
bone marrow, where it forms a tough, flexible network that provides 


snpport and resists distortion. In retienlar tissue, reticular fibers ereate a complex 
three-dimensional snpporting 
network known as a stroma. Fixed 
maerophages and fibroblasts are 
present in retienlar tissnes, but 
these eells are seldom visible 
because the stroma is dominated 
by eells that are unique to the 
organ under eonsideration and 
have speeialized hmetions. 



Reticular 

fibers 



LM X 375 


Modyle 4.10 Revíew 


a. Identify thetypesofcellsfound in 
eonneetive tissue proper. 

b. Deseribetheroleoffibroblastsin 
connectivetissue. 

e. VVhieh typeofconnectivetissue 
eontains primarily lipids? 


4.10 Deseribe the structure, function, and loeations of areolar tissue, 
adipose tissue, and reticular tissue. 
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Dense eonneetive tissues are dominated 
by extracellular fìbers, vvhereas fluid 
eonneetive tissues have a liquid matrix 

Dense Gonneetive Tíssues 

Extracellular fibers make up most of the volume of dense eonneetive tissnes. 

The body has three types of dense eonneetive tissnes: dense regnlar eonneetive 
tissue, dense irregnlar eonneetive tissue, and elastie tissue. 


Dense regnlar eonnee- 
tive tissue is found in 
eords (tendons) or sheets 
eonneeting skeletal mnseles to 
bone, and in eords (ligaments) 
that intereonneet bones or 
stabilize the positions of 
internal organs. The forees 
applied to these eords and 
sheets arrive from a eonsistent 
direetion: parallel to the long 
axis of the eollagen fibers. 





eollagen 

fiber 


Fibroblast 

nuclei 



LM X 440 


Tendon from trìeeps muscle 



In dense irregnlar eonneetive tissne, the 


fibers form an interwoven meshwork in 
no eonsistent pattern. These tissnes strengthen 
and snpport areas snbjeeted to stresses from 
many direetions. Dense 
irregnlar eonneetive tissue 
forms (1) a eovering, or 
eapsnle, that sheathes 
viseeral organs; (2) a 
snperfieial layer eovering 
bones, eartilages, and 
peripheral nerves; and (3) 
a thiek snpporting layer in 
the skin (the dermis). 



eollagen 

fiber 

bundles 


Dermis 



LM X 111 


3 


Dense regnlar and dense irregnlar eonnee- 
tive tissnes eontain varying amonnts of 


elastie fibers. When elastie fibers outnumber 
eollagen fibers, the tissue is springy and resilient, 
allowing it to tolerate eyeles of extension and 
reeoil. This elastie tissue is found 
between vertebrae of the 
spinal column, in the walls 
of large blood vessels, in 
ligaments snpporting 
transitional epithelia, and 
the ereetile tissnes of the 
penis. 




Elastie 

fibers 


Fibroblast 

nuclei 



Elastíe lìgament between vertebrae 


LM X 887 
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Fluíd ConnectíveTíssues 


4 


Fluid eonneetive tissnes have a fluid matrix that includes many types of snspended proteins that 


under normal eonditions do not form insolnble fibers. In blood, this watery matrix is ealled 
plasma. Blood eells and platelets, eolleetively known as formed elements, are snspended in the plasma. 





Whìte Blood Cells 

Whíte blood eells are formed elements that 
help defend the body from infeetion and 

disease. Neutrophil 


Monoeytes are Lymphoeytes are 


phagoeytes 
similarto the 
free maero- 
phages in 
othertissues. 


uncommon in the blood 
but they are the 
dominant eell type in 
lymph, the seeond type 
of fluid eonneetive tissue. 


Eosìnophíls and neutrophíls 

are phagoeytes. Basophìls 
promote inflammation much 
like mast eells in other 
eonneetive tissues. 


Eosinophil 


Basophil 


Platelets 

Platelets are formed 
elements eonsisting of 
membrane-enelosed 
paekets of eytoplasm. 



These eell fragments 
are involved in the 
elotting responsethat 
seals leaks in 
damaged or broken 
blood vessels. 



Extracellular Fluíd Círculatíon 


Start 




Arterìes earry blood away 
from the heart and into 
the tissues of the body. 


Heart 



Veìns earry blood from 
eapillary beds to the heart. 



eapíllarìes are the smallest and most delieate 
blood vessels. All exchange between the 
blood and interstitial fluid occurs at eapillaries. 



At eapillary networks, blood pressure 
forees water and small solutes out of 
the bloodstream to form interstitial 
fluid in the surrounding tissues. 


Lymph forms as interstitial fluid enters 
lymphatie vessels. 


Lymphatie vessels form a network 
that returns lymph to large veins near 
the heart. 


5 


Extracellular fluid includes both plasma and interstitial fluid. Blood is 
normally eonfined to the vessels of the eardiovasenlar system, and 


eontraetions of the heart keep it in motion. As blood flows throngh body tissnes, 
water and solntes move from the plasma into the surrounding interstitial fluid. 
Lymph, the seeond type of fluid eonneetive tissue, is formed as interstitial fluid 
drains into lymphatie vessels that begin in peripheral tissnes and empty into the 
venous system. The continuous recirculation of extracellular fluid is essential to 
homeostasis. It helps eliminate loeal differenees in the levels of nntrients, 
wastes, or toxins; maintains blood volume; and alerts the immune system to 
infeetions that may be under way in peripheral tissnes. 


l\/lodule4.11 Revìew 


a. Laek ofvitamin C in the diet interferes with the 
ability of fibroblasts to produce eollagen. How 
might this affeet eonneetive tissue function? 

b. VVhieh two types ofeonneetive tissue have a 
liquid matrix? 

e. Summarizethe roleof extracellularfluid in 
maintaining homeostasis. 


4.11 Deseribe the structure, function, and loeations of dense eonneetive 
tissues and fluid eonneetive tissues. 
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Module 4.12 



eartílage provides a flexible support for body structures 

In eartilage, the matrix is a firm gel that eontains polysaeeharide derivatives ealled ehondroitin 
snlfates (kon-DROY-tin; ehondrosj eartilage). Ghondroitin snlfates form complexes with 
proteins in the gronnd snbstanee, prodneing proteoglyeans. Gartilage eells, or ehondroeytes 
(KON-dró-sits), are the only eells in the avasenlar eartilage matrix. They oeenpy small ehambers 
known as laennae (la-KOO-nè; lacuSj lake). The physieal properties of eartilage depend on the 
proteoglyeans in the matrix and on the type and abnndanee of extracellular fibers. 


Hyaline Gartílage 



Hyaline eartilage is found between 
the tips of the ribs and the bones of the 
sternnm, eovering bone snrfaees at 
movable joints, snpporting 
respiratory passageways, 
and forming part of the 
nasal septum. It provides 
stiff but somewhat 
flexible snpport and 
rednees frietion 
between bony snrfaees. 



ehondroeytes 
in lacunae 


l\/latrix 


Hyalíne eartílage from shoulder joínt 

Elastie eartílage 



2 


Elastie eartilage snpports 
the external ear and a 


number of smaller internal 
structures. Its 
numerous elastie 
fibers allow it to 
distort without 
damage and 
return to its 
original shape. 




Elastíe eartílage from external ear 

Fíbroeartílage 


ehondroeyte 
in lacuna 


Elastie fibers 
in matrix 



LM X 358 



Fibroeartilage is extremely dnrable 
and tough beeanse it has little ground 


snbstanee and its matrix is dominated by 
densely interwoven eollagen 
fibers. Fibroeartilage pads 
are found within the knee 
joint, between the pubic 
bones of the pelvis, and 
in the intervertebral dises 
of the vertebral column. 

It resists eompression, 
prevents bone-to-bone 
eontaet, and limits 
relative movement. 



Fìbroeartílage from intervertebral dise 


Gollagen 
fibers in 
matrix 


ehondroeytes 



LM X 400 
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4 


Gartilage is generally set apart from surrounding 
tissnes by a eovering ealled a perichondrium 


(per-i-KON-drè-um; peri-y around). The periehon- 
drium eontains two distinet layers: an outer, fibrous 
layer of dense irregnlar eonneetive tissue, and an inner, 
eellnlar layer. The fibrons layer gives meehanieal 
snpport and proteetion and attaehes the eartilage to 
other structures. The cellular layer is important to the 
growth and maintenanee of the eartilage. Blood vessels 
in the periehondrinm provide oxygen and nntrients to 
the nnderlying ehondroeytes. 



Hyaline eartilage LM X 250 


Perichondrium 


Apposìtìonal Growth 


Dividing stem eell 


Perichondrium 


ehondroblasts 


ehondroeyte 


Fibroblast 









New matrix 


l\/lature 

ehondroeytes 

Older matrix 


Apposìtìonal growth 

adds new layers of 
eartilage to the 
surface. 


Cells in the cellular layer 

The ehondroblasts 

of the perichondrium 

seerete new matrix 

differentiate into 

and beeome 

ehondroblasts (im- 

separated from eaeh 

mature ehondroeytes). 

other. 



Dividing stem eells in the 
perichondrium continuously 
produce additional ehondroblasts. 
l\/leanwhile, ehondroblasts 
eompletely surrounded by matrix 
gradually mature into ehondroeytes. 


Interstìtìal Growth 

l\/latrix 

ehondroeyte 

Lacuna 








New 

matrix 



Interstìtìal growth 

A ehondroeyte undergoes division 


As daughter eells seerete additional matrix. 

enlarges the eartilage 

within a lacuna surrounded by 


they move apart, expanding the eartilage 

from within. 

eartilage matrix. 


from within. 


5 


Both interstitial and appositional growth occur during 
development before birth and throngh adoleseenee, but 


interstitial growth predominates. In normal adults, eartilage growth 
no longer occurs. However, in unusual circumstances—such as after 
eartilage has been slightly damaged or snbjeeted to excessive 
hormonal stimnlation—some repair may occur by appositional 
growth. After severe damage, eartilage is not repaired, and a fibrons 
pateh replaees the damaged area. 


Modnle 4.12 Revìew 


a. l\/lature eartilage eells are ealled_. 

b. \/\/hich eonneetive tissue fiber is eharaeteristie 
of the eartilage supporting the ear? 

e. If a person has a herniated intervertebral dise, 
which type of eartilage has been damaged? 


(S) 4.12 Deseribe the structure, function, and loeations of eartilage. 
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Module4.13 

j 


Bone provides a strong framevvork for the body 


Bone, or osseous (OS-è-us; os, bone) tissue, eontains a small volume of 
ground snbstanee. About two-thirds of the bone matrix eonsists of a mixture 
of calcium salts—primarily calcium phosphate, with lesser amounts of 
ealeinm earbonate. The rest of the matrix is dominated by eollagen fibers. 
This eombination gives bone truly remarkable properties. By themselves, 
calcium salts are hard but rather brittle, whereas eollagen fibers are strong 
and relatively flexible. In bone, the presenee of the minerals surrounding the 
eollagen fibers prodnees a strong, somewhat flexible eombination that is 

highly resistant to shattering. In its overall properties, bone ean eompete 
with the best steehreinforeed eonerete. In essenee, the eollagen fibers 


in bone aet like the steel reinforeing rods, and the 


eompaet bone also 
has a superficial 
layer of bone that 
was deposited 
during appositional 
growth of the bone. 
Because the matrix 
is solid and ealei- 
fied, interstitial 
growth eannot 
occur in bone. 


i 

T 


mineralized matrix aets like the eonerete. 



In eompaet bone the matrix is 
organized in eoneentrie layers 
around branehes of blood 
vessels within the bone. 


Gompaet 

bone 


Spongy 

bone 



A typieal long bone is hollow, and its walls 
eontain two different types of bone. The 
weight-bearing outer layer eonsists of well- 
organized eompaet bone, whereas a finer network 
of spongy bone lines the internal eavity. We 
eonsider the structural and fnnetional differenees 
between the two bone types in Ghapter 6. 



Llnlike eartilage, 
bone is highly 
vascular. Large 
vesselsoutsidethe 
bone are eonneeted 
to smaller vessels 
that supply areas of 
eompaet bone and 
the soft tissues that 
fill the interior 


2 


Gartilage and 
bone share a 


number of fnnetions, 
but these two snpport- 
ing eonneetive tissnes 
are organized very 
differently. 


A eomparison of Gartilage and Bone 

Gharaeterìstìe 

Gartìlage 

Bone 

Cells 

ehondroeytes in lacunae 

Osteoeytes in lacunae 

Ground 

substance 

ehondroitin sulfate (in 
proteoglyean) and water 

A small volume of liquid surrounding insoluble 
erystals of calcium salts 

Fibers 

Gollagen, elastie, and reticular 
fibers in varying proportions 

Gollagen fibers predominate 

Vascularity 

None 

Extensive 

Govering 

Perichondrium (two layers) 

Periosteum (two layers) 

Strength 

Limited: bends easily, but hard to 
break 

Strong: resists distortion until breaking point 


158 • ehapter 4:Tìssue Leve! ofOrganìzatìon 






























































































Although the arrangement of the layers of bone may vary, the 
superficial and deeper layers share eommon structural features. 


Lacunae in the matrix eontain osteoeytes 
(OS-tè-ó-síts), or bone eells. The lacunae 
are typieally organized around blood 
vessels that braneh through the bony 
matrix. 


LM X 320 


Lacunae 


Canaliculi 


l\/latrix 


Layers of the Perìosteum 

The fibrous layer attaehes a bone to surrounding 
tissues and to assoeiated tendons and ligaments. 

The cellular layerfunctions in appositional bone 
grovvth and partieipates in repairs after an injury. 


Canalìculì (kan-a-LIK-u-lè; little eanals) are 
fine passagevvays that form a branehing 
netvvork for the exchange of materials 
betvveen blood vessels and osteoeytes. 
This is important because diffusion eannot 
occur through the ealeified matrix of bone. 


Except in joint eavities, vvhere they are eovered by a layer 
of hyaline eartilage, bone surfaces are sheathed by a 
perìosteum (per-è-OS-tè-um) eomposed of fibrous (outer) 
and cellular (inner) layers. 


A eentral eanal at the eenter of an osteon 
eontains the blood vessels that provide 
oxygen and nutrients to the osteoeytes. 


Layers of matrix separate the lacunae. 
These layers are oriented along the main 
axis of the bone. 


Modyle 4.13 Revíew 


The functional 
unit of eompaet 


bone is ealled an osteon. 


Osteon 


IJnlike eartilage, bone undergoes extensive remodeling 
throughout life, and eomplete repairs ean be made even after 
severe damage has oeenrred. Bones also respond to the 
stresses plaeed on them, growing thieker and stronger with 
exercise and beeoming thin and brittle with inaetivity. 


a. Distinguish betvveen the tvvo types of 
supporting eonneetive tissues vvith 
respeet to their eharaeteristie fibers. 

b. l\/lature bone eells in lacunae are ealled 


e. The functional unit of eompaet bone is 
ealled a(n)_. 


(S) 4.13 Deseribe the structure and function of bone. 
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Module4.14 


r 


Membranes are physkal barrìers, and faseìae 

ereate ìnternal eompartments and dìvìsìons 


Membranes 

A membrane is a physieal barrier. There are many different types of anatomieal 
membranes—you encountered plasma membranes in Ghapter 3, and you will find many 
other kinds of membranes in later ehapters. Here we eonsider membranes that line or 
eover body surfaces. These membranes typieally eonsist of an epithelium supported by 
eonneetive tissue. Four of these membranes occur in the body: mucous membranes, 
serous membranes, the cutaneous membrane, and synovial membranes. 


l\/lucous Membranes 

l\/lucous membranes, or mucosae 
(mO-KO-sè), line passagevvays and ehambers 
that communicate vvith the exterior, including 
those in the digestive, respiratory, reproduc- 
tive, and urinary traets.These epithelial 
surfaces must be kept moist to reduce frietion 
and, in many eases, to faeilitate absorption or 
seeretion.The epithelial surfaces are 
lubricated either by mucus (produced by 
mucous eells or multicellular glands) or by 
fluids such as urine or semen. 


Serous Membranes 

Serous membranes, or serosae (se-RÒ-sè), 
eonsist of a mesothelium supported by 
areolar tissue.They are extremely delieate 
and never direetly eonneeted to the 
exterior.Three serous membranes line the 
body eavities of the trunk: (1) the pleura, 
vvhieh lines the pleural eavities and eovers 
the lungs; (2) the perìcardìum, vvhieh lines 
the perieardial eavity and eovers the heart; 
and (3) the perìtoneum, vvhieh lines the 
peritoneal eavity and eovers the surfaces of 
viseeral organs. 


The Cutaneous Membrane 

The cutaneous membrane eovers the 
surface of the body. It eonsists of a 
stratified squamous epithelium and a layer 
of areolar tissue reinforeed by underlying 
dense irregular eonneetive tissue. In 
eontrast to serous and mucous 
membranes, the cutaneous membrane is 
thiek, relatively vvaterproof, and usually dry. 
We take a eloser look at the cutaneous 
membrane in Ghapter 5. 



l\/lucous 

seeretion 

Epithelium 


The lamìna proprìa (PRO-prè-uh) 
is a layer of areolar tissue that 
supports the mucous epithelium. 


A vvatery serous fluid diffusing from 
underlying tissues eoats the surfaces 
of a serous membrane and prevents 
frietion. 



Mesotheliom 
Areolar tissue 



Epithelium 


Areolar tissue 

Dense irregular 
eonneetive tissue 
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Synovìal Membrane 

A synovìal membrane lines freely movable 
joint eavities but does not eover the opposing 
joint surfaces. Although the eovering of the 
synovial membrane is often ealled an epithe- 
lium, it differs from true epithelia in four 
respeets: 

(1) It develops vvithin a eonneetive 
tissue, (2) no basement membrane 
is present, (3) gaps of up to 1 mm 
may separate adjaeent eells, and 
(4) the synovial fluid and eapillaries 
in the underlying eonneetive tissue 
are continuously exchanging fluid 
and solutes. 


Synovìal Membrane 

Epithelium 


Areolar tissue 



Hyaline eartilage eovers the bone 
surface vvithin the joint eavity. 


Synovìal (si-NO-vé-ul) fluid, vvhieh 
fills the joint eavity, is produced and 
regulated by the synovial membrane. 


Gapillary 


Fibrous capsule 


Adipoeytes 


Faseiae 


Faseiae (FASH-è-è; singular, faseia) are eonneetive tissue layers that 
support and surround organs. The faseiae eonsist of three types of layers: 
the superficial faseia, the 
deep faseia, and the 


Body vvall 


subserous faseia. 


Gonneetíve Tíssue Framevvorkof the Body 






Superficíal 

Faseia 

Deep Faseía 

Subserous 

Faseía 

• Lies between the 

• Forms a strong. 

• Lies between 

skin and underly- 

fibrous internal 

serous membranes 

ing organs 

framework 

and deep faseia 


Gonsists of areolar 
tissue and adipose 
tissue 


Gonsists of dense 
irregular eonnee- 
tive tissue 

Is continuous with 
or bound to eap- 
sules, ligaments, 
and othereon- 
nectivetissue 
structures 


Gonsists entirely 
of areolar tissue 


Serous membrane 



Cutaneous membrane of the skin 


Modyle 4.14 Revìew 


a. Name the four types of membranes found in 
the body. 

b. VVhieh eavities in the body are lined by serous 
membranes? 

e. A sheet oftissue has many layers ofeollagen 
fibers that run in different direetions in 
successive layers.VVhieh type oftissue isthis? 


4.14 Deseribe the arrangements of epithelial and eonneetive tissues in the four types of membranes, 
and the structures and loeations of the three types of faseiae. 
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Goneept map 

Use the follovving terms onee to fìll in the blank 
boxes to eorreetly eomplete the map. 


loose eonneetive tissue 
ehondroeytes in lacunae 
fluid eonneetive tissue 
tendons 



Gonneetìve tìssue 




ligaments 

regular 

hyaline 

blood 

adipose 

bone 



Ý 


types 


Ý 



Ý 


types 

Ý 


eells 


Sheets 



types 



1 






Ý 



Ý 

2 


Areolar 





Ý 



framevvork 


"Fat" 


adipoeytes 

Stroma 




types 



ì 


eontains 





types 



3 






Ý 


é 

/s 



Ý 


forms 




surrounds 



examples 


Faseiae 


Elastie 



Ý 



types 


Ý 



Ý 


10 



Ý 

eells 



9 






Ý 

eon tains 

Osteoeytes 
in lacunae 


types 

I 


Ý 


Elastie 


Fibroeartilage 


Voeabnlary 

In the spaee provided, vvrite the boldfaeed terms introduced in this seetion that eontain the indieated vvord part. 


11 


12 


13 


14 


peri- (around) 

os- (bone) 
ehondro- (eartilage) 

inter- (between) 


11 


12 


13 


14 


15 


lacus- (lake) 


15 


Enter the appropriate term for eaeh deseription belovv. 



19 

20 
21 
22 


A eartilage eell 
Bone tissue 

A type of eartilage that has a matrix vvith little ground substance 
and large amounts of eollagen fibers 

Cells that store lipid reserves 

The membrane that lines freely movable joint eavities 
The membrane that eovers the surface of the body 
Separates eartilage from surrounding tissues 


16 

17 

18 

19 

20 
21 
22 



































































































































































































Module4.15 


SEGTION 3 • MuscleTíssueand NeuralTìssue 




Muscle tìssue outweìghs neural tìssue by 25:1 

As we have seen, epithelia eover snrfaees and line passageways, 
and eonneetive tissnes snpport and intereonneet parts of the body. 

Together, these tissnes provide a strong, interwoven framework 
within which the organs of the body ean fnnetion. When we 


eonsider the eolleetive weight of the four types of tissue 
in the body, eonneetive tissnes make 
up about 45 pereent of the 
total body weight. Muscle 
tissue contributes the 
most, and neural 
tissue the least, 
to body weight. 


Epithelial tissue 

3% 





Speeialized neurons in the brain LM X 350 


This pie ehart shows 
the pereentages by 
weight of the four tissue 
types in the body. 



l\/luscleTissue 



V 



Skeletal l\/luscleTíssue 


Gardíae IVIuscle Tíssue 


bS 



Skeletal nnuscle tissue moves 
the body by pulling on bones 
of the skeleton, making it 
possible for us to walk, danee, 
bite an apple, or play the 
guitar. 


Gardiae muscle tissue 
eontraetions move blood 
within the heart and 
through the blood vessels. 






Smooth muscletissue 
eontraetions move fluids and 
solids along the digestive traet 
and regulate the diameters of 
small arteries, among other 
functions. 





In this seetion we eonsider the histology of muscle tissue 
and neural tissue. We only provide an overview of these 
tissue types because additional details will be given in later 
ehapters dealing with the muscular system, nervous system, 
cardiovascular system, and digestive system. 


l\/lodule 4.15 Revíew 


a. What is the relative pereentage of body 
weight from eaeh of the four tissue types? 

b. List the three elassifieations of muscle 
tissue. 

e. Deseribe a function for eaeh type of 
muscletissue. 


(S) 4.15 Deseribe the relative proportions of muscle tissue and neural tissue in the body. 
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Module4.16 



Muscle tíssue is speeìalized for eontraetion and 
neural tissue is speeialized for communication 

l\/luscleTissue 

Many vital fnnetions involve movement of one kind or another—movement of 
materials along the digestive traet, movement of blood aronnd the eardiovasenlar 
system, or movement of the body from one plaee to another. Movement is 
prodneed by muscle tissue, which is speeialized for eontraetion. There are three 
types of mnsele tissne: skeletal mnsele, eardiae mnsele, and smooth mnsele. 



Skeletal muscle tissue is found in 
skeletal muscles, organs that also 
eontain eonneetive tissnes and neural tissue. 
The eells are long, eylindrieal, banded 
(striated), and have mnltiple 
nuclei (multinucleate). 


fffffnfníf/ffffr 









Striations 


Nuclei 


IVlysele 

fiber 



Skeletal muscles move or stabilize the position of the skeleton; 
guarcl entranees and exits to the digestive, respiratory, and 
urinary traets; generate heat; and proteet internal organs. 


LM X 180 


2 


Gardiae muscle tissue is found in 
the heart. Gardiae muscle eells, also 


known as eardioeytes, are short, 
branehed, and striated, 
usually with a single 
nucleus. These eells are 
intereonneeted at speeial- 
ized intereellnlar jnnetions 
ealled interealated dises. 

They help synehronize 
eardioeyte eontraetions. 






Nuclei 


Gardiae 
muscle eells 


interealated 

dises 


Striations 



LM X 450 


Gardiae muscle moves blood and maintains blood pressure. 


3 


Smooth muscle tissue is found 


throughout the body. For example, 
smooth muscle is found in the skin, in the 
walls of blood vessels, and in many 
digestive, respiratory, nrinary, and 
reprodnetive organs. The eells are short, 
spindle-shaped, and nonstriated, and 
have a single, eentral nucleus. 




Smooth 
muscle eells 


Nuclei 



LM X 235 
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Smooth muscle moves food, urine, and reproductive traet seeretions; eontrols 
diameter of respiratory passageways; and regulates diameter of blood vessels. 








































NeuralTissue 

Neural tissue, which is also known as nervons tissne, is speeialized to eondnet eleetrieal 
impnlses from one region of the body to another. Ninety-eight pereent of the nenral 
tissne in the body is in the brain and spinal eord, which are the eontrol eenters of the 
nervons system. Nenral tissne eontains two types of eells: (1) neurons (NOOR-onz; 
nenrOj nerve) and (2) several kinds of snpporting eells, eolleetively ealled nenroglia 
(noo-ROG-lè-uh or noo-ró-GLÉ-uh), or glial eells {gliaj glue). 


4 


Neurons transfer information from plaee to plaee and 
proeess information like living eompnter ehips. Their sizes 


and shapes vary widely. The longest eells in your body are 
nenrons. Many are as long as a meter (39 in.)! 


Mitoehondrion 



The dendrìtes (DEN-dríts; 
dendron, a tree) reeeive 
information, typieally 
from other neurons. 


The axon conducts that information to other 
eells. Because axons tend to be very long and 
slender, they are also ealled nerve fibers. 


Nucleus 


Mierofibrils and microtubules 


Nucleolus 


The eell body eontains a large nucleus and a prominent 
nucleolus, as well as various organelles.This is the site of 
information proeessing and the eontrol eenter for the eell 
as a whole. Most neurons laek eentrioles, so they eannot 
divide under normal circumstances. Neural tissue therefore 




Sites of eontaet 
with other eells 


5 


There are several different types of 
nenroglia, eaeh with speeifie 


fnnetions. Eaeh type has a distinetive 
appearanee related to its primary fnnetion. 
In general, nenroglia proteet, 
snpport, and repair neural 
tissue and maintain the 
nntrient supply to 
nenrons. 





Our conscious and unconscious thought proeesses refleet the 
communication among nenrons in the brain. Such communication 
involves the propagation of eleetrieal impnlses that are generated at 
the eell body and travel along the axon to reaeh other eells. 


Functìons of Neuroglìa 


• Maintain physieal structure of neural tissue 

• Repair neural tissue framework after injury 

• Perform phagoeytosis 

• Provide nutrients to neurons 

• Regulate the eomposition of the 
interstitial fluid surrounding neurons 


Modole 4.16 Revíew 


a. Deseribe the three types of muscle tissue. 

b. VVhieh type of muscle tissue regulates blood 
vessel diameter? 

e. Distinguish between neurons and neuroglia. 


(S) 4.16 Speeify the functions of muscle tissue and neural tissue. 


Seetion 3: Muscle Tissue and Neural Tissue • 165 
































Module4.17 


+ 


CLINICAL MODULE 



The response to tissue injury involves 
inflammation and regeneration 

Let s eonsider what happens after an injnry, foensing on the interaetion among 
different tissnes. Tissnes are not isolated from eaeh other; they eombine to 
form organs with diverse fnnetions. Therefore, any injnry affeets several types 
of tissne simnltaneonsly. These tissnes must respond in a eoordinated way to 
preserve homeostasis. The body utilizes two related proeesses, inflammation 
and regeneration, to restore homeostasis after an injury. 




When a tissue is injured, the body 
aetivates a general defense meehanism. 



Exposure to Pathogens and Toxìns 

An injured tissue eontains an 
abnormal eoneentration of patho- 
gens, toxins, waste products, and 


the ehemieals from injured eells. 


Mast Cell Aetìvatìon 



When an injury damages 
eonneetive tissue, mast eells 
release a variety of ehemieals. 
This proeess, ealled mast eell 
aetìvatìon, stimulates 


stimylates 


inflammation. 



Histamine 



Heparin 


Prostaglandins 



Regeneration inhibits further mast eell aetivation 



Regeneration 


Regeneratìon is the repair that occurs after the damaged 
tissue has been stabilized and the inflammation has subsided. 



As tissue eonditions return to normal, 
fibroblasts move into the area, laying 
down a network of eollagen fibers that 
stabilizes the injury site. This proeess 
produces a dense, collagenous frame- 
work known as sear tìssue. Over time, 
sear tissue is usually"remodeled"and 
gradually assumes a more normal 
appearanee. 
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Inflamimatìon produces several familiar indieations of injury: svvelling, redness, 
heat (vvarmth), and pain. Inflammation may also result from the presenee of 
pathogens, such as harmful baeteria, vvithin the tissues.The presenee of these 
pathogens constitutes an ìnfeetìon. Because all organs have eonneetive tissues, 
inflammation ean occur anyvvhere in the body. 


inereased Blood Flow 


In response to the released 
ehemieals, the smooth muscle 
tissue that surrounds loeal blood 
vessels relaxes, and the vessels 
dìlate, or enlarge in diameter.This 
dilation inereases blood flovv 
through the damaged tissue. 


inereased Vessel Permeabìlìty 


The dilation is aeeompanied by an 
inerease in the permeability of the 
eapillary vvalls. Plasma, including 
blood proteins, novv diffuses into 
the injured tissue, so the area 
beeomes svvollen. 





a 




Pain 1 

The eombination of abnormal 



eonditions vvithin the tissue 

% 


and the ehemieals released by 



mast eells stimulates nerve 

PAÌn ^ 


endings that produce the 



sensation of pain. 

à’ ^ 

V 



Over a period of hours to 
days, the cleanup proeess 
generally succeeds in 
eliminating the inflam- 
matory stimuli. 



inereased loeal temperature 

The inereased blood flovv and 
permeability causes the tissue 
to beeome vvarm and red. 


inereased oxygen and nutrients 

Vessel dilation, inereased 
blood flovv, and inereased 
vessel permeability result in 
enhaneed delivery of oxygen 
and nutrients. 





inereased phagoeytosís 

Phagoeytes in the tissue are 
aetivated, and they begin 
engulfing tissue debris and 
pathogens. Additional phagoeytes 
migrate into the tissue from the 
bloodstream, dravvn to the site by 
the abnormal loeal eonditions. 


Removal of toxìns and wastes 

The enhaneed circulation that 
inereases the volume of interstitial 
fluid also earries avvay toxins and 
vvaste products, distributing them 
to the kidneys for excretion, or to 
the liver for inaetivation. 





W 





Toxins 
and wastes 



Eaeh organ has a different ability to regenerate after injnry. This ability is 
direetly linked to the pattern of tissne organization in the injnred organ. 
Epithelia, eonneetive tissnes (except eartilage), and smooth mnsele tissne 
nsnally regenerate well, but skeletal and eardiae muscle tissues and neural 
tissue regenerate relatively poorly, if at all. Damaged areas that do regener- 
ate are often replaeed by sear tissue. The permanent replaeement of 
normal tissue by sear tissue is ealled fibrosis (fi-BRO-sis). Fibrosis in 
muscle and other tissnes may occur in response to injury, disease, or aging. 


l\/lodule 4.17 Revìew 


a. Identify thetvvo proeesses in the 
response to tissue injury. 

b. Whatarethefourindicationsof 
inflammation that occur follovving an 
i n j u ry ? 

e. Whycan inflammation occur in any 
organ in the body? 



4.17 Deseribe the roles of inflammation and regeneration in response to tissue injury. 
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IVIuscle tìssue 


Goneept map 



Vocabulary 


VVrite the term for eaeh of the follovving deseriptions in the spaee provided. 




A single structure that extends from the eell body of a neuron 
and earries information to other eells 

A speeialized intercellular junction betvveen eardiae muscle eells 



The supporting eells found in neural tissue 



IVluscle tissue that eontains large, multinucleate, striated eells 




l\/luscle tissue that regulates the diameter of blood vessels and 
respiratory passagevvays 

The repair proeess that occurs after inflammation has subsided 



The first proeess in a tissue's response to injury 



14 

15 

16 

17 


18 

19 


Seetíon ìntegratìon 

During inflammation, both blood flovv and blood vessel permeability inerease in the injured area. 

Deseribe hovv these responses aid the cleanup proeess and eliminate the inflammatory stimuli in the injured area. 
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CHAPTER 4 REVIEVV • Tissue Level of Organization 


Study Outlìne 


SEGTION 1 

V 


EpìthelìalTíssue 



Four types of tìssue make up the body 


p.135 


1 . Tìssues are eolleetions of eells and eell products that 
perform a limited number of speeialized functions. 

2. The study of tissues is ealled histology.The four basie 
tissue types reeognized by histologists are epíthelìal 
tìssue, eonneetìve tìssue, muscle tìssue, and neural 
tíssue. 



Mìeroseopes are used to study eells and tìssues 


p.l36 


3. The earliest mieroseopes required a light source and could 
magnify only 10 or 20 times.Today's light mieroseopes ean 
magnify up to 1000 times. Símple míeroseopes have one 
lens; compound míeroseopes feature more than one lens. 

4. Modern mieroseopes use beams of eleetrons instead 
of light and ean magnify over 1 million times. Gommon 
mieroseopes used in seientifie study today are the light 
mìeroseope, the transmìssìon eleetron mìeroseope, and 
the seannìng eleetron míeroseope. 


9. Intercellular attaehments include: tíght (occluding) 
junctíons, adhesìon belts, gap junctìons, and desmosomes. 

10. The basement membrane (basal lamina) of the eell 
eonsists of two layers: the elear layer (lamina lucida) and 
the dense layer (lamina densa).The basement membrane 
eonneets epithelium to underlying eonneetive tissue by 
means of hemìdesmosomes. 

11. Epithelial tissue is avascular, that is, it laeks blood vessels. 



The eells ìn a squamous epìthelìum are flat and ìrregularly 
shaped p. 142 


12. Sìmple squamous epìthelíum is a single layer of irregularly 
shaped eells that fit together like a jigsaw puzzle.This tissue 
is delieate, reduces frietion, and is found along passageways 
and in areas where absorption takes plaee. 

13. Simple squamous epithelium has speeial names in eertain 
body loeations. l\/lesothelìum lines the perieardial, pleural, 
and peritoneal body eavities, and endothelìum lines the 
inner surface of the heart and blood vessels. 


14. Stratìfied squamous epìthelìum has several layers and is 
loeated where meehanieal or ehemieal stresses are severe. 
This tissue may be keratínízed or nonkeratínìzed. 



Epìthelìal tìssue eovers surfaces, lìnes structures, and 
forms seeretory glands p. 138 


5. Epìthelíal tíssue includes epìthelìa and glands. Epithelia 
eover exposed surfaces and line internal passageways. 
Glands are seeretory structures and there are two types of 
glands: endoerìne glands and exocríne glands. 

6. Endoerine glands seerete hormones or precursors 
into interstitial fluid usually for distribution into the 
bloodstream. Exocrine glands seerete onto external 
surfaces or into ducts that eonneet to the exterior.The 
functions of epithelial tissue are to provide physieal 
proteetion, eontrol permeability, provide sensation, and 
produce speeialized seeretions. 



7. An epithelium has a base that is attaehed to adjaeent tissues, 
and an apíeal surface that faees the body exterior or internal 
spaee. Epithelial eells have three basie shapes: squamous, 
cuboìdal, and columnar. A sìmple epìthelíum is a single 
layer of eells; several 
layers eompose 
a stratífìed 
epìthelìum. 


Epìthelìal eells 
are extenslvely 
intereonneeted, both 
structurally and 
functlonally p. 140 

8. The physieal 
integrity of an 
epithelium depends 
on intercellular 
eonneetions and 
attaehment to 
underlying tissues. 


intereonneeted epithelial eells 




Cuboldal and transltlonal eplthella llne passageways and 
ehambers eonneeted to the exterlor p. 144 


15. Cuboídal epìthelíum 

resembles hexagonal 
boxes. Sìmple cuboìdal 
epìthelìum isfound 
where absorption occurs, 
as in the kidney tubules, 
or where seeretion 
takes plaee, as in the 
thyroid gland. Stratìfìed 
cuboìdal epíthelía are rare and loeated along 
the ducts of eertain exocrine glands. 

16. Transìtíonal epìthelìum is an unusual stratified 
epithelium. It allows for stretehing without damage. It 
lines the urinary bladder and other regions of the urinary 
system where volume ehanges occur. 




Columnar eplthella absorb substances and proteet the 
body f rom dlgestlve ehemleals p. 146 


17. Columnar epìthelíum appears rectangular. Sìmple 
columnar epìthelìum is found where absorption or 
seeretion takes plaee, such as the small intestine, stomaeh, 
and gallbladder. 

1 8. Pseudostratìfìed columnar epíthelía are often eiliated, 
and line the air passageways of the nasal eavities, traehea, 
and lungs. Stratífìed columnar epìthelìa are rare and line 
large ducts such as those in the salivary gland or panereas. 



Glandular eplthella are speelallzed for seeretlon 


p.l48 


19. eolleetions of epithelial eells that produce seeretions are 
ealled glands. Endoerìne glands release their seeretions 
direetly into interstitial fluid. Exocrìne glands release their 
seeretions into ducts or onto an epithelial surface. 
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CHAPTER 4 REVIEVV • Tissue Level of Organzation (continued) 


20. Glandular epithelial eells release their seeretions by 
meroerìne, apoerìne, or holoeríne modes. In meroerine 
seeretion, the most eommon mode, the product is released 
by exocytosis. Apoerine seeretion involves the loss of 
seeretory product and eytoplasm. In holoerine seeretion, 
gland eells beeome paeked with seeretions and then 
burst. 

21. Exocrine glands are eategorized as either símple or 
compound, based on the structure of the duct, the 
shape of the gland, and the relationship between the 
duct and the seeretory areas. Forms of simple exocrine 
glands are simple tubular, simple eoiled tubular, simple 
branehed tubular, simple alveolar (aeinar), or simple 
branehed alveolar. Forms of compound exocrine glands 
are compound tubular, compound alveolar (aeinar), or 
compound tubuloalveolar. 


30. There are three types of eartilage: hyalìne eartìlage, 
elastìe eartìlage, and fìbroeartìlage. Gartilage is 
separated from surrounding tissues by a structure known 

as the perìchondríum. 

31. Gartilage grows by two meehanisms. Apposítíonal 
growth adds new layers of eartilage to the surface, while 
ìnterstítíal growth enlarges the eartilage from within. 


P Bone provìdes a strong framework for the body p. 158 

32. Bone or osseous tíssue eontains a small volume of ground 
substance.The matrix of bone is mostly calcium salts (calcium 
phosphate and calcium earbonate) and eollagen fibers. 

33. A typieal long bone is hollow and its walls eontain either well- 
organized eompaet bone, or a network of spongy bone. 


4.13 


SECTION 2 


Gonneetìve Tìssue 



A matrìx surrounds eonneetìve tìssue eells p. 151 

22. Gonneetive tissue varies widely, but all forms eontain 
speeialized eells, extracellular protein fibers, and ground 
substance fluid. Gonneetive tissues provide a structural 
framework, transport fluids and materials, proteet organs, 
support and intereonneet other tissues, store energy, and 
defend the body. 

23. The three broad eategories of eonneetive tissue are 

eonneetìve tìssue proper, which includes loose and 
dense eonneetìve tíssues; f1uìd eonneetíve tìssues 
(blood and lymph); and supportìng eonneetìve tìssues 
(eartìlage and bone). 


4.10 

J 


Loose eonneetìve tìssues support other tìssue types 


p.l52 


24. Gonneetive tissue proper eontains extracellular protein 
fibers, a viscous ground substance, and eells that are either 

fìxed or wanderìng. 

25. The three types of loose eonneetive tissues are areolar 
tìssue (the most eommon), adípose tìssue, and retìcular 
tíssue. 



Dense eonneetìve tìssues are domìnated by extracellular 
fìbers, whereas fluìd eonneetìve tìssues have a lìquìd 
matrìx p. 154 

26. Extracellular fibers make up most of the volume of dense 
eonneetìve tìssues. 


27. The body has three types of dense eonneetive tissues: 

dense regular eonneetìve tìssue, dense ìrregular 
eonneetìve tìssue, and elastìe tìssue. 

28. Fluid eonneetíve tìssues have a fluid matrix eontaining 
many types of suspended proteins. In blood the watery 
matrix is ealled plasma. Red blood eells, whíte blood 
eells, and platelets, eolleetively known as formed 
elements, are suspended in the plasma. VVhite blood eells 
in plasma include monoeytes, lymphoeytes, eosìnophìls, 
neutrophíls, and basophìls. Lymph is formed from 
interstitial fluid and has roles in maintaining blood volume 
and alerting the immune system to infeetions. 



Gartìlage provìdes a flexìble support for body 
structures p. 156 

29. In eartílage the matrix is a fìrm gel. Gartilage eells, or 
ehondroeytes, occupy small ehambers known as lacunae, 
and are the only eells in the avascular matrix. 


4.14 


Membranes are physìeal barrlers, and faselae ereate 
Internal eompartments and dlvlslons p. 160 


34. Membranes line or eover body surfaces. l\/lucous membranes 
line passageways to the exterior, serous membranes line the 
eavities of the body trunk, the cutaneous membrane eovers 
the surface of the body, and synovìal membranes line freely 
movable joint eavities. 

35. Faseìae are eonneetive tissue layers that support and surround 
organs. Faseiae eonsist of three types of layers: the superfìcíal 
faseìa, the deep faseìa, or the subserous faseìa. 


SEGTION 3 • MuscleTíssue and Neural Tíssue 



Mnsele tlssue outwelghs neural tlssue by 25:1 


p.l63 


36. As a pereentage of body weight, the four tissue types 
contribute the following: Muscle tissue 50 pereent, 
eonneetive tissue 45 pereent, epithelial tissue 3 pereent, and 
neural tissue 2 pereent. 


4.16 

J 


Muscle tlssue Is speelallzed for eontraetlon and neural 
tlssue Is speelallzed for communlcatlon p. 164 


37. Movement is produced by muscle tìssue that is speeialized 
for eontraetion. There are three types of muscle tissue: 

skeletal muscle, eardìae muscle, and smooth muscle. 

38. Skeletal muscle tissue eomposes skeletal muscles, has long 
eylindrieal eells, is strìated, and has multiple nuclei. Gardiae 
muscle tissue forms the heart, has eells that are short and 
branehed, is striated, and eontains ìnterealated dises. 
Smooth muscle tissue is found throughout the body, and has 
eells that are spindle shaped, nonstriated, and with a single, 
eentral nucleus. 


39. Neural tìssue, or nervous tissue, is speeialized to conduct 
eleetrieal impulses. Neural tissue eontains two basie eell types. 
Neurons are the eells that conduct impulses and transfer 
and proeess information. Neuroglía, or glíal eells, proteet, 
support, and repair neural tissue. 



The response to tìssue ìnjury ìnvolves ìnflammatìon and 
regeneratìon p. 166 


40. Restoration of homeostasis after an injury involves two 
proeesses: inflammation and regeneration. 

41. Inflammatìon is indieated by swelling, redness, warmth, and 
pain.The inflammatory proeess removes damaged eells and 
tissue, and fights pathogens. Regeneratìon is the repair that 
occurs after the damaged tissue has been stabilized and the 
inflammation has subsided. 
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ehapter Revìew Questíons 


Labelíng 


Identify the three eategories of eartilage shown below. 



Identify the six eonneetive tissue types shown below. 



Identify the three eategories of muscle shown below. 




Mnltìple ehoìee 


Seleet the eorreet answer from the list provided. 



Tissue that is speeialized for eontraetion is 

Q a) epithelial tissue. 

Q b) eonneetive tissue. 

Q e) muscle tissue. 

Q d) neural tissue. 



The speeialized intercellular junctions found in eardiae muscle are 

Q a) hemidesmosomes. 

Q b) interealated dises. 

Q e) desmosomes. 

Q d) mierovilli. 



Golleetions of speeialized eells and eell products that perform a 
limited number of functions are ealled 


Q a) cellular aggregates. 
Q b) organs. 

Q e) tissues. 

Q d) organ systems. 



Axons, dendrites, and a eell body are eharaeteristie of eells 
loeated in 

Q a) neural tissue. 

Q b) eonneetive tissue. 

Q e) muscle tissue. 

Q d) epithelial tissue. 



Speeialized eells, extracellular protein fibers, and ground 
substance are eharaeteristie of which type of tissue? 

Q a) muscle tissue 
Q b) epithelial tissue 
Q e) neural tissue 
Q d) eonneetive tissue 



VVhieh of the following epithelia most easily permits diffusion? 

Q a) stratified squamous epithelium 
Q b) simple squamous epithelium 
Q e) transitional epithelium 
Q d) simple columnar epithelium 
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CHAPTER 4 REVIEVV • Tissue Level of Organzation (continued) 



The tissue lining the peritoneal eavity is an exannple of a 

Q a) mucous membrane. 

Q b) serous membrane. 

Q e) cutaneous membrane. 

Q d) synovial membrane. 



The addition of new layers of eartilage to the outer surface is 
which of the following types of growth? 

Q a) appositional 
Q b) interstitial 


Short answer 



VVhieh of the following is the most eommon form of eonneetive 
tissue proper? 

Q a) reticulartissue 
Q b) areolar tissue 
Q e) adipose tissue 
Q d) elastie tissue 



VVhieh of the following membranes line movable joints? 

Q a) mucous membranes 
Q b) serous membranes 
Q e) cutaneous membranes 
Q d) synovial membranes 



VVhy is stratified squamous epithelium well suited to form the 
surface of the skin and the lining of the mouth and throat? 



Differentiate between endoerine glands and exocrine glands. 



VVhieh two eell populations make up neural tissue? VVhat is the 
function of eaeh? 



VVhy are infeetions always a serious threat after a severe skin burn 
or abrasion? 



Deseribe the unique eharaeteristies you would expect to see 
when examining eardiae muscle tissue under a light mieroseope. 




During a lab praetieal, Jason examines a tissue that is eomposed 
of densely paeked protein fibers that are running parallel.There 
are no striations, but small nuclei are visible. Jason identifies the 
tissue as skeletal muscle. VVhy is Jason's ehoiee wrong, and which 
tissue is he probably observing? 

VVhilejogging through campus, Emily trips off a curb and falls 
onto the street. Her hands and exposed knees slide aeross the 
rough asphalt, resulting in deep abrasions. Outline the tissue 
injury response Emily's body will undergo. 


MasteringA&P® 

Aeeess more ehapter study tools online in the MasteringA&P Study Area: 

■ ehapter Quízzes, Ghapter PraetieeTest, Art-labeling Aetivities, 
Anímatíons, MP3 Tutor Sessions, and Glínieal Case Studies 


■ Praetiee Anatomy Lab PAL 


■ interaetive Physiology jp® 


■ A&P Flix 



■ PhysioEx 


PhysioEx 
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ehapter Integratìon • Applyíng what you have learned 


Some confusíon ín the hístology lab 

Alexis is a pre-nursing student enrolled in an anatomy 
and physiology elass. Althongh she is familiar with basie 
mieroseope use, she is having diffienlty identifying tissnes 
in a histology lab. She has plaeed a slide labeled simple 
eolnmnar epithelinm onto the mieroseope stage, and has 
foensed her mieroseope with the lowest objeetive. As a 
source of referenee she opens her text, Visual Anatomy & 
Physiology to Module 4.7, and elosely examines the light 
mierograph of simple eolnmnar epithelinm. To her dismay, 
the image in her mieroseope and the image in the text do 
not look at all alike. 



Explaìn the diserepaney. 

If you were her lab partner, how would you help her? 





What Alexis is seeing throagh her mieroseope. 
















These Learning 
Onteomes 
eorrespond 
bynnmberto 
this ehapter's 
modnles and 
indieate what 
you should be 
able to do after 
eompleting 
the ehapter. 

V J 


(S) 

Learning Onteomes 
arerepeated atthe 
bottomofeaeh 
module. 


SEGTION 1 • Functìonal Anatomy of the Skìn 


5.1 


5.2 


5.3 


5.4 


Deseribe the tissue structure of the integunnent and the functions of the 
integomentary system. 

Deseribe the main structural features of the epidermis, and explain the 
functional signifieanee of eaeh feature. 

Explain what accounts for individual differenees in skin eolor, and 
eompare basal eell eareinoma with malignant melanoma. 

Deseribe the structures and functions of the dermis and 
hypodermis. 

Deseribe the elassifieation of burns and the types of skin 
grafts. 


SECTION 2 • Aeeessory Structures of the Skin 


5.6 


5.7 


5.8 


5.9 


5.10 


5.11 


5.12 



Deseribe the main functions of the aeeessory 
structures of the integumentary system. 

Deseribe the meehanisms of hair production, and 
explain the structural basis for hair texture and eolor. 

Deseribe the various kinds of exocrine glands in the 
skin, and discuss the seeretions of eaeh. 

Deseribe the structure of a typieal nail. 

CUNICAL MODIILE Summarize the effeets of aging on 
the skin. 

Deseribe the interaetion between sunlight and endoerine 
functioning as they relate to the skin. 

CLINICAL MODLILE Explain how the skin responds to injury 
and is able to repair itself. 
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Module5.1 


SECTION 1 • Functìonal Anatomy of the Skìn 



The ìntegumentary system eonsists of 
the skín and varíous aeeessory structures 

The integumentary system is the most aeeessible and often the least appreeiated 
organ system. Often referred to simply as the skin or integnment (in-TEG-u-ment), 
this system makes up about 16 pereent of your total body weight. Its surface, 1.5-2 m^ 
in area, is eonstantly worn away, attaeked by mieroorganisms, irradiated by snnlight, 
and exposed to environmental ehemieals. The integnmentary system is the plaee 
where you and the ontside world meet—and your body s first line of defense against 
an often hostile environment. 


Cutaneous Membrane 


The epìdermìs (ep/, above) 
eonsists of a stratified 
squannous epithelium. 


Dermis 


Papillary layer 


Reticular layer 


The dermìs eonsists of a 
papillary layer of areolar 
tissue and a reticular layer of 
dense irregular eonneetive 
tissue. 


The hypodermìs 

(subcutaneous layer or 
superficial faseia) separates 
the integument from the 
faseia around deeper organs. 
Note that this tissue layer is 
not part of the integument. 



The integumentary system has two major 
eomponents: the cutaneous membrane and 
aeeessory structures that inelnde the hairs, nails, and 
exocrine glands (sebaeeons glands and sweat glands). 
Blood vessels and nerve fibers snpport skin fnnetions. 




Hair shaft 


Pore of sweat 
gland duct 

Taetile (Meissner's) 
corpuscle 

Sebaceous gland 


Arreetor pili muscle 


Sweat gland duct 

Hair folliele 

Lamellated 
(paeinian) corpuscle 

Nerve fibers 


Sweat gland 


Artery 

Vein 

The network of 
arteries and veins 
eonneeted to smaller 
vessels servieing the 
tissues of the integu- 
mentary system is the 
cutaneous plexus. 


Functions of the lntegumentary System 


• Proteet underlying tissues and organs against impaet, abrasion, fluid loss, and ehemieal attaek 

• Excrete salts, water, and organie wastes by integumentary glands 

• Maintain normal body temperature through either insulation or evaporative eooling, as needed 

• Produce melanin, which proteets underlying tissue from ultraviolet radiation 

• Produce keratin, which proteets against abrasion and serves as a water repellent 

• Synthesize vitamin D 3 , a steroid that is subsequently eonverted to ealeitriol, a hormone important to 
normal calcium metabolism 

• Store lipids in adipoeytes in the dermis and in adipose tissue in the hypodermis 

• Deteet touch, pressure, pain, and temperature stimuli, and relay that information to the nervous system 


Modyle 5.1 Revìew 


a. Identify the two major 
eomponents of the cutaneous 
membrane. 

b. Listthe variousaccessory 
structures of the integument. 

e. Identify the majorfunctions of 
the integumentary system. 


(S) 5.1 Deseribe the tissue structure of the integument and the functions of the integumentary system. 
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Module5.2 


r 


The epìdermis is eomposed of strata 
(layers) that have various functions 

The epidermis is dominated by keratinoeytes (ke-RAT-i-nó-sits), the 
body s most abnndant epithelial eells. These eells form several layers, or 
strata. Keratinoeytes are eontinnonsly prodneed by stem eell divisions in 
the deepest layers and are shed at the exposed snrfaee. 



Epi(dermis 


Epiedermal 

ri(dge 


The deeper layers 
of the epidermis 
form epidermal ridges, 
which extend into the 
dermis and are adjaeent 
to dermal projeetions 
ealled dermal papillae 
(singnlar, papilla; small, 
nipple-like proeess) 
that projeet into the 
epidermis. These ridges 
and papillae are 

signifieant beeanse they greatly inerease the snrfaee area for 
attaehment, firmly binding the epidermis to the dermis. 


Dermal 
papilla p 

Dermis - 



2 


Thin skin, which 
eovers most of the 


body snrfaee, eontains 
four strata. Thin skin is 
about as thiek as the wall 
of a plastie sandwich bag 
(ronghly 0.08 mm). 


3 


Thiek skin, found on the palms of the hands and the 


soles of the feet, eontains a fifth stratnm. It is about 
as thiek as a standard paper towel (ronghly 0.5 mm). Note 
that the terms “thiek” and “thin” refer to the relative 
thiekness of just the 
epidermis, not to the 
cutaneous membrane 
as a whole. 



Epidermis 


Dermis 


Thin skin 


LM X 225 


Dermal papilla 
Epidermal ridge 



LM X 225 
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Papillary layer of dermis J 
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Like all other epithelia, the epidermis laeks loeal blood vessels. Epidermal 


eells rely on the diffnsion of nntrients and oxygen from eapillaries within 
the dermis. As a resnlt, the eells with the highest metabolie demand are elosest 
to the nnderlying dermis. 


Layers of the Epìdermìs 

The stratum corneum (STRA-tum KOR-né-um; comu, horn) is at the exposed surface 
of both thiek skin and thin skin. It normally eontains 15 to 30 layers of keratinized 
eells. Keratinization is the formation of proteetive, superficial layers of eells filled with 
keratìn (KER-a-tin; keros, horn).The dead eells in eaeh layer of the stratum corneum 
remain tightly intereonneeted by desmosomes. It takes 7 to 10 days for a eell to move 
from the stratum basale to the stratum corneum.The dead eells generally remain in 
the exposed stratum corneum for an additional 2 weeks before they are shed or 
washed away.The stratum corneum is water resistant, but not waterproof. VVater 
from interstitial fluid slowly penetrates to the surface and evaporates into the 
surrounding air. You lose about 500 mL (about 1 pt) of water in this way eaeh day.The 
proeess is ealled ìnsensìble perspìratìon, because you are unable to see or feel 
(sense) the water loss. In eontrast, you are usually very aware of the sensìble 
perspìratìon produced by aetive sweat glands. 


In the thiek skin of the palms and soles, a stratum lucídum ("elear layer") separates 
the stratum corneum from deeper layers.The eells in this layer are flattened, densely 
paeked, largely without organelles, and filled with the proteins keratin and kerato- 
hyalìn (ker-a-tó-HÌ-a-lin).These proteins were synthesized while the eells were in the 
underlying stratum granulosum. By the time they reaeh the stratum lucidum, they 
are dead and undergoing dehydration. 


The stratum granulosum ("grainy layer") eonsists of three to five layers of keratino- 
eytes. By the time eells reaeh this layer, most have stopped dividing and have started 
making large amounts of keratin and keratohyalin. As these protein fibers develop, 
the eells grow thinner, and their membranes thieken and beeome less permeable. 


The stratum spìnosum ("spiny layer") eonsists of 8 to 10 layers of keratinoeytes 
bound together by desmosomes. Its name refers to the faet that the eells look like 
miniature pincushions in standard histologieal seetions.The stratum spinosum also 
eontains dendrìtìe (Langerhans) eells, which partieipate in the immune response by 
stimulating a defense against (1) mieroorganisms that manage to penetrate the 
superficial layers of the epidermis and (2) superficial skin eaneers. 


The stratum basale (STRA-tum buh-SAHL-ày) is the basal layer of the epidermis. 
Hemidesmosomes attaeh the eells of this layer to the basement membrane that 
separates the epidermis from the areolar tissue in the adjaeent papillary layer of the 
dermis. Basal eells dominate the stratum basale. Basal eells are stem eells whose 
divisions replaee the more superficial keratinoeytes that are lost or shed at the 
epithelial surface. Merkel eells involved with touch sensations are seattered among 
the basal eells. A Merkel eell along with a sensory nerve terminal is ealled a taetile 
dise. VVe will discuss taetile dises and deeper-lying taetile corpuscles of the skin in 
Module 5.4. 



SEM X 25 


This seanning eleetron mierograph 
of the tip of an index finger shows 
the ridge patterns in the thiek skin that 
prodnee fingerprints. These ridge shapes 
are determined by genes and by the 
intranterine environment dnring fetal 
development. Your epidermal ridge 
pattern is unique and does not ehange 
during your lifetime. 


Moclule 5.2 Revìew 


a. Identify the layers of the epidermis (from deep to 
superficial). 

b. Dandruff is caused by excessive shedding of eells 
from the outer skin layers of the scalp.Thus, dandruff 
is eomposed of eells from which epidermal layer? 

e. A splinter that penetrates to the third layer of the 
epidermis of the palm is lodged in which layer? 


5.2 Deseribe the main structural features of the epidermis, 
and explain the functional signifieanee of eaeh feature. 
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Module5.3 
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Faetors ìnfluencing skin eolor include 
epidermal pigmentation and dermal circulation 


Skin eolor is inflneneed by the presenee of pigments 
in the skin, the degree of dermal eirenlation, and the 
thiekness and degree of keratinization in the epidermis. 




Melanoeytes 
in stratum 
basale 


Melanin 

pigment 


The primary pigments involved in skin eoloration are 
earotene and melanin. The mierograph at left shows 
a seetion throngh the thin skin of a light-skinned person. 
The ratio of melanoeytes to basal eells ranges between 1:4 
and 1:20, depending on the region of the body. The skin 
eovering most areas of the body has abont 1000 melano- 
eytes per square millimeter. Differenees in skin pigmenta- 
tion among individuals do not refleet different nnmbers of 
melanoeytes, but instead different levels of melanin 
synthesis. A defieieney or absenee of melanin prodnetion 
leads to a disorder known as albínísm. Individnals with 
this eondition have a normal distribntion of melanoeytes, 
but the eells are ineapable of prodneing melanin. The figure 
below shows a single melanoeyte in the stratnm basale. 


Basement 

membrane 



Keratinoeyte 


Melanosomes travel within the proeesses of melanoeytes and are 
transferred intaet to keratinoeytes.The transfer of pigmentation 
eolors the keratinoeyte temporarily, until the melanosomes are 
destroyed by fusion with lysosomes. In people with pale skin, this 
transfer occurs in the stratum basale and stratum spinosum, and 
the eells of more superfical layers lose their pigmentation. In 
dark-skinned people, the melanosomes are larger, and the transfer 
may occur in the stratum granulosum as well. Forthis reason, skin 
pigmentation is darker and more persistent. 



Melanìn is a brown, 
yellow-brown, or blaek 
pigment produced by 

melanoeytes. 



The melanoeytes are 
loeated in the stratum 
basale, squeezed 
between or deep to the 
epithelial eells. 
Melanoeytes manufac- 
ture melanin from the 
amino aeid tyrosine 
and paekage it in 
intracellular vesieles 
ealled melanosomes. 



Garotene (KAR-uh-tèn) is an 
orange-yellow pigment that 
normally accumulates in 
epidermal eells. It is most 
apparent in the stratum 
corneum eells of light- 
skinned people, but it also 
accumulates in fatty tissues 
in the deep dermis and 
hypodermis. Garotene is 
found in orange vegetables, 
such as earrots and some 
squashes. 


Basement membrane 


The eolor of one's skin is 
genetieally programmed. 
However, inereased pigmen- 
tation, ortanning, ean result 
in response to ultraviolet 
(UV) radiation. 
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Hair 


2 


The blood supply affeets skin eolor because blood 
eontains red blood eells filled with the red pigment 


hemoglobin. When bound to oxygen, hemoglobin is bright 
red, giving eapillaries in the dermis a reddish tint that is 
most apparent in lightly pigmented people. If those vessels 
are dilated, the red tones beeome much more pronounced. 
For example, your skin beeomes flnshed and red when your 
body temperature rises because the superficial blood vessels 
dilate so that the skin ean aet like a radiator and lose heat. 
When its blood supply is temporarily reduced, the skin 
beeomes pale. A light-skinned person who is frightened may 
“turn white” due to a sudden drop in blood supply to the 
skin. During a snstained rednetion in blood flow, the oxygen 
levels in the tissnes deeline. Under these eonditions, hemo- 
globin releases oxygen and turns a much darker red. Seen 
from the snrfaee, the skin then takes on a bluish eoloration 
ealled eyanosis (si-uh-NO-sis; kyanos, blue). In people of 
any skin eolor, eyanosis is easiest to see in areas of very thin 
skin, such as the lips or beneath the nails. 



Papillary layer 


Gapillary loop of 

subpapillary 

plexus 


The subpapìllary 
plexus lies deep to 
the papillary layer of 
the skin.This network 
of blood vessels 
supplies blood to 
eapillaries that 
provide oxygen and 
nutrients to the 
dermis and epidermis. 


Cutaneous 

plexus 



3 


Skin eaneers are the most eommon types of eaneers. 
The most eommon form of skin eaneer is a basal eell 


eareinoma. This eaneer originates in the stratnm basale, due 
to mutations caused by overexposure to the UV radiation in 
snnlight. Metastasis virtnally never occurs in basal eell 
eareinomas, and most people snrvive these eaneers. The 
melanin in keratinoeytes provides some proteetion against 
the effeets of UV radiation beeanse the melanosomes are 
eoneentrated around the nucleus, where they aet like 
sunshades for the enelosed DNA. 



In eontrast, a malígnant 
melanoma (mel-a-NO-muh) 
is extremely dangerous. In this 
eondition, eaneerons melanoeytes 
grow rapidly and metastasize 
throngh the lymphatie system. The 
ontlook for long-term snrvival is in 
many eases determined by how 
early the eondition is diagnosed. If 
the eaneer is deteeted early, while 
it is still loealized, the affeeted area 
ean be snrgieally removed, and the 
5-year snrvival rate is 99 pereent. If the eondition is 
not deteeted until extensive metastasis has oeenrred, 
the 5-year snrvival rate drops to 14 pereent. 


Modyle 5.3 Revìew 


a. Name the two pigments eontained in 
theepidermis. 

b. Whydoesexposuretosunlightor 
sunlamps darken skin? 

e. Why doestheskin ofafair-skinned 
person appear red during exercise in 
hot weather? 


5.3 Explain what accounts for individual differenees in skin eolor, 
and eompare basal eell eareinoma with malignant melanoma. 
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Module5.4 


W 


The dermìs supports the epìdermis, and the 
hypodermís eonneets the dermis to the rest of the body 


The dermis lies between the epidermis and the hypodermis. The presenee 
of two types of fibers enables the dermis to tolerate limited stretehing. 
Gollagen fibers are very strong and resist 
stretehing, but are easily bent or twisted. 

Elastie fibers permit stretehing and then 
reeoil to their original length. These elastie 
fibers allow flexibility, and the eollagen 
fibers limit that flexibility to prevent tissue 
damage. Aging, hormonal ehanges, and the 
destrnetive effeets of nltraviolet radiation 
permanently reduce the amount of elastin 
in the dermis. The resnlts are wrinkles and 
sagging skin. 


eapillary Dermal 

papillae 


Epidermal 


Papillary 

layer 



The papillary layer eonsists of a 
highly vasenlarized areolar tissue 
with all of the typieal eell types within it. 
This layer also eontains the eapillaries, 
lymphatie vessels, and sensory nenrons that 
supply the snrfaee of the skin. The papillary 
layer gets its name from the dermal papillae 
that projeet between the epidermal ridges. 


Reticular 

layer 




Nerve 

fiber 


Cutaneous 

plexus 


Lymphatie 

vessel 



Reticular layer of dermis SEMX1500 



Adipoeytes 


Hypodermis 


SEM X 250 


2 


The reticular layer eonsists of an interwoven meshwork of 
dense irregular eonneetive tissue eontaining both eollagen 


and elastie fibers. Bundles of eollagen fibers extend superficially 
beyond the retienlar layer to blend into those of the papillary layer, 
so the boundary between the two layers is indistinet. Gollagen 
fibers of the retienlar layer also extend into the deeper hypodermis. 
In addition, the reticular and papillary layers of the dermis eontain 
networks of blood vessels, lymphatie vessels, nerve fibers, and 
aeeessory organs such as hair follieles and sweat glands. 


3 


The hypodermis is not part of the skin. It separates 


the skin from deeper structures. The hypodermis 
stabilizes the skin's position relative to underlying tissnes 
(such as skeletal mnseles or other organs) while permitting 
independent movement. Beeanse it is often dominated by 
adipose tissne, this layer is also an important energy 
storage site. 
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Touch Reeeptors 
of the Skìn 


Free nerve endìngs are 

sensitive to touch and 
pressure.They are found 
betvveen epidermal eells. 


Taetìle dises deteet 
sensations of texture and 
steady pressure. They are 
found in the deepest layer 
of the epidermis. 


Meíssner's (MÌS-nerz) 
corpuscles deteet sensa- 
tions of delieate touch 
("fine touch"), pressure, and 
vibration.They are found in 
the papillary layer of the 
dermis. 


Lamellated (paeinian) 
corpuscles are sensitive to 
deep pressure and 
vibration. They are found 
in both dermal layers and 
the hypodermis. 


Ruffini corpuscles are 

sensitive to pressure and 
stretehing of the skin.They 
are found in the reticular 
layer of the dermis. 


4 


The integument eontains many sensory 


reeeptors, and anything that eomes in eontaet 
with the skin—from the lightest touch of a mosquito 
to the weight of a loaded baekpaek—initiates a nerve 
impnlse that ean reaeh our conscious awareness. Eaeh 
square eentimeter of skin eontains approximately 400 
eentimeters of nerve fibers! We will focus on the main 
touch reeeptors found in the epidermis and dermis. 
Those found in the epidermis are free nerve endings 
and taetile dises. The dermis eontains Meissner's 
eorpnseles, lamellated (paeinian) eorpnseles, and 
Rnffini eorpnseles. 




Anterior 


Posterior 


5 


The banding shown here indieates the lines of 
eleavage in the skin. Gleavage lines are also 


ealled tension lines and Langer lines. Most of the 
eollagen and elastie fibers at any loeation are 
arranged in parallel bnndles oriented to resist the 
forees applied to the skin during normal movement. 
The resnlting pattern of fiber bnndles establishes 
lines of eleavage. These lines are elinieally signifieant: 
A cut parallel to a eleavage line will usually remain 
elosed and heal with little searring. A cut at right 
angles to a eleavage line will be pulled open as 
severed elastie fibers reeoil, resnlting in greater 
searring. For these reasons, snrgeons ehoose to 
make neat ineisions parallel to the lines of eleavage. 


Beginning at puberty, men accumulate subcutaneous fat at the neek, 
on the arms, along the lower baek, and over the bnttoeks. In eontrast, 
women accumulate subcutaneous fat at the breasts, buttocks, hips, 
and thighs. In adults of either gender, the hypodermis of the baeks of 
the hands and the upper surfaces of the feet eontains few fat eells, 
whereas distressing amonnts of adipose tissue ean accumulate in the 
abdominal region, prodneing a prominent ''potbelly.” 


Moelyle 5.4 Revìew 


a. Deseribe the loeation ofthe dermis. 

b. What accounts for the ability ofthe dermis 
to undergo repeated stretehing? 

e. Where are the eapillaries and sensory 

reeeptors that supply the epidermis loeated? 



5.4 Deseribe the structures and functions of the dermis and hypodermis. 
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Burns are sìgnífìeant ínjurìes 
that dannage skìn ìntegríty 

Burns are signifieant injuries because they ean damage the integrity of large 
areas of the skin and eompromise many essential fnnetions. For example, 
dehydration and eleetrolyte imbalanee ean result, leading to kidney impair- 
ment and eirenlatory shoek. Burns result from skin exposure to heat, 
frietion, radiation, eleetrieal shoek, or strong ehemieal agents. The severity 
of the burn depends on the depth of penetration and the total area affeeted. 


Partial-Thiekness Burns 


Full-Thickness Burns 



In a first'degree burn, only 
the snrfaee of the epidermis is 
affeeted. In this type of burn, which 
inelndes most sunburns, the skin 
reddens and ean be painfnl. The 
redness, a sign ealled erythema 
(er-i-TH£-muh), resnlts from 
inflammation of the sun-damaged 
tissnes. 



2 


In a seeond-degree burn, the 
entire epidermis and perhaps some 


of the dermis are damaged. Aeeessory 
structures such as hair follieles and 
glands are generally not affeeted, but 
blistering, pain, and swelling occur. If the 
blisters rupture at the snrfaee, infeetion 
ean easily develop. Healing typieally 
takes 1 to 2 weeks, and some sear tissue 


^ form. The gray shaded 


areas 



3 


Third-degree burns, or iull-thickness 
burns destroy the epidermis and 


dermis, extending into the hypodermis. 
Despite swelling, these burns are less painfnl 
than seeond-degree burns, beeanse sensory 
nerves are destroyed. Extensive third-degree 
burns eannot repair themselves, beeanse 
grannlation tissue eannot form and epithelial 
eells are unable to eover the injury. Skin 
grafting is usually neeessary. 



Burns that eover more than 
20 pereent of the skin snrfaee 
threaten eritieal homeostatie 

fnnetions of the skin. • Fluid and Eleetrolyte Balanee. Even areas with partial-thiekness burns lose their effeetiveness 

as barriers to fluid and eleetrolyte losses. In full-thickness burns, the rate of fluid loss through 
the skin may reaeh five times the normal level. 



Skin Functìons Affeeted by Burns 


• Thermoregulation. inereased fluid loss means inereased evaporative eooling. As a result, 
more energy must be expended to keep body temperature within aeeeptable limits. 


• Proteetion from Infeetion.The dampness of the epidermal surface, resulting from uncontrolled 
fluid loss, encourages baeterial growth. If the skin is broken, infeetion is likely. VVidespread 
baeterial infeetion, or sepsis (seps/s, rotting), is the leading cause of death in burn vietims. 
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Eaeh year in the United States, ronghly 4000 people die in 


fires or die of burn injuries. In evalnating burns in a elinieal 
setting, two key areas must be determined: the pereentage of skin 
that has been burned and the depth of the burns. 

The illnstration to the right shows a simple method of 
estimating the pereentage of the snrfaee area affeeted by burns. 
This method is ealled the rule of nines, beeanse the snrfaee area 
in adults is divided into mnltiples of 9. The rule must be modi- 
fied for ehildren beeanse their body proportions are different. 

The depth of the burn ean be quickly assessed with a pin. 
Beeanse loss of sensation is eharaeteristie of a full-thickness 
burn, the absenee of a reaetion to a pin priek indieates the 
presenee of third-degree damage. 


Head 9% 


Dpper limb 
9% eaeh 

Trunk 36% 
(front and baek) 

Genitalia 1% 


Lower limb 
18% eaeh 



Head 15% 

Trunk32% 

(front and baek) 

Llpper limb 9% eaeh 

Genitalia 1% 

Lower limb 
17% eaeh 


ADULT GHILD 
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Beeanse of the loss of eritieal homeostatie fnnetions, 
emergeney treatment of burns foenses on the following 


proeednres: 

♦ Replaeing lost fluids and eleetrolytes. 

♦ Providing snffieient nntrients to meet inereased metabolie 
demands for thermoregnlation and healing. 

♦ Preventing infeetion by eleaning and eovering the burn while 
administering antibiotie drugs. 

♦ Assisting tissue repair. Because large full-thickness burns eannot 
heal nnaided, snrgieal proeednres are neeessary to eneonrage 
healing. In a skin graft, areas of intaet skin are transplanted to 
eover the site of the burn. A split-thiekness graft involves a 
transfer of the epidermis and snperfieial portions of the dermis. 
A full-thickness graft involves the epidermis and both layers of 
the dermis. A skin graft made with a patient s own nndamaged 
skin is ealled an antograft. If enough undamaged skin is laeking, 
then an allograft (frozen skin from a eadaver) or xenograft 
(animal skin) may be neeessary. Due to rapid rejeetion by the 
immune system, both allografts and xenografts need to be 
replaeed by an antograft. 



With fluid-replacement therapies, infeetion eontrol methods, 
and grafting techniques, young patients with burns 
over 80 pereent of the body have about a 50 pereent ehanee 
of reeovery. Reeent advanees in eell culturing may improve 
survival rates. After a square eentimeter or so of undamaged 
epidermis is removed and grown in the laboratory, basal eell 
divisions produce large sheets of epidermal eells—up to 
several square meters in area—that ean be transplanted to 
eover the burn area. Although questions remain about the 
strength and flexibility of the repairs, skin cultivation is a 
breakthrough in the treatment of serious burns. 


Modyle 5.5 Revíew 


a. Distinguish between a first-degree, seeond- 
degree, and third-degree burn. 

b. VVhieh type of burn usually requires skin 
grafting?VVhy? 

e. Deseribethethreetypesofskin grafts. 
VVhieh one is best? VVhy? 


(S) 5.5 Deseribe the elassifieation of burns and the types of skin grafts. 
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Goneept map 



Stratum basale 


Stratum spinosum 


eonsists of 

I 

Loose eonneetive tissue 


eonsists of 
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eonsists of 


Stratum 



Gapillaries 


Stratum corneum 



• Dense 
eonne 

í, ir 
eti 

regular 
ve tissue 

• 

/ 

fibers 






tissue 


10 


eells 


Short answer 

Identify and deseribe the parts of the 
cutaneous membrane and the underlying 
layer of loose eonneetive tissue in the 
diagram at right. 


12 


13 


11 


14 


15 



Seetíon ìntegratìon 


Deseribe why melanoeyte malignaneies are often fatal. 


16 


A firefighter is in the emergeney room with serious burns. He tells the doetors that they really don't hurt much. 
Should they be eoneerned or relieved by this eomment? Why? 


17 
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SECTION 2 • AeeessoryStructuresoftheSkìn 


Hair follìeles, exocrme glands, and naìls are 
also eomponents of the íntegumentary system 

Hair and several other structures—hair follieles, exocrine glands (sebaeeons and 
sweat glands), and nails—are eonsidered aeeessory structures of the integu- 
ment. During embryonie development, these structures originate from the 
epidermis, so they are also known as epidermal derivatives, Althongh loeated in 
the dermis, they projeet throngh the epidermis to the snrfaee. The aeeessory 
structures of the integumentary system and their fnnetions are shown below. 



Integumentary f 
System i 



Cutaneous 

membrane 



Epìdermìs 



Dermìs 



Hair follieles, sebaceous glands, and sweat glands develop from 
epithelial columns, eords of epidermal eells that grow into the dermis. 


Hair Follíeles 




Epithelial 

eolymn 



• Produce hairs that proteet skull 

• Produce hairs that provide delieate 
touch sensations on general body 
surface 


Aeeessory 

structures 



Exocrlne Glands 



1 

t 

Epithelial 
column ' 

7 Jjl 

|V wf 

Sweat glands 

• Assist in thermoregulation 

• Excrete wastes 

Sebaceous glands 

' • Lubricate epidermis 

] 


2 


Nails begin as thiekenings of the epidermis near the tips of the fingers 
and toes. These thiekened areas settle into the dermis and form a 


distinet epidermis-dermis borderline and nail field eontaining basal eells. 


Nalls 



Nail field 




• Proteet and support tips 
of fingers and toes 


Modnle 5.6 Revíew 


a. What are epidermal derivatives? 

b. What are the two examples ofexocrine glands in the integument? 
e. Deseribe the functions of the integument's aeeessory structures. 


(S) 5.6 Deseribe the main functions of the aeeessory structures of the integumentary system. 


185 












































































Module5.7 


r 


Haìr is eomposed of dead, keratinized 
eells prodoeed in a speeialized hair folliele 

Hairs projeet above the surface of the skin almost everywhere, except over the 
sides and soles of the feet, the palms of the hands, the sides of the fingers and 
toes, the lips, and portions of the external genitalia. The human body has about 
2.5 million hairs, and 75 pereent of them 
are on the general body snrfaee, not on 
the head. Hairs are nonliving structures 
produced in organs ealled hair follieles. 


A sebaceous gland produces 
seeretions that eoat the hair 
and the adjaeent skin surface. 


The hair shaft, which we see on the 
surface, begins deep within the hair folliele. 



A hair folliele is a complex 
structure eomposed of epithelial 
and eonneetive tissnes that forms a single 
hair. Terminal hairs are large, eoarse, 
often darkly pigmented hairs such as 
those found on the sealp or the armpits. 
Vellns hairs are smaller, shorter, and 
more delieate hairs found on the general 
body snrfaee. 


2 


Hair formation begins at the expanded 


base of a hair folliele ealled the hair 
bulb. The mass of epithelial eells making up 
the hair bulb forms a eap that surrounds a 
small hair papilla, a peg of eonneetive tissue 
eontaining eapillaries and nerves. 


The cutícle of the hair eonsists of daughter 
eells produced at the edges of the hair matrix. 
The cuticle forms the surface of the hair. 


The cortex of the hair is an intermediate 
layer of daughter eells deep to the cuticle. 


The imedulla of the hair eonsists of daughter 
eells formed at the eenter of the hair matrix. 


The hair imatrìx eonsists of a layer of basal 
eells at the base of the hair bulb in eontaet 
with the hair papilla.These aetively dividing 
eells produce the hair. As these eells divide, 
daughter eells are gradually pushed toward 
the surface. Melanoeytes are also seattered 
among the eells of the hair matrix. 


The hair papilla is a small eonneetive tissue 
peg filled with blood vessels and nerves. 


The hair root —the portion that anehors 
the hair into the skin—extends from the 
base of the hair folliele, where hair produc- 
tion begins, to the point where the hair 
shaft loses its eonneetion with the walls of 
thefolliele. 


A eonneetive tissue sheath surrounds the 
epithelial eells of the hair folliele. 


A root hair plexus of sensory nerves 
surrounds the base of eaeh hair folliele. As 
a result, you ean feel the movement of the 
shaft of even a single hair. 




The arreetor pili 

(a-REK-tor Pì-lè; plural, 
arreetores pilorum) is a 
smooth muscle whose 
eontraetion pulls on 
the folliele, foreing the 
hair to stand ereet. 
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3 


A eross seetion 
throngh a hair 


folliele reveals the internal 
strnetnre of both the hair 
and the folliele. 


Haír Structure 

The medulla, or eore, 
of the hair eontains a 
flexible soft keratìn. 

The cortex eontains thiek 
layers of hard keratín, which 
give the hair its stiffness. 

The cuticle, although 
thin, is very tough and 
eontains hard keratin. 



Haìr Follìele Structure 


The ìnternal root sheath surrounds 
the hair root and the deeper portion of 
the shaft. It is also produced from the 
hair matrix. The eells of this sheath 
disintegrate quickly, and this layer does 
not extend the entire length of the hair 
folliele. 


The external root sheath eonsists of 
epithelial eells and extends from the 
skin surface to the hair matrix. 


The glassy membrane is a thiekened, 
elear basement membrane. 


Gonneetive tissue sheath 


4 


Hairs grow and are shed aeeording to a 
hair growth eyele. A hair in the sealp 



grows for 2 to 5 years, at a rate of abont 0.33 mm 
per day. Variations in the growth rate and in the 
dnration of the hair growth eyele aeeonnt for 
individnal differenees in the length of 
uncut hair. 



During the aetive phase the 
hair grows continuously. 



Thefollielethen begins 
to undergo regression 
and transitions to the 
resting phase. 


Variations in hair eolor refleet 
differenees in structure and 
variations in the pigment produced 
by melanoeytes at the hair matrix. 

Different forms of melanin give a dark 
brown, yellow-brown, or red eolor to the 
hair. As pigment production deereases with 
age, hair eolor lightens. Genes determine these structural and 
bioehemieal eharaeteristies, but hormonal and environmental 
faetors also inflnenee your hair s eondition. White hair resnlts 
from the eombination of a laek of pigment and the presenee 
of air bnbbles in the mednlla of the hair shaft. 


When folliele reaeti- 
vation occurs, the 
club hair is shed and 
the hair matrix begins 
producing a replaee- 
ment hair. 



During the restìng 
phase the hair loses its 


attaehment to the folliele 
and beeomes a club hair. 


Modyle 5.7 Revíew 


a. Deseribe a typieal strand of hair. 

b. What happens when an arreetor pili 
musclecontracts? 

e. Why is pulling a hair painful, yet cutting 
a hair is not? 


5.7 Deseribe the meehanisms of hair production, and 
explain the structural basis for hair texture and eolor. 
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Module5.8 


W 


Sebaceous glands and svveat glands 
are exocrìne glands in the skìn 

In this modnle we examine the structure and function of the aeeessory 
structures that produce exocrine seeretions, with partienlar attention 
to sebaeeons glands and sweat glands. These exocrine glands assist in 
thermoregnlation, excrete wastes, and inbrieate the epidermis. 



Sebaceous (se-BÀ-shns) glands, or oil glands, are holoerine 
glands that diseharge an oily lipid seeretion into hair follieles. 
Sebaeeons glands that eommnnieate with a single folliele share a 
duct and thus are elassified as simple branehed alveolar glands. 

The lipids released from gland eells enter the lumen (open 
passageway) of the gland. The arreetor pili muscle eontraets, 
squeezing the sebaeeons gland and foreing its seeretory prodnet 
into the hair folliele and eventnally onto the skin snrfaee. 


• - : 

Sebaceous Glands 

1 ■_ _■ 1 






Sebaceous glands seerete sebum (SÉ-bunn), which eoats 
the hair shaft and surrounding epidermal surfaces. Sebum 
is a mixture of triglyeerides, eholesterol, proteins, and 
eleetrolytes. Sebum lubricates and keeps the hair shaft from 
beeoming dry and brittle. It also moisturizes the surround- 
ing skin and inhibits the growth of baeteria. 
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Svveat Glands 





Sweat glands produce a watery solution by 
meroerine seeretion, flush the epidermal 
surface, and perform other speeial functions. 







Gonneetive 
tissue of 
dermis 


Lumen 


Apoerine 
gland eells 


Seetion of apoeríne 
sweatgland 


LM X 375 


Limited distribution (axillae, groin, nipples) 
Produce a viscous seeretion of complex 
eomposition 

Possible function in olfaetory communication 
Strongly influenced by hormones 
lnclude ceruminous glands of the external 
ear and mammary glands that produce milk 


V 




_k_ 


Myoepíthelìal eells (myo-, 
muscle) are eontraetile 
eells that squeeze the 
gland and diseharge the 
accumulated seeretion. 
They are also found in 
mammary glands, laerimal 
(tear) glands, and salivary 
glands. 


/. - 




Sweat pore 


2 


Apoerine sweat glands are 


found in the armpits (axillae), 
around the nipples, and in the pubic 
region, where they seerete into hair 
follieles. These glands prodnee a stieky, 

cloudy, and potentially odorons seeretion. Despite their name, these 
glands rely on meroerine seeretion. The adult integument also 
eontains 2-5 million meroerine sweat glands that diseharge their 
seeretions direetly onto the snrfaee of the skin. The palms and soles 
have the highest nnmbers, with the palm possessing an estimated 500 
meroerine sweat glands per square eentimeter (3000 per square ineh). 


Meroerine 
gland eells 


Lumen 



Seetion of meroerine 
sweatgland 


LM X 210 



Found in most areas of the skin 
Produce watery seeretions eontaining 
eleetrolytes 

Meroerine seeretion meehanism 
Gontrolled primarily by nervous system 
Important in thermoregulation and excretion 
Some antibaeterial aetion 


l\/lodule 5.8 Revìew 


a. Identify two types ofexocrine glands 
found in theskin. 

b. What are the functions ofsebaceous 
seeretions? 

e. Deodorants are used to maskthe 

effeets of seeretions from which type of 
skin gland? 


(S) 5.8 Deseribe the various kinds of exocrine glands in the skin, and discuss the seeretions of eaeh. 
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Module5.9 


r 


Naìls are thkk sheets of keratinízed epidermal 
eells that proteet the tips of fingers and toes 

Nails proteet the exposed dorsal surfaces of the tips of the fingers and toes. 

They also help limit distortion of the digits when they are subjected to 
meehanieal stress—for example, when you run or grasp objeets. 



These superficial and seetional views illnstrate 
eommon landmarks of nail structure. The nail body, 
the visible portion of the nail, is made up of dead, tightly 
eompressed eells paeked with keratin. The nail body is 
reeessed deep to the level of the surrounding epithelinm and 
is bonnded on either side by lateral nail grooves 
(depressions) and lateral nail folds (ridges). 



The body eovers an 
area of epidermis 
ealled the naìl bed. 


Nail body 


Direetion 
of grovvth 


Free edge 
of nail body 



Near the root, the der- 
mal blood vessels may 
be obscured, leaving a 
pale ereseent knovvn as 
the lunula (LOO-nu-la; 
luna, moon). 


Proximal nail fold 
Eponychium 




Nail production occurs at the 
naìl root, an epidermal fold 
not visible from the surface. 
The deepest portion of the 
nail root lies very elose to the 
bone of the fingertip. 




Llnderlying blood 
vessels give the nail its 
eharaeteristie pink eolor. 



Lateral nail groove 



A portion of the stratum corneum 
of the nail root extends over the 
exposed nail, forming the 
eponychìum (ep-ó-NIK-è-um; 
ep/, over -i- onyx, nail), or cutìcle. 


Proximal nail fold 


Lunula Nail body 


Lateral nail fold 


Phalanx 

(bone of fingertip) 




The free edge of the 
nail—the distal 
portion that continues 
past the nail bed— 
extends over the 
hyponychìum 
(hí-pó-NIK-è-um), an 
area of thiekened 
stratum corneum. 


Epidermis Dermis Phalanx 



The eells producing the nails ean be 
affeeted by eonditions that alter body 
metabolism, so ehanges in the shape, structure, 
or appearanee of the nails ean provide useful 
diagnostie information. For example, the nails 
may beeome pitted and distorted as a result of 
psoríasís (a eondition marked by rapid stem 
eell division in the stratnm basale), or eoneave, 
as a result of some blood disorders. 



IVIoclule 5.9 Revìew 


a. Deseribeatypiealfingernail. 

b. VVhere does nail production occur? 
e. Define hyponychium. 
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(S) 5.9 Deseribe the structure of a typieal nail. 








































































Module5.10 


+ 


CLINICAL MODULE 




Fewer Melanoeytes 

Melanoeyte aetivity 
deelines, and in 
light-skinned peoplethe 
skin beeomes very pale. 
With less melanin in the 
skin, people beeome 
more sensitive to sun 
exposure and more likely 
to experience sunburn. 


Drìer Epìdermìs 


Thinnìng Epídermís 


Dímíníshed lmmune Response 


Sebaceous gland 
seeretion deereases, 
and the skin 
beeomes dry and 
often sealy. 


The epidermis thins as basal eell 
aetivity deelines. Gonneetions 
betvveen the epidermis and dermis 
vveaken, making older people more 
prone to injury, skin tears, and skin 
infeetions.The skin's metabolie 
aetivity also deelines. Reduced vitamin 
D 3 production (see Module 5.11) leads 
to muscle vveakness and brittle bones. 


Altered Haìr and Fat Distributlon 


Fewer Aetive Follieles 


As sex hormone levels deerease 
vvith age, gender differenees 
vvith respeet to hair distribution 
and body-fat distribution begin 
to fade. 


Hair follieles stop 
functioning or 
produce thinner, 
finer hairs. Deereased 
melanoeyte aetivity 
makes these hairs 
gray or vvhite. 


Slower Skin Repair 

Skin repairs proeeed 
more slovvly. Thus, 
vvhereas repairs to an 
uninfected blister 
might take 3 to 4 
vveeks in a young 
adult, the same repairs 
could take 6 to 8 
vveeks at age 65-75. 


The number of dendritie 
(Langerhans) eells deereases to 
about half the levels seen at 
maturity (roughly age 21).This 
reduction in eells may deerease 
the sensitivity of the immune 
response and further encourage 
skin damage and infeetion. 



Thinning Dermis 


The dermis beeomes thinner and 
has fevver elastie fibers, making 
the integument vveaker and less 
resilient.The results—sagging and 
vvrinkling—are most pronounced 
in body regions vvith the most 
exposure to the sun. 


Deereased Perspiration 


Meroerine svveat glands beeome 
less aetive, and vvith impaired 
perspiration, older people eannot 
lose heat as fast as younger 
people. Thus, the elderly are at 
greater risk of overheating in 
vvarm environments. 


Reduced Blood Supply 

A reduction in dermal blood supply 
eools the skin, vvhieh ean stimulate 
thermoreeeptors and make a person 
feel eold even in a vvarm room. 
Reduced circulation and svveat gland 
function in the elderly lessens their 
ability to lose body heat, vvhieh ean 
allovv body temperatures to soar 
dangerously high vvith overexertion. 


Aging affeets all of the structures in the integnment. The 
major structural and fnnetional ehanges are snmmarized 
in this illnstration. The gradnal ehanges in the snperfieial 
appearanee of the skin provide visual cues that we use 
unconsciously to estimate a persons age. This aeeonnts 
for the popnlarity of eosmetie faeial snrgery. 


Modyle 5.10 Revìew 


a. Identify some eommon effeets of the aging proeess on skin. 

b. Why does hairturn vvhite or gray vvith age? 

e. Why do people tolerate summer heat less vvell and beeome 
more susceptible to heat-related illness vvhen they beeome 
older? 


(S) 5.10 Summarize the effeets of aging on the skin. 
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Module5.11 


r 


The ìntegument responds to cìrculatìng 

hormones and has endoerine functions 
that are stimulated by ultraviolet radiation 


Circulating Hormones 

The integumentary system is physieally and hmetionally tied to all other body 
systems. As a result, the state of the skin ean be an indieation of a persons health. 
Much of the communication between the skin and the rest of the body is ehemieal commu- 
nieation, as the speeialized eells of the integnment respond to levels of eirenlating hormones. 



Glucocortìcoìds 

Thyroìd Hormones 

1 SexHormones | 

Steroid hormones ealled glucocortìcoìds are 
released during times of stress.These 
hormones loosen the eonneetions between 
keratinoeytes and reduce the effeetiveness of 
the epidermis as a barrier to infeetion. 


Thyroìd hormones 

maintain normal blood 
flow to the subpapillary 
plexus. 

1 

Sex hormones stimulate epidermal eell divisions, 
inereasing epidermal thiekness and aeeelerating 
wound repair.These hormones also inerease the 
number of dendritie eells that defend against 
eaneer eells and pathogens. 



Growth Faetors 

Growth faetors are compounds produced in the 
body that stimulate eell growth and eell division. 
Dozens of growth faetors have been identified, 
but in many eases their origins and meehanisms 
of regulation are unknown. 

Epìdermal growth faetor (EGF) is a peptide 
growth faetor that has widespread effeets on 
epithelia throughout the body.This peptide is 
produced by the salivary glands and glands of 
the duodenum, the initial segment of the small 
intestine. 

EGF plays a role in: 

• Promoting basal eell division in the stratum 
basale and stratum spinosum 

• Aeeelerating keratin production in differentiat- 
ing keratinoeytes 

• Stimulating epidermal development and 
epidermal repair after injury 

• Stimulating synthetie aetivity and seeretion by 
epithelial glands 


Growth Hormone 

Growth hormone (GH) stimulates fibroblast 
aetivity and eollagen synthesis. Aeting 
through intermediary compounds, GH also 
stimulates basal eell divisions, thiekens the 
epidermis, and promotes wound repair. 
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Vítamìn D 3 Productìon 


2 


Although too much 


sunlight ean damage 
epithelial eells and deeper 
tissnes, limited exposure to 
sunlight is benefieial 
beeanse UV radiation plays 
a vital role in the synthesis 
of an important vitamin: 
eholeealeiferol 
(kó-le-kal-SIF-er-ol), or 
vitamin D 3 . 


The liverthen eonverts 
eholeealeiferol into an 
intermediary product used by 
the kidneys to synthesize the 
hormone ealeìtrìol 
(kal-si-TRÌ-ol). 


Sources of Vitamìn D 3 

Sunlìght: When exposed to ultraviolet radiation, 
epidermal eells in the stratum spinosum and 
stratum basale eonvert a eholesterol-related 
steroid into eholeealeiferol.This vitamin then 
diffuses aeross the basement membrane and 
enters eapillaries of the subpapillary plexus. 

Diet: eholeealeiferol ean be obtained from the 
diet, but few foods eontain it other than fish, 
fish oils, and shellfish, and even there its 
preseneeand quantities vary.Today, manyfood 
products areTortified with vitamin D"—most 
notably milk, soy milk, and orange juice. 


Sunlight 


Food 




Steroid compound 



Epidermis 


eholeealeiferol 


■ • • Pì 



Liver 









Galeitriol 



Kidney 




Stimulation of 
calcium and 
phosphate ion 
absorption 



3 


The legs shown here are eharaeteristie of 
riekets, a eondition that resnlts in flexible, 
poorly mineralized bones. Riekets develops in a 
growing ehild whose skin is not exposed to snnlight, 
and whose diet does not inelnde a source of ehole- 
ealeiferol (vitamin D 3 ). The bones have the proper 
shape, but they laek rigidity because the bone 
matrix eontains inadequate amounts of ealeinm and 
phosphate. Riekets has largely been eliminated in 
the United States beeanse dairy eompanies are 
required to add eholeealeiferol, usually identified as 
“vitamin D,” to the milk sold in groeery stores. 

However, eholeealeiferol is required throughout life. 

Adults are less likely to develop riekets from eholeealeiferol defieieney, but bone 
density will deerease, inereasing the risk for fraetnres and slowing the healing 
proeess. The risks are espeeially acute for the elderly because skin prodnetion of 
eholeealeiferol deereases by about 75 pereent, even when exposed to snnlight. 


r 



Digestive traet 


Galeitriol is required for 
stimulating normal 
absorption of calcium and 
phosphorus in the small 
intestine. An inadequate 
supply of ealeitriol leadsto 
impaired bone growth and 
maintenanee. 



l\/lodule 5.11 Revíew 


a. List some hormones that are neeessary 
for maintaining a healthy integument. 

b. Explain the relationship between 
sunlight exposure and vitamin D3. 

e. In somecultures,females must be 
eovered from head to toe when 
they go outdoors. Explain why 
these women are at inereased risk of 
developing bone problems later in life. 


5.11 Deseribe the interaetion between sunlight and 
endoerine functioning as they relate to the skin. 


Seetion 2: Aeeessory Stmetares ofthe Skin • 193 
















































Module5.12 


CLINICAL MODULE 


+ 


r 


The ìntegument ean often repaír 
ítself, even after extensive damage 

The integumentary system often functions independently, responding 
direetly and antomatieally to loeal inflnenees without involving the nervons 
or endoerine systems. A dramatie display of loeal regnlation ean be seen after 
an injury to the skin. There are four phases in skin regeneration after injury: 
inflammatory, migratory, proliferation, and searring. 



An initial injury to the skin resnlts in 
mast eell aetivation, which stimnlates 
inflammation. Inflammation prodnees 
swelling, redness, heat (warmth), and pain 
(Module 4.17, p. 167). 


After several hours, a seab has formed and eells of the stratnm basale 
are migrating along the edges of the wound. Maerophages are remov- 
ing debris, and more of these phagoeytes are arriving via the enhaneed 
eirenlation in the area. Clotting aronnd the edges of the affeeted area 
partially isolates the region from adjaeent nndamaged tissnes. 




Immediately after the 
injury, mast eells in the Bleeding 

region trigger an occurs at the 

inflammatory response. site of injury. 



Migratory Phase 


The blood elot, or seab, that forms at the surface temporar- 
ily restores the integrity of the epidermis and restriets the 
entry of additional mieroorganisms into the area.The seab 
is red due to the presenee of trapped red blood eells. 



Maerophages patrol the 
damaged area of the 
dermis, phagoeytizing 
debris and pathogens. 


Cells of the stratum 
basale divide rapidly 
and migrate along the 
edges of the wound to 
replaee the missing 
epidermal eells. 


If the wound occupies an extensive area or involves a region 
eovered by thin skin, dermal repairs must be under way before 
epithelial eells ean eoverthe surface. Divisions by fibroblasts and 
mesenehymal eells produce mobile eells that invade the deeper 
areas of injury. Endothelial eells of damaged blood vessels also 
begin to divide, and new eapillaries grow in behind the fibroblasts, 
enhaneing circulation.The eombination of blood elot, fibroblasts, 
and an extensive eapillary network is ealled granulatìon tìssue. 


194 • ehapter 5:The lntegumentary System 
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One week after the injnry, the seab has been 


nndermined by epidermal eells migrating over 
a meshwork prodneed by fibroblast aetivity. Phago- 
eytie aetivity aronnd the site has almost ended, and 
the blood elot is disintegrating. 


4 


After several weeks, the seab has been shed. 


and the epidermis is eomplete. A shallow 
depression marks the injnry site, but fibroblasts in 
the dermis continue to ereate sear tissue that will 
gradually elevate the overlying epidermis. 


Prolìferatíon Phase 


Searrìng Phase 





Over time, deeper portions of the elot dissolve, and the 




Severely damaged hair follieles, sebaceous or 



number of eapillaries deelines. Continued proliferation 




sweat glands, muscle eells, and nerves are 



and aetivity by the fibroblasts produces eollagen fibers 




seldom repaired, and they too are replaeed by 



and ground substance.The repairs do not restore the 




fibrous tissue.The formation of this rather 



integument to its original eondition, however, because 




inflexible, fibrous, noncellular sear tìssue 



the dermis will eontain an abnormally large number of 




eompletes the repair proeess but fails to restore 



eollagen fìbers and relatively few blood vessels. 




the tissue to its original eondition. 







Fibroblasts 




Sear 

tissue 


5 


In some adults, most often those 


with dark skin, sear tissue formation 
may eontinne beyond the requirements of 
tissue repair. The result is a keloíd 
(KE-loyd), a raised, thiekened mass of sear 
tissue that begins at the site of injury and 
grows into the surrounding dermis. 
Keloids are eovered by a shiny, smooth 
epidermal snrfaee. Keloids ean develop 
anywhere on the body where the tissue 
has been injnred, inelnding as a result of 
surgeries. They are harmless and eonsid- 
ered by some to be a eosmetie problem. In 
some cultures, however, keloids are 
produced intentionally as a form of body 
deeoration. 



Modyle 5.12 Revíew 


a. Identify the first step in skin repair. 

b. Describegranulation tissue. 

e. Why ean skin regenerate effeetively 
even after eonsiderable damage? 



5.12 Explain how the skin responds to injury and is able to repair itself. 
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Labelíng 

Label the structures of a typieal nail in the aeeompanying figures. 



Label the structures 
of a hairfolliele in 
the aeeompanying 
figure. 



16 


17 


18 


19 


20 


■* ■ 



Matehìng 


Mateh eaeh lettered term with the most elosely related deseription. 


a. malignant melanoma 

b. keloid 

e. nail root 

d. sebum 

e. apoerine sweatglands 

f. eponychium 

g. EGF 


h. vitamin D 


3 


i. reticular layer of dermis 

j. meroerine sweat glands 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


Produced by epidermal eells stimulated by UV radiation 

Epithelial fold not visible from the surface 

Found in the armpit 

Peptide produced by salivary glands 

Site of hair production 

Excessive scartissue 

Oily lipid seeretion 

Melanoeytes metastasize through the lymphatie system 

Abundant in the palms and soles 

Cuticle 


21 

22 

23 

24 

25 

26 

27 

28 

29 

30 


Seetíon ìntegratìon 

Many people ehange the natural appearanee of their hair, either by eoloring it or by altering the degree of curl in 
it.VVhieh layers ofthe hairdoyou supposeare affeeted bythe ehemieals added during these procedures?VVhy 
are the effeets of the procedures not permanent? 
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Study Outlìne 


SEGTION 1 • Functíonal Anatomy of the Skìn 



The ìntegumentary system eonsìsts of the skín and varìous 

aeeessory structures p. 175 

1 . The ìntegument, or ìntegumentary system, is eomposed 
of the cutaneous membrane or skin and the aeeessory 
structures. 

2. The cutaneous membrane includes the epidermìs (made 
of stratified squamous epithelium) and dermìs (eontaining 
papillary and reticular layers). 

3. Beneath the dermis lies the hypodermìs or subcutaneous 
layer.This tissue layer is not part of the integument. 

4. Functions of the integument include proteetion, excretion, 
temperature regulation, vitamin synthesis, nutrient 
storage, and sensory deteetion. 



The epìdermìs ìs eomposed of strata (layers) that have 
varìous functìons p. 176 


5. The epidermis eontains keratìnoeytes, arranged in strata 
or layers.These eells are continuously produced in the 
deepest layers and shed at the exposed surface. 

6 . Epìdermal rídges extend down into dermal papíllae of 

the dermis.This arrangement firmly binds the epidermis to 
the dermis. 



Epidermal ridges and dermal papillae greatly inerease the sarfaee 
area for attaehment, fìrmly blndlng the epldermls to the dermls. 


7. Thin skin eontains four strata, whereas thiek skin, 

which eovers the palm of the hands and soles of the feet, 
eontains a fifth stratum. 

8 . From deep to superficial, the layers of the epidermis 

are stratum basale, stratum spinosum, stratum 
granulosum, stratum lucidum (thiek skin only), and 
stratum corneum. 


Garotene, an orange-yellow pigment found in vegetables 
such as earrots and some squashes, accumulates in the 
fatty tissues in the deep dermis and hypodermis. 

11. Blood supply also affeets skin eolor because it eontains red 
blood eells filled with the red pigment hemoglobin. During 
exercise superficial blood vessels dilate to eool the body 
and the skin beeomes flushed (red). During a sustained 
reduction in circulation, oxygen levels deeline, 

giving the skin a bluish eoloration ealled 
eyanosís. 

1 2. The most eommon types of eaneers are skin 
eaneers. Basal eell eareìnoma is the most 
eommon form of skin eaneer, yet it is often 
survived. Malígnant melanoma is 
extremely dangerous. 


5.4 


íf 




These llnes 
ofeleavage 
are dlnleally 
signifìeant. A cut 
parallel to these 
lines will usually 
remaln elosed 
andheal wlth 
llttle searrlng. 




The dermìs supports the epídermìs, and 

the hypodermìs eonneets the dermìs 

to the rest of the body p. 180 

13. Lying between the epidermis 
and hypodermis, the dermìs 
eontains eollagen and elastie 
fibers.The eollagen fibers 
provide strength; the elastie 
fibers allow for stretehing. 

14. The dermis eonsists of the 
superfìcial papìllary layer 
and the deeper retícular 
layer.The papillary layer 
eontains highly vascularized 
areolar tissue, eapillaries, 
lymphatie vessels, and 
sensory neurons. The 
reticular layer is a meshwork 
of dense irregular 
eonneetive tissue eontaining 
eollagen and elastie fibers. 

15. The hypodermís, which is 
not part of the integument, 
separates the skin from 
deeper structures. 

16. The touch reeeptors of 
the integument are free 
nerve endíngs, Meíssner's 
corpuscles, taetìle dìses, 
lamellated (paeìnìan) 
corpuscles, and Ruffiní 
corpuscles. 

17. Most of the eollagen and elastie fibers in any one area are 
arranged in parallel bundles to resist forees applied to the 
skin. Cuts parallel to the lines of eleavage will heal with 
little searring, but a cut at right angles will pull open, as 
severed elastie fìbers reeoil. 


< k 



Faetors ìnfluencìng skìn eolor ìnclude epìdermal 
pìgmentatìon and dermal cìrculatìon p. 178 


9. Melanín and earotene are the primary pigments involved 
in skin eoloration. 


10. Melanoeytes, loeated in the stratum basale, produce 
melanin, a brown, yellow-brown, or blaek pigment. 



Burns are sìgnìfìeant ìnjurìes that damage skìn 
ìntegrìty p. 182 


1 8. First-degree and seeond-degree burns are ealled 
partial-thiekness burns. First-degree burns damage only 
the surface of the epidermis, whereas seeond-degree burns 
damage the entire epidermis and perhaps some of the dermis. 
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GHAPTER 5 REVIEVV • The lnteguinentary System (continued) 


19. Thìrd-degree burns are ealled full-thìckness burns and 

extend into the hypodermis.These burns eannot heal 
unaided and often require a skin graft. 

20. The rule of nines is used to estimate the pereentage of the 
surface area affeeted by burns. 


SEGTION 2 • Aeeessory Structures of the Skin 



Haìr follìeles, exocrìne glands, and naìls are also 
eomponents of the ìntegumentary system p. 185 


21. Hair follieles produce hairs that proteet the skin and 
provide touch sensations to the body surface. 


22. Exocrine glands assist in thermoregulation, excrete 
vvastes, and lubricate the epidermis. 


23. Nails proteet and support the tips of the toes and fingers. 




A hair follide is a complex 
straetare. The haman body has 
aboat 2.5 million ofthem. 


Haìr ìs eomposed of dead, keratìnìzed eells produced ìn a 
speeìalìzed haìr follìele p. 186 


24. A hair folliele is a 

complex structure 
made of eonneetive and 
epithelial tissues that 
is responsible for the 
production of a single 
hair. 


25. Hair formation beginsat 
the base of the folliele at 

the hair bulb. 


26. Eaeh hair has a root 
and a shaft. At the base 
of the root is a hair 
papilla, surrounded by 
a hair bulb, and a root 
hair plexus of sensory 
nerves. Hairs have a 
eentral medulla of soft 
keratin surrounded 
by a cortex of hard 
keratin.The cuticle is a 
superficial layer ofeells 
that proteet the hair. 


27. Gomposed ofsmooth 
muscle, eaeh arreetor 
pili muscle vvhen 
eontraeted ean make a 
single hair stand ereet. 


28. Hairs grovv and shed 

aeeording to the hair growth eyele. A typieal sealp hair 
grovvs for 2-5 years and is then shed. 



Sebaceous glands and sweat glands are exocrìne glands ìn 
the skìn p. 188 


29. Sebaceous glands seerete sebum, vvhieh eoats and 
proteets the hair shaft. 

30. The tvvo types of svveat glands are apoerine and 
meroerine sweat glands. Apoerine svveat glands are 
found in the axillae, nipples, and pubic regions, vvhere 
they seerete into hair follieles. Meroerine svveat glands 
diseharge their seeretion direetly onto the skin surface. 



The integamentary 
system is physleally and 
fanetionallytiedtoallother 
bodysystems. Much ofthe communication 
between the skln and the rest ofthe body Is by 
ehemleal eommanieation wlth hormones. 



Naìls are thìek sheets of keratìnìzed epìdermal eells that 
proteet the tìps of fìngers and toes p. 190 


31. The nail body eovers the nail bed. Nail production occurs 
at the nail root. A portion of the stratum corneum of the 
nail root extends over the nail, forming the eponychium 
or cuticle.The free edge of the nail extends over the 

hyponychium. 


5.10 


Age-related ehanges affeet the ìntegument p. 191 

32. With aging, sebaceous and svveat gland aetivity deereases, 
the integument thins, blood flovv deereases, cellular 
aetivity deereases, and repairs occur more slovvly. 



The ìntegument responds to cìrculatìng hormones and 
has endoerìne functìons that are stìmulated by ultravìolet 
radìatìon p. 192 

33. Steroid, thyroid, sex, and growth hormones influence 
integument structure and function. 

34. Limited exposure to sunlight is benefieial because UV 
radiation plays a role in the synthesis of eholeealeiferol or 
vitamin 63. A laek of vitamin D 3 in ehildren ean result in 

riekets. 



The ìntegument ean often repaìr ìtself, even after 
extensìve damage p. 194 


35. The skin ean regenerate itself after damage.The proeess 
begins vvith bleeding, and includes an inflammatory 
phase, migratory phase, proliferation phase, and 
searring phase. 


36. In some people, sear tissue formation may continue 
beyond the requirements of tissue repair, resulting in 
keioid formation. 
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ehapter Revìew Questíons 


Labelìng 

Identify the layers of the 
epidermis in this image. 



True/False 


indieate vvhether eaeh statement is true or false. 



VVrinkles and sagging skin are caused by damage to eollagen fibers due to aging 
and exposure to ultraviolet radiation. 


7 


Another name for the hypodermis is the subcutaneous layer. 

The perspiration you experience during intense exercise is ealled insensible 
perspiration. 



The dermis is dominated by adipose tissue and therefore is an important site for 
energy storage. 


10 

11 

12 


Lamellated (paeinian) corpuscles are sensitive to deep pressure. 

Bluish skin as a result of deereased oxygen in blood is ealled eyanosis. 

The root hair plexus is a smooth muscle vvhose eontraetion pulls on the folliele, 
foreing the hairto stand ereet. 



The primary pigments involved in skin eoloration are earotene and melanin. 



7 



10 

11 

12 



IVIultíple ehoíee 


Seleet the eorreet ansvver from the list provided. 



VVhieh portion of the hair folliele produces the hair? 

Q a)hairshaft 
Q b)hairmatrix 
Q e) hair root plexus 
Q d) arreetor pili 



VVhieh of the follovving glands diseharges an oily seeretion that 
eoats the hair and the adjaeent surface of the skin? 

Q a) apoerine gland 
Q b) sebaceous gland 
Q e) meroerine gland 
Q d) svveat gland 
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GHAPTER 5 REVIEVV • The lnteguinentary System (continued) 



Fine touch, pressure, and vibrations are pereeived by which 
nerve endings? 

Q a) free nerve endings 
Q b) Meissner's corpuscles 
Q e) taetile dises 
Q d) Ruffini corpuscles 



VVhieh term is applied to the stratum corneum of the nail root that 
extends over the exposed nail? 

Q a) hyponychium 
Q b) eponychium 
Q e) lunula 
Q d) cerumen 



VVhat is the primary function of sensible perspiration? 
Q a) to get rid of wastes 
Q b) to proteet the skin from dryness 
Q e) to maintain eleetrolyte balanee 
Q d) to reduce body temperature 



In the elderly, blood supply to the dermis is reduced and sweat 
glands are less aetive. VVhat is most affeeted by this eombination 

of faetors? 

Q a) ability to thermoregulate 
Q b) ability to heal injured skin 
Q e) ease with which skin is injured 
Q d) ability to grow hair 



VVhieh faetor is assoeiated with darker skin eolor? 

Q a) more melanoeytes present in skin 
Q b) more layers of epidermis 
Q e) more melanin produced by melanoeytes 
Q d) more superficial blood vessels 



VVhieh anatomieal feature is responsible for fingerprints? 

Q a) ridge patterns in the thiek skin eovering the fingertips 
Q b) dermal papillae 
Q e) the thiekness of stratum lucidum 
Q d) the architectural arrangement of melanoeytes 


FílMn 


Fill in the following blanks in the spaees provided to the right. 



From superficial to deep, the two layers of the cutaneous membrane are the 

and the 



The_ 

organs. 


layer separates the integument from the faseia around deeper 


24 

25 

26 


_sweat glands are found in the axillae, nipples, and pubic region. 

The most eommon form of skin eaneer is_. 

A defieieney or absenee of_production leads to a disorder known as 

albinism. 




A 



24 

25 

26 


Short answer 



In which layer(s) of the epidermis does eell division occur? 



VVhat is the function of the arreetor pili muscles? 



Explain how hair eolor ean vary from person to person, and over a 
person's lifetime. 



VVhat are the risks from having inadequate levels of vitamin D 3 in 
the body? 



Explain why when warming your hands by a eampfire, your faee 
feels the heat more than your hands. 



VVhy is it important for a surgeon to ehoose an ineision pattern 
aeeording to the eleavage lines of the skin? 



A 32-year-old woman is admitted to the hospital with third-degree 
burns on her entire right leg, entire right arm, and the baek of her 
trunk. Estimate the pereentage of her surface area that is affeeted 
by these burns. 
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■ Praetiee Anatomy Lab 


MasteringA&P® 

Aeeess more ehapter study tools online in the MasteringA&P Study Area: 

■ ehapter Quízzes, Ghapter Praetiee Test, Art-labeling Aetivities, 
Animations, MP3 Tutor Sessions, and Glinieal Case Studies 


■ Interaetive Physiology 


■ A&P Flix 


■ PhysioEx 


ehapter Integratíon • Applyíng what you have learned 



Thinkíng about the seíenee of tattoos 

Tattoos are beeoming inereasingly 
visible in mainstream soeiety. As 
tattoos beeome more fashionable, 
people of all ages and soeial elasses are 
engaging in this age-old form of body 
art. Onee eonsidered a praetiee of only 
sailors, circus sideshow performers, 
or eriminals, an inereasingly diverse 
population is “sporting ink.” Everyone 
from movie stars and athletes, to 
doetors and soeeer moms have tattoos 
these days. It s safe to say that most of 
you reading this text are either tattooed 
or know someone who is tattooed. 

The tattooing proeess has remained essentially the same for 
thousands of years. Originally, a sharpened bone tool was dipped 
in dye and then tapped into the skin with a small hammer to ereate 
the tattoo. Today s tattooing uses an eleetrieal tool to deposit 
pigment through the epidermis and into the dermis. Similar to a 
sewing maehine, a motor-driven cluster of needles punctures the 
skin many times eaeh seeond. The artist progressively shades and 
eolors the tattoo in a proeess that ean take many hours. 

In light of the popularity and prevalenee of tattooing, 
use your knowledge of the integument to 
answer the following questions. 











Why does the tattoo ink stay in plaee? 

Why do tattoos tend to fade over time? 

Explaín why it is somewhat paínful to be tattooed. 
Does tattooing earry a signifieant risk of infeetion? 


Prediet what is requíred for a tattoo to be successfully removed 






























These Learning 
Onteomes 
eorrespond 
bynnmberto 
this ehapter's 
modnles and 
indieate what 
you should be 
able to do after 
eompleting 
the ehapter. 

V J 


(S) 

Learning Onteomes 
arerepeated atthe 
bottomofeaeh 
module. 


SEGTION 1 • lntrocluctìon to the Structure and Growth of Bones 


6.1 


6.2 


6.3 


6.4 


6.5 


6.6 


6.7 


6.8 


6.9 


Deseribe the two main divisions of the skeleton, and list the major functions of 
the skeletal system. 

eiassify bones aeeording to their shapes, identify the major types of surface 
markings, and explain the functional signifieanee of surface markings. 

Identify the parts of a typieal long bone, and deseribe its internal structures. 

Identify the eell types in bone, and list their major functions. 

Gompare the structures and functions of eompaet bone and spongy bone. 

Deseribe the proeess of appositional bone growth. 

Deseribe the meehanisms of endoehondral ossifieation. 

Deseribe the meehanisms of intramembranous ossifieation. 

CLINICAL MODLfLE Discuss various abnormalities of bone formation and 
growth. 



SEGTION 2 • Physìology of Bones 


6.10 


6.11 


6.12 


List the minerals stored in the bones, and identify the organs involved in 
calcium homeostasis. 

Discuss the effeets of hormones on bone development, and explain 
the homeostatie meehanisms involved. 

CLINICALMODULE Deseribe the types of fractures, and explain 
howfractures heal. 
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IVIodule 6.1 


SECTION 1 • liitroductìoiitotheStructureandGrowthof Bones 



The skeletal system ís made up of 
the axial and appendìcular dìvìsíons 

The skeletal system includes the varied bones of the skeleton and the 
eartilages, ligaments, and other eonneetive tissues that stabilize or inter- 
eonneet them. This ehapter expands on the introdnetion to bone tissue 
presented in Ghapter 4 by eonsidering the gross anatomy of bones and 
the meehanisms involved in bone growth, remodeling, and repair. 



The adult skeletal system 
includes about 206 separate 
bones and a number of assoeiated 
eartilages. This body system is 
divided into the axíal skeleton and 
the appendienlar skeleton. 


Axìal Skeleton 

(80 Bones) 

The axial skeleton 
eonsists of the bones 
of the skull, thorax, 
and vertebral colunnn 
These elements form 
the longitudinal axis 
of the body. 


Appendìcular 
Skeleton (126 Bones) 

The appendicular 
skeleton includesthe 
bones of the limbs 
and the peetoral and 
pelviegirdlesthat 
attaeh the limbs to 
the axial skeleton. 



Functions of the Skeletal System 


• Support:The skeletal system provides 
structural support for the entire body. 
Individual bones or groups of bones 
provide a frannework for the attaehment 
of soft tissues and organs. 

• Store mìnerals and lìpíds: The calcium 
salts in bone are a valuable mineral 
reservethat maintains normal eoneentra- 
tions of calcium and phosphate ions in 
blood. Calcium is the most abundant 
mineral in the human body. Bones eontain 
adipose tissue, which stores lipids as 
energy reserves. 

• Produce blood eells: Red blood eells, 
white blood eells, and platelets are 
produced in the red bone marrow, which 
fills the internal eavities of many bones. 

• Protection:The skeleton surrounds 
delieate tissues and organs. The ribs 
proteet the heart and lungs, the skull 
eneloses the brain, the vertebrae shield 
the spinal eord, and the pelvis eradles 
digestive and reproductive organs. 

• Leverage: Many bones of the skeleton 
function as levers that ean ehange the 
magnitude and direetion of the forees 
skeletal muscles generate.The move- 
ments produced range from the fine 
motions of a fingertip to powerful 
ehanges in the position of the entire body. 


2 


The skeleton has many vital fnnetions 
that are snmmarized in the table above. 


All of these fnnetions nltimately depend on the 
unique and dynamie properties of bone tissue. 
The bone speeimens that you study in lab or 
that you are familiar with from skeletons of 
dead animals are only the dry remains of this 
living tissue. They have the same relationship to 
the bone in a living organism as kiln-dried 
lumber does to a living tree. 


IVIodule 6.1 Revíew 


a. Deseribe the axial skeleton. 

b. Deseribe the appendicular skeleton. 

e. Identify the functions ofthe skeletal system. 


(S) 6.1 Deseribe the two main divisions of the skeleton, and listthe majorfunctions of the skeletal system. 
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IVIodule 6.2 


r 


Bones are elassìfied aeeording to shape and structure 

and have varìed 
surface markíngs 


Flat Bones 




The 206 major bones in 
a typieal adnlt hnman 
skeleton ean be divided into six 
broad eategories based on their 
shape. The skeleton also eontains a 
variable nnmber of minor bones 
(nsnally sntnral bones and sesamoid 
bones) whose nnmbers vary from 
individnal to individnal 


Flat bones have thin, roughly parallel surfaces. Flat 
bonesform the roof ofthe skull, the sternum,the ribs, 
and the scapulae.They proteet underlying soft tissues 
and have an extensive surface area for the attaehment 
of skeletal muscles. 



Sutural Bones 


Sutural bones, or VVormian bones, are small, flat, 
irregularly shaped bones between the flat bones 
of the skull.There are individual variations in the 
number, shape, and position of sutural bones.Their 
borders are like pieees of a jigsaw puzzle, and they 
range in size from a grain of sand to a quarter. 


Sutural 

bone 



Sutures 


Long Bones 


Long bones are elongated and slender. 

They are loeated in the arm and forearm, thigh and leg, 
palms, soles, fingers, and toes.The femur, the long bone 
of the thigh, is the largest and heaviest bone in the body. 



Humerus 


lrregular Bones 


lrregular bones have complex shapes with short, flat, 
notehed, or ridged surfaces.The spinal vertebrae, the 
bones of the pelvis, and several skull bones are 
irregular bones. 



Sesamoíd Bones 


Sesamoìd bones are generally small, flat, and shaped somewhat 
like a sesame seed.They develop inside tendons and are most 
eommonly loeated near joints at the knees, the hands, and the 
feet. Sesamoid bones may form in at least 26 loeations. Except 
for the patellae (pa-TEL-è; singular, patella, a small shallow dish), 
or kneeeaps, there are individual variations in the loeation and 
number of sesamoid bones.These variations, along with varying 
numbers of sutural bones, account for individual differenees in 
the total number of bones in the skeleton. 



Patella 


Short Bones 


Short bones are small and boxy. Examples of short 
bones include bones in the wrists (earpal bones) 
and in the ankles (tarsal bones). 


Garpal 

bones 
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Illustrated here are the major types of surface markìngS; also known as 


bone features. Eaeh bone in the body has eharaeteristie snrfaee markings 
related to its partienlar fnnetions. Elevations or projeetions form where tendons 
and ligaments attaeh, and at joints, where adjaeent bones artienlate. Depressions, 
grooves, and tnnnels in bone indieate sites where blood vessels or nerves lie 
alongside or penetrate the bone. 



Surface Markìngs of the Skull 


A eanal or meatus 

is a large passage- 
way through a bone. 


A proeess is any 

projeetion or bunnp. 



A sínus is a ehamber 
within a bone that is 
normally filled with air. 


A foramen is a small, 
rounded passageway 
through which blood 
vessels or nerves 
penetrate the bone. 


A fìssure is an elongated 
eleft or gap. 



Surface Markíngs of the Humerus 



The head is an expanded 
proximal end of a bone 
that forms part of a joint. 

A tubercle is a small, 
rounded projeetion. 

A sulcus is a deep, 
narrow groove. 

A tuberosíty is a small, 
rough projeetion that 
may occupy a broad area 
of the bone surface. 

The dìaphysìs, or shaft, is 
the elongated body of a 
long bone. 


A troehlea is a smooth, 
grooved articular proeess 
shaped like a pulley. 

A eondyle is a smooth, 
rounded articular proeess. 



Surface Markíngs of the Femur 



Surface Markíngs of the Pelvís 



A troehanter is a large, 
rough projeetion. 

Head 


The neek is a narrow 
eonneetion between the 
head of the bone and the 
diaphysis of the bone. 


Diaphysis (shaft) 


Afaeet is a small, flat 
articular surface. 


Gondyle 


A erest is a prominent ridge. 


Afossa is a shallow 
depression or reeess in the 

surface of the bone. 


A line is a low ridge, more 

delieate than a erest. 


A spine is a pointed or 

narrow proeess. 


A ramus is a thiek extension 
that makes an angle with the 

main body of the bone. 



Modyle 6.2 Review 


a. Identify the six broad eategories for 
elassifying a bone aeeording to shape. 

b. Definesurface markings. 

e. Gompare a tubercle with a tuberosity. 


6.2 eiassify bones aeeording to their shapes, identify the major types of 
surface markings, and explain the functional signifieanee of surface markings. 
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IVIodule 6.3 


r 


Long bones transmìt forees along the 
shaft and have a ríeh blood supply 

Here we examine several aspeets of the functional 
anatomy of the femur, a representative long bone. 



This frontal (eoronal) seetion 
throngh a left femur shows its 
internal organization and the major 
regions. 
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The branehing framework of spongy bone makes it weaker 
than eompaet bone when it is eompressed from a single 


direetion, but it is able to resist forees applied from many direetions. 
At the femur, the spongy bone of the proximal epiphysis ehannels 
and direets the body weight to the eompaet bone of the diaphysis. 
The eompaet bone then passes these forees to the spongy bone of 
the distal epiphysis, which distribntes the body weight aeross the 
artienlar snrfaee at the knee. 


The epìphysìs 

(e-PIF-i-sis) is an 
expanded area 
found at eaeh end 
of the bone. 


The metaphysìs 

(me-TAF-i-sis; meta, 
betvveen) is a 
narrovv zone that 
eonneets the 
epiphysis to the 
shaft of the bone. 


The dìaphysìs 

(shaft) is long and 
tubular. 


Metaphysis 


Epiphysis 



Body vveight 
(applied foree) 


The epiphysis eonsists largely 
of spongy bone, also ealled 
cancellous (KAN-se-lus) or 
trabecular bone. Spongy 
bone eonsists of an open 
netvvork of struts and plates 
that resembles lattieevvork 
vvith a thin eovering of 
eompaet bone. 


Gompaet bone, or eortieal 
bone, makes up the vvall of 
the diaphysis. 


The medullary eavìty 

(medalla, innermost part), or 
marrovv eavity, is a spaee 
vvithin the hollovv shaft. In 
life, it is filled vvith tvvo types 
of bone marrovv. Red bone 
marrow is highly vascular 
and involved in the produc- 
tion of blood eells. Yellow 
bone marrow is adipose 
tissue important as an 
energy reserve. 



Tension 
on lateral 
side of 
shaft 
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In order for bones to grow and be maintained, they require an 


extensive blood supply. Therefore, osseous tissue is highly vascular. 
In a typieal long bone such as the humerus, shown here, mnltiple sets of 
blood vessels develop. Extensive intereonneetions exist between them, so 
that if a blood vessel is eompressed or cut, the 
vascular supply to any part of the bone 
will not be eompletely shut off. 


Epiphyseal artery 

and vein 


Metaphysis 


Most bones have only one 
nutrìent artery (red) and one 
nutrìent vein (blue), but a few 
bones, including the femur, 
have more than one of eaeh. 


A nutríent foramen is a 

tunnel that penetrates the 
diaphysis and provides aeeess 
for the nutrient artery and/or 
vein. Branehes of these large 
vessels supply the osteons of 
the surrounding eompaet 
bone before entering and 
supplying the tissues of the 
medullary eavity. 


Metaphyseal 
artery and vein 


Epiphyseal 



Artìcular eartìlage eovers portions of the 
epiphysis that articulate with other bones.The 
eartilage is avascular, and it relies primarily on 
diffusion from the synovial fluid to obtain 
oxygen and nutrients and eliminate wastes. 


The metaphyseal artery (red) and meta- 
physeal vein (blue) earry blood to and from 
the metaphysis and to the epiphysis through 
epiphyseal arteries and veins. 


Metaphysis 


4 


The periosteum eontains an extensive 
network of blood vessels, lymphatie 


vessels, and sensory nerves. The smaller 
blood vessels supply the superficial osteons. 
The lymphatie vessels eolleet lymph from 
branehes that enter the bone and reaeh 
individnal osteons. The sensory nerves travel 
with the branehes of the nntrient arteries and 
the metaphyseal arteries to innervate the 
diaphysis, mednllary eavity, and epiphyses. 
Beeanse of this rieh sensory innervation, bone 
injnries are usually very painful. 


Periosteum 



eonneetions to 
superficial osteons 


Branehes of nutrient 
artery and vein 


Periosteal arteries 
and veins 


Modyle 6.3 Revíew 


a. List the major parts of a long bone. 

b. Deseribe the function ofthe medullary 
eavity. 

e. Ifarticularcartilage is avascular, how is it 
nourished? 


(S) 6.3 Identify the parts of a typieal long 
bone, and deseribe its internal structures. 
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IVIodule 6.4 


r 


Bone has a ealeífìed matrìx maintained and altered by 
osteoeytes, osteoblasts, osteogenie eells, and osteoelasts 

Both eompaet bone and spongy bone eontain the same four eell types. 



Mature bone eells ealled osteoeytes (OS-tè-ó-sits; 
{osteo-f bone + eyte^ eell) maintain the protein and 
mineral eontent of the surrounding matrix throngh the 
turnover of matrix eomponents. Osteoeytes seerete ehemi- 
eals that dissolve the adjaeent matrix, and the released 
minerals enter the circulation. The osteoeytes then rebnild 
the matrix, stimulating the deposition of mineral erystals. 
Osteoeytes also partieipate in the repair of damaged bone. 



Osteoeytes account for most 
of the eell population in bone. 
Eaeh osteoeyte occupies a 
lacuna, a poeket sandvviehed 
betvveen layers of matrix. 
Osteoeytes eannot divide, and 
a lacuna never eontains more 
than one osteoeyte. 


Proeesses of the osteo- 
eytes extend into narrovv 
passagevvays ealled 
canalìculì that penetrate 
the lamellae.The canaliculi 
intereonneet the lacunae 
and reaeh vascular 
passagevvays, providing a 
route for nutrient diffusion. 


Osteoblast 


Osteoid 



The thin layers of matrix 
are ealled lamellae 
(lah-MEL-lè; singular, 
lamella, a thin plate). 




Osteoblasts (OS-tè-ó-blasts; -blast, immature precursor eell) 
produce new bone matrix in a proeess ealled ossifieation, or 
osteogenesis (os-tè-ó-JEN-e-sis; production). Osteoblasts 

make and release the proteins and other organie eomponents of the 
matrix. Before calcium salts are deposited, this organie matrix is 
ealled osteoid (OS-tè-oyd). Osteoblasts also assist in elevating loeal 
eoneentrations of calcium phosphate to the point where this 
calcium salt is deposited in the organie matrix. This proeess 
eonverts osteoid to bone. Osteoeytes develop from osteoblasts that 
have beeome eompletely surrounded by bone matrix. 
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Osteogenie (os-tè-ó-JEN-ik) eells, also ealled osteoprogeni- 
tor eells, are mesenehymal eells present in bone (Modnle 
4.10, p, 152). They are fonnd in the inner, eellnlar layer of the 
periostenm; in an inner layer, or endostenm, that lines mednllary 
eavities; and in the vasenlar passageways, which eontain blood 
vessels that penetrate the matrix of eompaet bone. These stem 
eells divide to prodnee danghter eells that differentiate into 
osteoblasts, and are thus important in the repair of a fracture (a 
break or a eraek in a bone). 



Osteoelast 




Osteoelasts (OS-tè-ó-elasts; klastos, broken) are eells that 
remove and reeyele bone matrix. These are large eells with 
50 or more nuclei. Osteoelasts are not related to osteogenie eells 
or their deseendants. Instead, they are derived from the same 
stem eells that prodnee monoeytes and maerophages, eells 
involved in the body s defense meehanisms. Aeids and proteolytie 
(protein-digesting) enzymes seereted by osteoelasts dissolve the 
matrix and release the stored minerals. This proeess, ealled 
osteolysis (os-tè-OL-i-sis; lysís, a loosening) or resorption, is 
important in regnlating ealeinm and phosphate ion eoneentrations 
in blood and other body fluids. 



A bone without a 
ealeified matrix 
looks normal, but is 
very flexible. Roughly 
one-third of the weight 
of bone is eontribnted 
by eollagen fibers, and 
eells aeeonnt for only 2 
pereent of the weight of 
a typieal bone. A 
ealeinm salt, ealeinm 
phosphate, ea^^PO^)^, 
aeeonnts for almost two-thirds of the weight of bone. 
Calcium phosphate interaets with ealeinm hydroxide, 
Ca(OH) 2 , to form erystals of hydroxyapatite, 
Caio(P 04 ) 6 (OH) 2 . As they form, these erystals ineorpo- 
rate other ealeinm salts, such as calcium earbonate 
(OaOO^), and ions such as sodium, magnesium, and 
flnoride. Hydroxyapatite is very hard but inflexible and 
brittle. Collagen fibers are strong and flexible, but if they 
are eompressed they bend. The protein-erystal eombina- 
tion in bone is strong, somewhat flexible, and highly 
resistant to shattering. In its overall properties, bone is on 
a par with the best steel-reinforeed eonerete. In faet, bone 
is far snperior to eonerete, beeanse it ean nndergo 
remodeling (eyeles of bone formation and resorption) as 
needed and ean repair itself after injury. 




Module 6.4 Revìew 


a. Define osteoeyte, osteoblast, 
osteogenie eell, and osteoelast. 

b. If osteoelast aetivity exceeds osteo- 
blast aetivity in a bone, what would be 
the effeet on the bone? 

e. How would the eompressive strength 
of a bone be affeeted if the ratio of 
eollagen to hydroxyapatite inereased? 


6.4 Identify the eell types in bone, and list their major functions. 
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Osteogenie eell 




















IVIodule 6.5 


Compact bone eonsìsts of parallel osteons, 

and spongy bone eonsists of a network of trabeculae 

The basie functional unit of mature eompaet bone is the osteon (OS-tè-on), or 
Haversian system. Many of the important featnres of osteons were introdneed 

in Module 4.13 (p. 159). 



The lamellae of eaeh osteon form a series of 
nested eylinders around the eentral eanal. In 
transverse seetion, these eoneentrie lamellae 
resemble a target, with the eentral eanal as the 
bnlls-eye. You might think of a single osteon as a 
drinking straw with very thiek walls: When you 
attempt to push the ends of the straw together or 
to pull them apart, the straw is quite strong. But if 
you hold the ends and push from the side, the 
straw will bend sharply with relative ease. The 
osteons in the diaphysis of a long bone are parallel 
to the long axis of the shaft. Thus, the shaft does 
not bend, even when extreme forees are applied to 
either end. The femur ean withstand 10-15 times 
the body s weight without breaking. Yet a much 
smaller foree applied to the side of the shaft ean 
break any long bone, even the femur. 


Gentral eanal 


Osteon 



eapillary and venule (small vein) 



eompaet bone 


LM X 375 


Vein 

Artery 


The osteoeytes occupy lacunae that lie betvveen 
the lamellae. In preparing this mierograph, a 
small pieee of bone vvas ground dovvn until it 
vvas thin enough to transmit light. In this 
proeess, the lacunae and canaliculi are filled 
vvith bone dust, and thus appear blaek. 


Gentral eanal 


Goneentrie lamellae 


Canaliculi radiating 
through the lamellae 
intereonneet the lacunae 
of the osteons vvith one 
another and vvith the 
eentral eanal. 


Endosteum 



2 


A seetion cut from the shaft of a long bone shows 


the organization of osteons and blood vessels, and 
allows a eomparison between eompaet and spongy bone. 
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Spongy bone is fonnd where bones are not 
heavily stressed or where stresses arrive from 


many direetions. Below is the head of the femnr, 
which transmits body weight to the shaft of that 
bone. The trabeenlae are oriented along stress lines 
and are eross-braeed extensively. In addition to 
being able to withstand stresses applied from many 
direetions, spongy bone is much lighter than 
eompaet bone. Spongy bone thus reduces the 
weight of the skeleton, making it easier for mnseles 
to move the bones. 


4 


In spongy bone, lamellae are not arranged in osteons. 
The matrix in spongy bone forms struts and plates ealled 


trabeculae. The thin trabeenlae braneh, ereating an open 
network. There are no eapillaries or vennles in the matrix of 
spongy bone. Nntrients reaeh the osteoeytes by diffnsion along 
eanalienli that open onto the snrfaees of trabeenlae. Red bone 
marrow is found between the trabeenlae of spongy bone. Blood 
vessels within this tissue deliver nutrients to the trabeenlae and 
remove wastes generated by the osteoeytes. 




Trabeculae of 
spongy bone 


Canaliculi 
opening on 
surface 


Endosteum 


Lamellae 


Cìrcuimferentìal lamellae {circum-, around + 
ferre, to bear) are found at the outer and inner 
surfaces of the bone, where they are eovered 
by the periosteum and endosteum, respee- 
tively.These lamellae are produced during the 
growth and maintenanee of the bone. 


Interstítíal lamellae fill in the spaees between 
the osteons in eompaet bone.These lamellae 
are remnants of osteons whose matrix 
eomponents have been almost eompletely 
reeyeled by osteoelasts. 


Gentral eanal 
Perforating eanal 

Gentral eanals generally run parallel to the 
surface of the bone. Other passageways, 
known as perforatìng eanals, extend 
perpendicular to the surface. Blood vessels in 
these eanals supply blood to osteons deeper in 
the bone and to tissues of the medullary eavity. 


l\/lodule 6.5 Revìew 


a. Define osteon. 

b. Gompare the structures and functions 
of eompaet bone and spongy bone. 

e. Asampleof bone has lamellaethat 
are not arranged in osteons. Is the 
sample from the epiphysis or from the 
diaphysis? 


6.5 Gompare the structures and functions 
of eompaet bone and spongy bone. 
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IVIodule 6.6 


r 


In appositional bone grovvth, layers of eompaet 
bone are added to the bone's outer surface 

The appositional growth of eartilage was detailed in Modnle 4.12 (p. 157). As 
you will see in this module, appositional bone growth has many similarities to 
appositional eartilage growth. 



The diameter of a bone enlarges throngh apposítional growth 
at the outer snrfaee. In appositional growth, osteogenie eells in 
the inner layer of the periostenm differentiate into osteoblasts and 
add bone matrix to the snrfaee. This adds sneeessive layers of 
eirenmferential lamellae to the outer snrfaee of the bone. Osteoblasts 
trapped between these lamellae differentiate into osteoeytes. Over 
time, the deeper lamellae are reeyeled and replaeed with the osteons 
typieal of eompaet bone. 



Periosteum 



Additional circumferential 
lamellae are deposited, and 
the bone continues to 


inerease in diameter. 



2 


While bone is being added to the outer snrfaee throngh appositional growth, 
osteoelasts are removing and reeyeling lamellae at the inner snrfaee. As a 



result, the mednllary eavity gradnally enlarges as the bone inereases in diameter. 


Bone matrix is removed 
by osteoelasts 



Infant Child Bone deposited by Young adult Adult 

superficial osteoblasts 
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Except within joint eavities, the snperfieial layer of 


eompaet bone that eovers all bones is wrapped by a 
periosteum, which has a fibrons onter layer and a eellnlar 
inner layer. The periostenm (1) isolates the bone from 
snrronnding tissnes, (2) provides a ronte for the blood and 
nervons snpply, and (3) aetively partieipates in bone 
growth and repair. As the bone grows, the eollagen fibers 
from tendons, ligaments, and joint eapsnles are eemented 
into the eirenmferential lamellae by osteoblasts from the 
eellnlar layer of the periostenm. These are ealled perforat- 
ing fibers, and this method of attaehment is extremely 
strong. An excessive pull on a tendon or ligament will 
usually break a bone rather than snap the eollagen fibers at 
the bone snrfaee. 



Circumferential 

lamellae 


Fibrous layer 
of periosteum 


Cellular layer 
of periosteum 


Canaliculi 


Osteoeyte 
in lacuna 


Perforating 

fibers 



4 


The endostenm is an ineomplete eellnlar layer that 
lines the mednllary eavity. This layer, which is aetive 


during bone growth, repair, and remodeling, eovers the 
trabeenlae of spongy bone and lines the inner snrfaees of 
the eentral eanals. It eonsists of a simple flattened layer of 
osteogenie eells that eovers the bone matrix, generally 
without any intervening eonneetive tissue fibers. Where 
the cellular layer is ineomplete, the matrix is exposed. At 
these exposed sites, osteoelasts and osteoblasts ean 
remove or deposit matrix eomponents. The osteoelasts 
generally occur in shallow depressions, ealled osteoelastie 
erypts or Howship s laennae, that they have eroded into 
the matrix. As a result of their aetivities, the inner circum- 
ferential lamellae are often ineomplete or interrnpted. 


Enclosteum 


Osteoelast 


Circumferential lamella 

Osteoeyte 


Osteogenie 

eell 


Osteoid 


Osteoblast 



Appositional bone growth is important in inereasing 
the diameters of existing bones, but it does not form 
the original bones. Bone formation begins roughly 6 
weeks after fertilization, when the embryo is 12 mm 
(0.5 in.) long. Two major proeesses are involved: 
endoehondral ossifieation (Module 6.7) and 
intramembranous ossifieation (Module 6.8). 


Modyle 6.6 Revíew 


a. Define appositional growth. 

b. As a bone inereases in diameter, what 
happens to the medullary eavity? 

e. Distinguish between the periosteum 
and theendosteum. 


6.6 Deseribe the proeess of appositional bone growth. 
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IVIodule 6.7 
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Endoehondral ossìfieatìon replaees 

a eartìlagìnoos model with bone 





Watch 


MasteringA&P 

A^PFJi 


® 


When bone formation begins in the embryo some 6 weeks 
after fertilization, all existing skeletal elements are made of 
hyaline eartilage. These eartilages are gradnally replaeed by 
bone throngh the proeess of endoehondral (en-dó-KON-drul, endo-j 
inside + ehondrosj eartilage) ossifìeation. The key steps in endoehondral 
ossifieation are illustrated below. This proeess begins with a small 


X 


Endoehondral 

Ossifieation 


eartilage that is basieally a miniatnre model of the eorresponding bone of 
the adult skeleton. As it forms, the bone grows in length and in diameter. 
The inerease in diameter involves appositional bone deposition. 


Enlarging 

ehondroeytes vvithin 
ealeifying nnatrix 



Hyaline eartilage 
bone model 



-Epiphysis 


-Diaphysis 


Blood 

vessel 



Medollary 

eavity 

Primary 

ossifieation 

eenter 

Superficial 

bone 

Spongy 

bone 






^ • ♦ 





✓ 









Medullary 

eavity 


Metaphysis 


LL 

As the eartilage 
enlarges, ehon- 

2 

Blood vessels grow 
around the edges of 

3 

Blood vessels penetrate 
the eartilage and invade 

jJ 


droeytes near the eenter 
of the shaft inerease 
greatly in size. The 
matrix is redneed to a 
series of small struts 
that soon begin to 
ealeify. The enlarged 
ehondroeytes then die 
and disintegrate, leaving 
eavities within the 
eartilage. 


the eartilage, and the eells 
of the periehondrinm 
eonvert to osteoblasts. 
The shaft of the eartilage 
then beeomes ensheathed 
in a snperfieial layer of 
bone. 


the eentral region. Fibroblasts 
migrating with the blood 
vessels differentiate into 
osteoblasts and begin prodne- 
ing spongy bone at a primary 
ossifíeatíon eenter. Bone 
formation then spreads along 
the shaft toward both ends. 


Remodeling occurs as 
growth eontinnes, 
ereating a mednllary eavity. 
The osseons tissne of the 
shaft beeomes thieker, and 
the eartilage near eaeh 
epiphysis is replaeed by shafts 
of bone. Fnrther growth 
involves inereases in length 
and diameter. 
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The ehondroeytes within the epiphy- 
seal eartilage are arranged into zones. 
On the epiphyseal side, ehondroeytes 
eontinnally add new eartilage. On the 
diaphyseal side, ehondroeytes are 
degenerating. Osteoblasts are eontinn- 
onsly invading this zone and replaeing 
it with bone. The osteoblasts are 
therefore moving toward the epiphysis, 
which is being pnshed away by the 
eontinned prodnetion of new eartilage. 
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Hyaline eartilage 


Articular eartilage 


Epiphysis- 


Metaphysis 


Periosteum 

Gompaet 


Seeondary 

ossifieation 

eenter 



Spongy 

bone 


Epiphyseal 

eartilage 


bone 



I 

/ 


Diaphysis 


5 


Gapillaries and osteoblasts 
migrate into the epiphyses, 
ereating seeondary ossifieatíon 
eenters. 


6 


Soon the epiphyses are 
filledwith spongybone. 


Artienlar eartilage remains 
exposed to the joint eavity; over 
time it will be redneed to a thin 
snperfieial layer. At eaeh 
metaphysis, an epiphyseal 
eartilage, or epiphyseal plate, 
separates the epiphysis from 
the diaphysis. 



In adnlts, the former loeation of 
the epiphyseal eartilage is often 
deteetable in x-rays as a distinet 
epiphyseal line, which remains 
after epiphyseal growth has ended. 
In this x-ray of the left shonlder, 
the epiphyseal line of the head of 
the hnmerns is elearly visible. 


ehondroeytes at the epiphyseal 
side of the eartilage continue to 
divide and enlarge. 


ehondroeytes degenerate at 
the diaphyseal side. 


Osteoblasts migrate upward 
from the diaphysis and eartilage 
is gradually replaeed by bone. 


\ 


\ 


\ 


Articular 

eartilage 



ísmlt&í 

_ __ 




Epiphyseal 

line 





Spongy 

bone 


•'íif 







Medullary 

eavity 
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At pnberty, the eombination of rising 
levels of sex hormones, growth 
hormone, and thyroid hormones stimnlates 
bone growth dramatieally. Osteoblasts now 
begin prodneing bone faster than ehondro- 
eytes are prodneing new eartilage. As a 
resnlt, the osteoblasts “eateh up,” and the 
epiphyseal eartilage gets narrower and 
narrower until it nltimately disappears. The 
eompletion of epiphyseal growth is ealled 
epiphyseal closure. 


Module 6.7 Revìew 


a. Define endoehondral ossifieation. 

b. In endoehondral ossifieation, what isthe 
original source of osteoblasts? 

e. How could x-rays of the femur be used to 
determine whether a person has reaehed 
full height? 


6.7 Deseribe the meehanisms of endoehondral ossifieation. 
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IVIodule 6.8 
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lntramembranous ossìfieation forms 
bone without a prior cartilaginous model 


Intramembranous (in-tra-MEM-bra-nus) ossifieation begins when 
mesenehymal eells differentiate into osteoblasts within embryonie or 
fibrous eonneetive tissue. This proeess normally occurs in the deeper 
layers of the dermis, and the bones that result are often ealled dermal 
bones or membrane bones. Examples of dermal bones inelnde the 
roofing bones of the skull, the lower jaw (mandible), and the eollarbone 
(elaviele). Sesamoid bones are membrane bones that form within 
tendons. The patella (kneeeap) is an example of a sesamoid bone. 


Osteoblast 

layer 

Osteoid 

Osteoeytes 
in lacunae 



Parietal bone 
Oeeipital bone 
Frontal bone 


Blood vessels 
Bone nnatrix 


Mesenehymal eells 

in embryonie 
eonneetive tissue 


Mesenehymal Bone 
Osteoid eell matrix 




Blood 

vessel 


Spicules 



lntramembranous bone LM x 32 



Ossifieation Osteoblast 
eenter 


Osteoeyte 


Blood vessel trapped 
vvithin bone matrix 


LL 

Mesenehymal eells first 
elnster together and start 

2 

The developing bone grows 
outward from the ossifiea- 

jJ 


to seerete the organie eompo- 
nents of the matrix. The resnlting 
osteoid then beeomes mineral- 
ized throngh the erystallization 
of calcium salts, and the mesen- 
ehymal eells differentiate into 
osteoblasts. The loeation in a 
tissue where ossifieation begins is 
ealled an ossifíeatíon eenter. 


tion eenter in small struts ealled 
spienles. As ossifieation proeeeds, 
it traps some osteoblasts inside 
bony poekets; these eells differen- 
tiate into osteoeytes. Meanwhile, 
mesenehymal eell divisions 
eontinne to prodnee additional 
osteoblasts. 


Bone growth is an aetive 
proeess, and osteoblasts 
require oxygen and a reliable 
supply of nntrients. Blood vessels 
begin to grow into the area. As 
spienles meet and fuse together, 
some of these blood vessels 
beeome trapped within the 
developing bone. 
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lntramembranous 
ossifieation eenters that 
produce the roofing 
bones of the skull 


Primary ossifieation 
eenters of the long bones 

of the lower limb 


Future hip bone 


10weeksof development 



16 weeks of development 













Long bones of the limbs 




Flat bones 
of the skull 












Osteoeytes Osteoblast Fibrous Cellular 

in lacunae layer periosteum periosteum 



Blood vessels Blood vessel trapped 


within bone matrix 


4 


Continued deposition of 


bone by osteoblasts loeated 
elose to blood vessels results in a 
plate of spongy bone with blood 
vessels weaving throughout. 


5 


Initially, the intramembranons 


bone eonsists of spongy bone 
only. Subsequent remodeling around 
trapped blood vessels ean prodnee 
osteons typieal of eompaet bone. As 
the rate of growth slows, the 
eonneetive tissue around the bone 
organizes into the fibrons layer of 
the periostenm. The osteoblasts 
elosest to the bone snrfaee beeome 
less aetive but remain as the inner, 
eellnlar layer of the periostenm. 


6 


Intramembranons ossifieation 
starts approximately during the 


eighth week of embryonie development. 
These photos show the extent of 
intramembranons and endoehondral 
ossifieation that occurs between 10 and 
16 weeks of development. At 10 weeks, 
bone formation is under way but the 
skeleton is ineomplete. At 16 weeks, 
most of the bones of the adult skeleton 
ean be identified. 


Modyle 6.8 Revìew 


a. Define intramembranous ossifieation. 

b. During intramembranousossification, 
which type(s) of tissue is (are) replaeed 
by bone? 

e. Explain the primary differenee 
between endoehondral ossifieation 
and intramembranous ossifieation. 


6.8 Deseribe the meehanisms of intramembranous ossifieation. 
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IVIodule 6.9 


+ 


CLINICAL MODULE 




Abnormalìtìes of bone grovvth 
and development produce 
reeognízabie physíeal sígns 

A variety of endoerine or metabolie problems 
ean resnlt in atypieal skeletal growth. Here we 
eonsider several eonditions that affeet 
the skeleton as a whole. 




In pituitary growth failure, inadequate 
production of growth hormone (GH) leads to 
redneed epiphyseal eartilage aetivity and abnormally 
short bones. This eondition is beeoming inereasingly 
rare in the United States, beeanse ehildren ean be 
treated with synthetie human GH. 


2 


Aehondroplasia 

(à'kon-dró-PLÀ-zè'Uh) 



í? 


• I 


\ 


results from abnormal 
epiphyseal aetivity. In this 
ease the epiphyseal eartilages 
of the long bones grow 
unusually slowly and are 
replaeed by bone early in life. 

As a result, the individual 
develops short, stoeky limbs. 

Although other skeletal 
abnormalities occur, the trunk is normal in size, and 
sexual and mental development remain nnaffeeted. 





3 


Several inherited 
metabolie eonditions 



that affeet many systems 
inflnenee the growth and 
development of the skeletal 
system. These eonditions 
prodnee eharaeteristie variations 
in body proportions. For example, 
many people with Marfan's 
syndrome are very tall and have long, slender limbs, due to exces- 
sive eartilage formation at the epiphyseal eartilages. Althongh this is 
an obvions physieal distinetion, the eharaeteristie body proportions 
are not in themselves dangerons. However, the nnderlying mntation, 
which affeets the structure of eonneetive tissue throughout the 
body, eommonly causes life-threatening eardiovasenlar problems. 



4 


Gongenital talipes equinovarus (TAL-i-pèz 
e-kwi-nò-VA-rus) (clubfoot) results from an inherited 


developmental abnormality that affeets 2 in 1000 births. Boys 
are affeeted ronghly twice as often as girls. One or both feet 
may be involved, and the eondition may be mild, moderate, or 
severe. The nnderlying problem is abnormal muscle develop- 
ment that distorts growing bones and joints. In most eases the 
tibia, ankle, and foot are affeeted, and the feet are turned 
medially and inverted. If both feet are involved, the soles faee 
one another. Prompt treatment with easts or other snpports in 
infaney helps alleviate the problem, and fewer than half of the 
eases require surgery. 
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5 


Gígantism (also ealled giantism) resnlts from an 


overprodnetion of GH before pnberty. Individnals 
ean reaeh heights of over 2.7 m (8 ft 11 in.) and weights 
of over 200 kg (440 Ib). Pnberty is often delayed, and the 
faeial featnres in adnlts resemble those of aeromegaly 


(see 



). The most eommon eanse is a pitnitary tnmor, 


which may be treated by snrgery, radiation, or drngs that 
snppress GH release. 



6 


Under abnormal eonditions, mesenehymal stem eells 
in any eonneetive tissne ean develop into osteoblasts 


that begin prodneing bone. The person at top left has 
fibrodysplasia ossifieans progressiva (FOP), a rare single 
gene mntation disorder that involves bone deposits aronnd 
skeletal mnseles. The skeleton at top right shows the 
extent of abnormal ossifieation that ean oeenr. Bones that 
develop in unusual plaees are ealled heterotopie {hetero, 
plaee), or eetopie {ektos, outside), bones. There is no 
effeetive treatment for this painfnl and debilitating 
eondition, and patients seldom snrvive into their 40s. 


7 


If GH levels rise 
abnormally after 


epiphyseal eartilages elose, 
the skeleton does not grow 
longer, but bones get 
thieker, espeeially those in 
the faee, jaw, and hands. 
Gartilage growth and 
alterations in soft-tissue 
structure lead to ehanges in 
physieal featnres, such as 
the contours of the faee. 
These physieal ehanges 
occur in the disorder ealled 
aeromegaly. Early diagnosis 
and treatment with 
pitnitary snrgery and/or 
drugs that reduce 
GH levels may 
prevent irreversible 
physieal ehanges 
and extend life 
expectancy in both 
aeromegaly and 
gigantism. 


Modyle 6.9 Revìew 


a. Why is pituitary dwarfisnn less eommon 
today in the Dnited States? 

b. Deseribe Marfan's syndrome. 

e. Gompare gigantism with aeromegaly. 



6.9 Discuss various abnormalities of bone formation and growth. 
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SEGTION 1 Revìew 



Concept map 

Use eaeh of the follovving terms onee to fill in the blank 
boxes to eorreetly eomplete the map. 

• lacunae 

• osteoeytes 

• eollagen 

• intramembranous ossifieation 

• eompaet bone 

• periosteum 

• hyaline eartilage 



Bone formatìon 




I 




Voeabnlary 

VVrite the term for eaeh of the follovving deseriptions in the spaee provided. 

Bones vvith complex shapes 
The expanded ends of a long bone 
A shallovv depression in the surface of a bone 
The marrovv-filled spaee vvithin a bone 
The strut- and plate-shaped matrix of spongy bone 
Cells that remove and reeyele bone matrix 
Bones that develop in tendons 
The proeess that forms nevv bone matrix 
The basie functional unit of eompaet bone 
Type of bone grovvth that inereases bone diameter 
Proeess by vvhieh eartilage is replaeed by bone 


Seetìon ìntegration 

VVhile playing on her svving set, 10-year-old Rebeeea falls and breaks her right leg. At the emergeney room, 
the doetor tells her parents that the proximal end of the tibia vvhere the epiphysis meets the diaphysis is 
fractured.The fracture is properly set and eventually heals. During a routine physieal vvhen she is 18, Rebeeea 
learns that her right leg is 2.54 em (1 in.) shorter than her left. VVhat might account for this differenee? 
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IVIodule 6.10 


SECTION 2 • Physìologyof Bones 



Bones play an ìmportant role as mìneral reservoìrs 

In this seetion we eonsider the dynamie relationship between ealeinm eon- 
eentrations in the blood and ealeinm reserves in the skeletal system. We 
also examine the role of hormones in regnlating ealeinm balanee in the body 



This ehemieal analysis 
shows the importanee 
of bones as mineral reser- 
voirs. Minerals are inorganie 
ions that eontribnte to the 
osmotie balanee of body 
flnids and are also vital in 
many physiologieal proeesses. 
In this seetion we foens on the 
homeostatie regnlation of 
ealeinm ion eoneentrations in 
blood. We will eonsider other 
minerals in later ehapters. 


Bone eomposìtìon 


Bone Gontaìns 


Organie 




-Calciunn 

-Potassium 

-Sodium 

— l\/lagnesium 

-Garbonate 

-Phosphate 

Total inorganie 
eomponents 


39% 

0 . 2 % 

0.7% 

0.5% 

9.8% 

17% 

67% 


99% of the body's calcium 
4% of the body's potassium 
35% of the body's sodium 
50% of the body's magnesium 
80% of the body's earbonate 
99% of the body's phosphate 


In the intestines, calcium 
and phosphate ions are 
absorbed from the diet. 
The absorption rate is 
hormonally regulated. 





2 


Calcium is the most abnndant 
mineral in the hnman body. The 


typieal hnman body eontains 1-2 kg 
(2.2-4.4 Ib) of ealeinm, with ronghly 99 
pereent of it deposited in the skeleton. 
Calcium ions play a role in a variety of 
physiologieal proeesses, such as muscle 
eontraetion, generating nerve impnlses, 
and blood eoagnlation. The homeostatie 
regnlation of ealeinm ion levels is a 
jnggling aet that balanees aetivities under 
way in the intestines, bones, and kidneys. 



VVithin the skeleton, osteoblasts 
continuously deposit new bone 
matrix. At the same time, osteoelasts 
erode existing matrix, releasing 
calcium and phosphate ions into the 
circulation.The balanee between 
osteoblast and osteoelast aetivity is 
hormonally regulated. 



In the kidneys, the 
levels of calcium 
and phosphate ions 
lost in the urine are 
hormonally 
regulated. 


Modyle 6.10 Revíew 


Even small variations from the normal calcium eoneentration 
affeet cellular operations. If the ealeinm eoneentration of 
blood inereases or deereases by more than 30-35 pereent, 
neuron and muscle eell function is disrnpted, with potentially 
lethal resnlts. Calcium ion eoneentration is so elosely regu- 
lated, however, that daily fluctuations of more than 10 
pereent are highly unusual. 


a. VVhat is the ratio oforganie compounds 
to inorganie eomponents in the 
eomposition of bone? 

b. VVhieh three organ systems eoordinate 
to maintain normal blood calcium 
levels? 

e. If blood calcium levels are seriously 
deereased in a patient, what kind of 
symptoms would you expect to see? 


(S) 6.10 List the minerals stored in the bones, and identify the organs involved in calcium homeostasis. 
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IVIodule 6.11 


The primary hormones regolatìng calcìum 
ìon metabolism are parathyroid hormone, 
eakitonin, and ealeitriol 

Calcium ion homeostasis is maintained by hormones that target 
the skeletal system, the digestive traet, and the kidneys. 



These responses are triggered when 
blood calcium ion eoneentrations fall 
below 8.5 mg/dL (1 dL equals 0.1 L, or 
100 mL). 



Bone Response 


Osteoelast 



Osteoelasts do not have PTH reeeptors. 
The PTH does bind to adjaeent osteo- 
blasts, which causes them to release a 
faetor that stimulates immature 
osteoelasts to differentiate into mature 
osteoelasts.These mature osteoelasts 
aeeelerate the erosion of bone matrix, 
thereby releasing stored calcium ions. 


Calcium released 



Low Calcìum lon Levels ìn Blood 

(below 8.5 mg/dL) 



Parathyroid Gland Response 


Low blood calcium levels cause the 
parathyroid glands to seerete 
parathyroid hormone (PTH). 



PTH 




Intestínal Response 


PTH enhanees the 
calcium-absorbing 
effeets of ealeitriol 
on the intestines. 
Asa result, the 
rate of intestinal 
calcium absorp- 
tion inereases. 



n 


more 



Calcium absorbed quickly 


When calcium ion eoneentrations 
in the blood fall below normal, eells of 
the parathyroid glands, embedded in the thyroid 
gland in the neek, release parathyroid hormone (PTH) 
into the bloodstream. Parathyroid hormone has mnltiple 
effeets that inerease blood ealeinm levels. 




Kìdney Response 


PTH inereases 
renal production 
of the hormone 
ealeìtrìol, 
which is 
continuously 

ealeitriol seereted by the 

kidneys at low 
levels.This hormone 



stimulates calcium reabsorption 
by the kidneys and calcium 
absorption in the intestines. 


77 


Calcium eonserved 




Less calcium lost 
in urine 
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These responses are triggered when 
blood calcium ion eoneentrations rise 
above 11 mg/dL 




\7 


Bone Response 



Galeitonin inhibits osteoelasts but 
does not affeet osteoblasts, which 
continue to deposit calcium ions 
within the bone matrix. 


2 


When ealeinm ion eoneentrations 
in the blood rise above normal, 


Hìgh Calcìum lon Levels ìn Blood 

(above 11 mg/dL) 




e eells in the thyroid gland seerete 
ealeitonin. 




Galeitonin 




Intestìnal Response 


Deereasing PTH 
or ealeitriol levels 
result in a 
deerease in the 
rate of calcium 
ion absorption 
from the 
intestines. 



Kìdney Response 


less 



ealeitriol 



inereased ealeitonin levels have 
an inhibitory effeet on the 
kidneys and suppress calcium 
ion reabsorption. 





Calcium excreted 


r 


More calcium lost 
in urine 


e eells of the thyroid gland seerete ealeitonin. 

This hormone deereases calcium ion eoneentra- 
tions in blood through two different meehanisms. 

Under these eonditions, less ealeinm enters the blood 
beeanse osteoelasts leave the mineral matrix alone. More ealeinm is 
removed from the blood beeanse osteoblasts eontinne to prodnee new 
bone matrix while ealeinm ion excretion at the kidneys aeeelerates. 
The net result is a deeline in the ealeinm ion eoneentration of blood, 
restoring homeostasis. 


Modyle 6.11 Revìew 


As a calcium reserve, the skeleton plays the primary role in 
the homeostatie maintenanee of normal calcium ion 
eoneentrations of blood. This fnnetion has a direet effeet on 
the shape and strength of the bones throughout the 
skeleton. When large nnmbers of ealeinm ions are released 
into the blood, the bones beeome weaker; when ealeinm 
salts are deposited, the bones beeome denser and stronger. 


a. Identify the hormones involved in 
stimulating and inhibiting the release 
ofcalcium ionsfrom bone matrix. 

b. What effeet would inereased PTH 
seeretion have on blood calcium 
levels? 

e. How does ealeitonin lower the calcium 
ion eoneentration of blood? 


6.11 Discuss the effeets of hormones on bone development, 
and explain the homeostatie meehanisms involved. 
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IVIodule 6.12 


CLINICAL MODULE 


+ 


r 


A fracture ís a eraek 
or a break ìn a bone 

Despite its mineral strength, bone ean eraek or 
even break if subjected to extreme loads, sudden 
impaets, or stresses from unusual direetions. The 
damage prodneed eonstitntes a fracture. Most 
fraetnres heal even after severe damage, provided 
that the blood supply and the eellnlar eomponents 
of the endostenm and periostenm snrvive. 


f 


Fracture Repair 


Fracture Hematoma 
Formatíon 


A' 



Dead 

bone 


Bone 

fragments 


Callus Formatíon 


Spongybone Gartilage 
ofinternal ofexternal 


callus callus 



Spongy bone of 
external callus 


Periosteum 



Immediately after 
the fracture, 
extensive bleeding occurs. 
Over a period of several 
hours, a large blood elot, 
or fracture hematoma, 
soon eloses off the injnred 
vessels and leaves a 
fibrons meshwork in the 
damaged area. 


2 


Next, eells of the 
intaet endostenm and 


periostenm nndergo rapid 
eell division, and the 
danghter eells migrate into 
the fraetnre zone. An 
internal callus {eallnm, 
hard skin) forms as a 
network of spongy bone 
unites the inner edges of 
the fraetnre. An external 
callus of eartilage and bone 
eneireles and stabilizes the 
outer edges of the fraetnre. 



Spongy Bone Formatìon 



Internal 

callus 


External 

callus 


As the repair eontin- 
ues, osteoblasts 
replaee the eentral eartilage 
of the external callus with 
spongy bone, which then 
unites the broken ends. 
Bone fragments and areas 
of dead bone elosest to the 
break are removed and 
replaeed. The ends of the 
fraetnre are now held 
firmly in plaee and ean 
withstand normal stresses 
from muscle eontraetions. 



Gompaet Bone 
Formatìon 





External 

callus 


4 


A swelling 
initially 


marks the loeation 
of the fraetnre. 
Over time, this 
region will be 
remodeled by 
osteoblasts and 
osteoelasts, and 
little evidenee of 
the fraetnre will 


remain. 
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Types of Fractures 



Transverse fractures, 

such as this fracture of 
the ulna, break a bone 
shaft aeross its long axis. 



Spìral fractures, such 
as thisfracture ofthe 
tibia, are prodoeed by 
tvvisting stresses that 
spread along the 
length of the bone. 


Dlsplaeed fractures 

produce nevv and 
abnormal bone 
alignments. Nondís- 
plaeed fractures retain 
the normal alignment of 
the bones or fragments. 


eompressìon fractures occur 
in vertebrae subjected to 
extreme stresses, such as the 
forees produced vvhen you land 
on your buttocks in a fall. 
Gompression fractures are often 
assoeiated vvith osteoporosis. 



In a greenstíckfracture, 

such as this fracture of 
the radius, only one side 
of the shaft is broken, 
and the other is bent.This 
type of fracture generally 
occurs in ehildren, vvhose 
long bones have yet to 
ossifyfully. 



Commínuted fractures, 

such as this fracture of 
the femur, shatter the 
affeeted area into a 
multitude of bony 
fragments. 


Epìphyseal fractures, such as this fracture of the 
femur, tend to occur vvhere the bone matrix is 
undergoing ealeifieation and ehondroeytes are 
dying. A elean transverse fracture along this line 
generally heals vvell. Llnless carefully treated, 
fractures betvveen the epiphysis and the epiphyseal 
eartilage ean permanently stop grovvth at this site. 


A Pott's fracture, 

also ealled a 
bimalleolar fracture, 
occurs at the ankle 
and affeets both the 
medial malleolus of 
the distal tibia and 
the lateral malleolus 
of the distal fibula. 


A Golles fracture, a break 
in the distal portion of 
the radius, is typieally the 
result of reaehing out to 
cushion a fall. 


5 


Fractures are named using varions eriteria, inelnding their external 
appearanee, their loeation, and the nature of the eraek or break in the 


bone. Important types of fraetnres are illnstrated here by representative 
x-rays. The broadest general eategories are elosed fraetnres and open 
fraetnres. Glosed, or símple, fractures are eompletely internal. They ean 
be seen only on x-rays, beeanse they do not involve a break in the skin. 
Open, or compound, fraetnres projeet throngh the skin. These fraetnres, 
which are obvions on inspeetion, are more dangerons than elosed 
fraetnres, due to the possibility of infeetion or nneontrolled bleeding. 

Many fraetnres fall into more than one eategory, beeanse the terms overlap. 


Modnle 6.12 Revíew 


a. List the steps involved in fracture 
repair, beginning just after the fracture 
occurs. 

b. When during fracture repair does an 
external callus form? 

e. Define open fracture and elosed 
fracture. 


6.12 Deseribe the types of fractures, and explain how fractures heal. 
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Concept map 


Use eaeh of the follovving terms onee to fill in the blank 
boxes to eorreetly eomplete the map. 


.s|/Ca2+ level 

• homeostasis 

• release of stored Ca2+ from bone 
. s|/Ca2+ eoneentration in blood 

• parathyroid glands 

• ealeitonin 

.^Ca2+ eoneentration in blood 



Short answer 

Identify the type of fracture and the bones involved in eaeh of the follovving x-ray 
images. 
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GHAPTER 6 REVIEVV • OsseousTìssue and Bone Structure 


Study Outlìne 


SEGTION 1 • lntroductíon to the Structure 

and Growth of Bones 



The skeletal system ìs made up of the axìal and 

appendìcular dìvìsìons p. 203 

1. The axìal skeleton has 80 bones and eonsists of the bones 
of the skull, thorax, and vertebral colunnn. 

2. The appendícular skeleton has 126 bones and eonsists 
of the limb bones, and the peetoral and pelvie girdles that 
attaeh the limbs to the axial skeleton. 

3. The functions of the skeletal system are support, storage of 
minerals and lipids, blood eell production, proteetion, and 
leverage. 



Bones are elassìfìed aeeordìng to shape and structure and 
have varìed surface markìngs p. 204 


4. Bones ean be divided into six broad eategories based 
on their shapes: flat bones, sutural bones, long bones, 
ìrregular bones, sesamoìd bones, and short bones. 



5. Eaeh bone has eharaeteristie surface markìngs, including 
elevations or projeetions, depressions, grooves, and 
tunnels. 


Long bones transmìt forees 
along the shaft and have a 
rìeh blood supply p. 206 

6. A representative long 
bone has an epìphysís, 
metaphysìs, dìaphysìs, 
and a medullary eavìty. 
The epiphyses eonsist 
mostly of spongy bone 
(also ealled cancellous or 
trabecular bone) while 
the diaphysis is made 

of eompaet (or eortieal) 
bone. 

7. The medullary eavity 
is filled with red bone 
marrow (for blood eell 
production) and yellow 
bone marrow (for lipid 
storage). 

8 . Artìcular eartìlage 

eovers the portion of the 
epiphysis that articulates 
with other bones. It is 
avascular and relies on the 
diffusion of synovial fluid 
for its metabolism. 


The growth and maintenanee 
ofbones regaire an extensive 
bioodsappiy. Therefore, osseoas 
tissae is highly vaseaiar. 




Bone has a ealeìfìed matrìx maìntaìned and altered 
by osteoeytes, osteoblasts, osteogenìe eells, and 
osteoelasts p. 208 

9. Osteoeytes are mature bone eells that account for most 
of the eell population in bone.These eells maintain the 
protein and mineral eontent of the bone matrix.They 
occupy a lacuna, and have proeesses that extend into 

canalìculì. 

10. Osteoblasts produce new bone matrix in a proeess ealled 
ossífìeatìon or osteogenesìs.They develop into osteoeytes 
onee they have been surrounded by bone matrix. 

11 . Osteogenìe, or osteoprogenitor, eells are mesenehymal 
eells present in bone.They reside in the inner layer of the 
periosteum, the endosteum, and in vascular passageways. 

12. Osteoelasts are eells that remove and reeyele bone matrix. 



Gompaet bone eonsìsts of parallel osteons, and spongy 
bone eonsìsts of a network of trabeculae p. 210 


13. The basie functional unit of eompaet bone is the osteon or 
Haversian system. Eaeh osteon forms a series of eoneentrie 
lamellae surroundinq a eentral eanal. 



eompaet bone eonsists ofparallel osteons. You might think ofa 
single osteon as a drinking straw wjth very thiek walls. Osteons are 
parallel to the long axis ofa bone and give it great strength even 
when extreme foree ìs applied to eìther end. 

14. Spongy bone is found in areas of less stress, as in the 
epiphyses of long bone. Spongy bone is formed by an 
open networkof struts and plates ealled trabeculae. 

15. Cìrcumferentìal lamellae surround the outer and inner 
surfaces of bone. Interstítíal lamellae fill in the spaees 
between the osteons of eompaet bone. Perforatìng 
eanals run perpendicular to the long axis of bone. 



In apposìtìonal bone growth, layers of eompaet bone are 
added to the bone's outer surf aee p. 212 

16. The diameter of a long bone enlarges through 

apposítíonal growth at the outer surface as layers of 
bone are added. During this proeess, osteoelasts remove 
and reeyele lamellae at the inner surface, inereasing the 
diameter of the medullary eavity. 
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GHAPTER 6 REVIEVV • OsseousTìssueand BoneStructure (continued) 


17. Perìosteum eovers the superficial layer of eompaet bone 
except vvithin the joint eavities. Endosteum lines the 
medyllary eavity. 


6.7 


Endoehondral ossífìeatìon replaees a cartìlagìnous model 
wìthbone p. 214 

1 8. Endoehondral ossífìeatìon begins vvith a hyaline eartilage 
model that is gradually replaeed vvith bone. A prìmary 
ossìfìeatíon eenter forms at the diaphysis; seeondary 


ossífìeatìon eenters form at the epiphyses. 




\ 










0 ' 



• f 
% 


lntramembranous 
ossifìeation starts 
approKimateiy 
daring the eighth 
week ofembryonie 
deveiopment. 

At 10 weeks (ieft), bone formation is under way but the skeleton ìs 
ineomplete. At 16 weeks, most ofthe bones ofthe adultskeleton ean be 
identihed. 


19. All the eartilage is replaeed except at the epíphyseal 
eartílage of the metaphysis, and the articular eartilage. 
The epiphyseal eartilage regulates lengthvvise grovvth of 
the bone. Eventually, epìphyseal closure vvill signal the 
end of epiphyseal grovvth. 



lntramembranous ossìfìeatìon forms bone wìthout a prìor 
cartìlagìnous model p. 216 


20. lntramembranous ossífìeatìon begins vvhen 

mesenehymal eells differentiate into osteoblasts.This 
proeess produces dermal bones, such as the roofing 
bones of the skull, the mandible, elaviele, and sesamoid 
bones such as the patella. 



Abnormalìtìes of bone growth and development produce 
reeognìzable physìeal sìgns p. 218 

21. A variety of endoerine or metabolie problems ean result 
in atypieal skeletal grovvth. Pìtuítary growth faìlure 
and aehondroplasìa result in abnormally short bones. 

Marfan's syndrome and gìgantísm cause abnormal 
tallness. Other eonditions include eongenìtal talìpes 
equìnovarus, aeromegaly, and fìbrodysplasìa ossìfìeans 
progressìva. 


^ SEGTION 2 * Physiology of Bones 


6.10 J 


Bones play an ìmportant role as mìneral reservoìrs 


p. 221 


22. Calcìum is the most abundant mineral in the body; 
99 pereent of it is loeated in the skeleton. 


23. The intestines, the skeleton, and the kidneys function to 
eoordinate calcium homeostasis in blood. 



The prìmary hormones regulatìng calcìum ìon 
metabolìsm are parathyroìd hormone, ealeìtonìn, and 
ealeìtrìol p. 222 


24. Lovv calcium ion levels in blood trigger parathyroìd 
hormone (PTH) release from the parathyroìd glands. 

PTH raises calcium ion levels in blood by indireetly 
stimulating osteoelasts, and enhaneing calcium absorption 
in the intestines and calcium reabsorption by the kidneys. 
Galeitriol release from the kidneys is also stimulated by 
PTH and assists the intestines vvith calcium absorption. 

25. High calcium ion levels in blood stimulate the C eells of 
the thyroìd gland to release ealeítonìn. Galeitonin lovvers 
blood calcium by inhibiting osteoelasts, and reducing 
ealeitriol release and calcium reabsorption by the kidneys. 



A fracture ìs a eraek or a break ìn a bone 


p. 224 


26. A break or eraek in a bone is a fracture. The repair of a 
fracture involves the formation of a fracture hematoma, 
an ínternal callus, and an external callus. 


27. There are many types of bone fractures depending on the 
forees causing the damage. 


Bone ean eraek or break if 
sabjeeted to extreme loads, 
sadden impaets, or stresses 
from unusual direetions 



28. eiosed or símple fractures are eompletely internal.They 
do not breakthe skin and ean only be seen on x-ray. Open 
or compound fractures projeet through the skin.These 
are espeeially dangerous due to the possibility of infeetion 
or uncontrolled bleeding. 
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ehapter Revìew Questíons 


Labelìng 

Identify the anatomieal regions and 
structures in this image of a long bone. 



True/False 




10 


indieate vvhether eaeh statement is true or false. 

A broken leg that results in a bone protruding through the skin is ealled a compound 
fracture. 

The primary ossifìeation eenters are loealized in the epiphyses. 

Osteoblastie aetivity tends to deposit calcium into the bone. 

Parathyroid hormone (PTH) is released in response to lovv blood calcium levels. 

Cancellous bone and eompaet bone are synonymous terms. 

Aforamen is a small rounded passagevvay through vvhieh blood vessels or nerves 
penetrate. 

Bone has a rieh blood supply, but laeks sensory innervation. 

Appositional grovvth inereases bone diameter. 


11 


12 


13 


14 


15 


8 

9 

10 
11 
12 

13 

14 

15 


IVIultìple ehoìee 


Seleet the eorreet ansvver from the list provided. 



Blood eell formation occurs in 

Q a) yellovv bone marrovv. 

Q b) red bone marrovv. 

Q e) the matrix of bone tissue. 

Q d) the ground substance of bones. 



VVhieh of the follovving hormones is not involved vvith blood 
calcium ion homeostasis? 

Q a) ealeitriol 
Q b) parathyroid hormone 
Q e) prolaetin 
Q d) ealeitonin 


ehapter 6 Review • 229 



















































































GHAPTER 6 REVIEVV • OsseousTìssueand BoneStructure (continued) 



The presenee of an epiphyseal line indieates 

Q a) epiphyseal grovvth has ended. 

Q b) the bone is fractured at that loeation. 

Q e) the bone vvill continue inereasing in length for many years. 
Q d) vitamin D 3 insufficiency. 



Red bone marrovv resides in the 

Q a) medullary eavity. 

Q b) sinus eavity. 

Q e) faeets. 

Q d) fossa. 



The formation of bone vvithout a prior cartilaginous model is 

Q a) endoehondral ossifieation. 

Q b) intramembranous ossifieation. 

Q e) aehondroplasia. 

Q d) fibrodysplasia ossifieans progressiva. 



VVhieh of the follovving are examples of irregular bones? 

Q a) VVormian bones 
Q b) patellae 
Q e) earpals 
Q d) vertebrae 



VVhieh of the follovving terms is used to deseribe the architectural 
arrangement of spongy bone? 

Q a) osteon 

Q b) circumferential lamellae 
Q e) trabeculae 
Q d) Haversian system 



The membrane vvrapping the bones, except at the joint eavity, 
is the 

Q a) endosteum. 

Q b) periosteum. 

Q e) osteon. 

Q d) interstitial lamellae. 



VVhieh of the follovving bones is nof formed by endoehondral 
ossifieation? 

Q a) mandible 

Q b) patella 

Q e) femur 

Q d) roofing bones of the skull 


FìlMn 


Fill in the follovving blanks in the spaees provided to the right. 





The number of bones in the axial skeleton is_bones, vvhile the 

appendicular skeleton eontains_bones. 

_bones develop inside tendons and are eommonly loeated near the joints 

of the knees, hands, and feet. 

An air-filled ehamber vvithin a bone is ealled a(an)_. 



The functional unit of mature eompaet bone is ealled a(an) 



are eells that remove and reeyele bone matrix. 






A 






Short answer 



VVhat are the five primary functions of the skeletal system? 



Deseribe vvhy epiphyseal fractures are of particular eoneern. 



VVhieh kind of fracture vvould you expect to occur in a patient 
vvhose shinbone broke vvhen her foot stuck to the floor vvhile she 
vvas daneing a pirouette? 



Gompare and eontrast pituitary grovvth failure and aehondroplasia. 



VVhy are impaets perpendicular to the shaft of a long bone more 
dangerous than stress applied parallel to the long axis of the bone? 



Distinguish betvveen aeromegaly and gigantism. 



VVhat is the primary differenee betvveen endoehondral ossifieation 
and intramembranous ossifieation? 


MasteringA&P® 

Aeeess more ehapter study tools online in the MasteringA&P Study Area: 

■ ehapter Quízzes, Ghapter Praetiee Test, Art-labeling Aetivities, 
Animatíons, MP3 Tutor Sessíons, and Glinieal Case Studíes 


■ Praetiee Anatomy Lab 

PAi: 

■ interaetive Physiology 

ip. 

■ A&P Flix 

AáPFIÌje 

■ PhysioEx 

PhysioEx 
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ehapter Integratìon • Applyíng what you have learned 



Assess the damage to a construction 
vvorker's spíne from a one-story fall 

A construction worker falls from the seeond floor of a building. 
He foreefnlly lands direetly on his bnttoeks in a position as if 
he were sitting. He immediately feels intense pain in his lower 
baek and is unable to get onto his feet. While waiting for the 
ambnlanee, his coworkers perform a quick assessment and 
notiee there are no bones protrnding throngh his skin. Upon 
arrival at the emergeney room, a series of diagnostie tests are 
performed. He is informed that the trauma he has suffered 
is two severely damaged vertebrae. From what you have just 
learned about osseous tissue and bone structure, answer the 
following questions. 



Taking into account the manner in which he fell and the forees 
his vertebral column experienced, whích kind of fracture would 
you antíeipate he has suffered? Is it likely to be a elosed or open 
fracture? 




An orthopedie surgeon was ealled to evaluate his ease and she 
has reeommended surgery. She informed the patient that the 
damage to the vertebrae was so severe that she would like to 
fuse them to the neighboring healthy vertebrae in order to 
stabilize his vertebral column. She mentions a technique ealled 
bone grafting, where she will shave bone from his iliae erest 
(hip), and lay these shavings between the damaged and healthy 
bones. Deseribe the cellular aetivity you would prediet to occur 
that would result ín neíghboring bones fusing into a síngle bone. 

What kind of proeesses would you expect to occur in the region 
of his hip where the bone for the graft was removed? 
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These Learning 
Onteomes 
eorrespond 
bynnmberto 
this ehapter's 
modnles and 
indieate what 
you should be 
able to do after 
eompleting 
the ehapter. 

V J 


(S) 

Learning Onteomes 
arerepeated atthe 
bottomofeaeh 
module. 



SEGTION 1 • Axìal Skeleton 


7.1 


7.2 


7.3 


7.4 


7.5 


7.6 


7.7 


7.8 


7.9 


7.10 


7.11 


7.12 


7.13 


List the four major eomponents of the axial skeleton, and deseribe its major 
functions. 

Identify the bones of the cranium and faee, and loeate and identify the 
eranial sutures. 

Explain the signifieanee of the markings and loeations of the anterior and 
posterior aspeets of the faeial and eranial bones. 

Explain the signifieanee of the markings and loeations of the lateral and 
medial aspeets of the faeial and eranial bones. 

Explain the signifieanee of the markings and loeations of the inferior 
and interior aspeets of the faeial and eranial bones. 

Deseribe and loeate the surface features of the sphenoid, ethmoid, 
and palatine bones. 

Deseribe the structure of the orbital complex and nasal complex 
and the functions of their individual bones. 

Deseribe the mandible and the assoeiated bones of the 
skull. 

Deseribe key structural differenees among the skulls of 
infants, ehildren, and adults. 

Identify and deseribe the curves of the spinal column 
and their functions, and identify the vertebral regions. 

Deseribe the distinetive structural and functional 
eharaeteristies of the eervieal and thoraeie vertebrae. 

Deseribe the distinetive structural and functional eharaeteristies of the lumbar 
vertebrae, sacrum, and coccyx. 

Explain the signifieanee of the articulations betvveen the thoraeie vertebrae and the 
ribs, and betvveen the ribs and the sternum. 





SEGTION 2 • Appendìcular Skeleton 


7.14 


7.15 


7.16 


7.17 


7.18 


7.19 


7.20 


7.21 


List the four major eomponents of the appendicular skeleton. 

Identify the bones that form the peetoral girdles, their functions, and their superficial 
features. 

Identify the bones of the arm and forearm, their functions, and their superficial features. 

Identify the bones of the vvrist and hand, and deseribe their loeations using anatomieal 
terminology. 

Deseribe the hip bones that form the pelvie girdle, their functions, and their superficial 
features. 

Identify the bones of the pelvis, and discuss the structural and functional differenees 
betvveen the pelvis in males and the pelvis in females. 

Identify the bones ofthe thigh and leg, their functions, and their superficial features. 

Identify the bones of the ankle and foot, and deseribe their loeations using anatomieal 
terminology. 













IVIodule7.1 


SECTION 1 • Axìal Skeleton 


The axial skeleton includes bones of 
the head, vertebral colunnn, and trunk 


The axíal skeleton forms the longitudinal axis of the body. This division of the 
skeletal system includes the skull and assoeiated bones, the thoraeie eage, the 
vertebral column, and varions snpplemental eartilages. There are typieally 80 
bones in the axial skeleton—ronghly 40 pereent of the bones in the human body. 




Skull and 
assoeiated 
bones 


29 


Skull 





Vertebral 

column 


26 


Auditory 

ossieles 

6 


Hyoid 

1 


Sternum 

1 


Ribs 

24 


Vertebrae 

24 


Sacrum 

1 


Coccyx 

1 



The axial skeleton provides a framework that 
supports and proteets the brain, the spinal eord, 
and the organs in the body eavities of the trunk. It also 
provides an extensive snrfaee area for the attaehment 
of mnseles that (1) adjust the positions of the head, 
neek, and trunk; (2) perform respiratory movements; 
and (3) stabilize or position parts of the appendienlar 
skeleton that snpport the limbs. The joints of the axial 
skeleton have limited movement, but they are very 
strong and heavily reinforeed by ligaments. 


APPENDICULAR 


SKELETON 

126 

(see Seetion 2) 



,À 


m. 



m 


Gostal 
eartilages 
(eartilages 
of ribs) 



Intervertebral 

(eartilage) 


l\/lodule7.1 Revìew 


Howmany bones 
eomprise the skull and 
its assoeiated bones? 

What are the primary 
purposes oftheaxial 
skeleton? 

What are the functions 
ofthe musclesthat 
attaeh to the axial 
skeleton? 



7.1 List the four major eomponents of the axial skeleton, and deseribe its major functions. 









































































































IVIodule7.2 


r 



The skull has eranial and faeial eomponents 
that are usually bound together by sutures 

The skull eontains 22 bones: eight 
form the cranium, or brainease, 
and 14 form the faee. Seven 
additional bones are assoeiated 
with the skull: six auditory 
ossieles are loeated within the 
temporal bones of the eraninm, 
and the hyoid bone is eonneeted 
to the inferior snrfaees of the 
temporal bones by a pair 
of ligaments. 


FACE 

14 

Maxillary bones 

2 

Palatine bones 

2 

Nasal bones 

2 

Inferior nasal 
eonehae 

2 

Zygomatie bones 

2 

Laerimal bones 

2 

Vomer 

1 

Mandible 

1 


CRANIUM 

8 , 

Oeeipital bone 

1 

Parietal bones 

2 

Frontal bone 

1 

Temporal bones 

2 

Sphenoid 

1 

Ethmoid 

1 



ASSOeiATED BONES 
(see Modale 7.8) 


1 


Hyoid bone 



Auditory ossieles 
enelosed in 
temporal bones 





2 


The eraníal bones form the cranium, which eneloses the 



Faeial bones proteet and snpport the entranees to the 


eranial eavity, a fluid-filled ehamber that enshions and 
snpports the brain. Blood vessels, nerves, and membranes that 


digestive and respiratory traets. They also provide areas for stabilize the position of the brain are attaehed to the inner snrfaee 


the attaehment of mnseles that eontrol faeial expressions and 
assist in manipnlating food. 


of the eraninm. Its outer snrfaee provides an extensive area for 
the attaehment of mnseles that move the eyes, jaws, and head. 


Faeìal Bones 


Nasal bone 


Zygomatie 

bone 

IVlaKÌllary 

bone 



Laerimal 

bone 


Vomer 


Mandible 


eranial Bones 


Sphenoid 

Ethmoid 



Oeeipital 

bone 
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Joints, or artienlations, form where two bones intereonneet. Except where 


the mandible eontaets the eraninm, the eonneetions between the sknll 
bones of adnlts are immovable joints ealled sutures. At a suture, bones are tied 
firmly together with dense fibrons eonneetive tissue. Eaeh suture of the skull has 
a name, but at this point you need to know only four major sutures. 


Frontal bone 




% 


Parietal bone 


, £ 



The eoronal suture attaehes the frontal 
bone to the parietal bones of either side. 
The oeeipital, parietal, and frontal bones 
form the roof of the skull, ealled the 
ealvarìa (kal-VÀ-rè-uh), or skullcap. 



A squamous (SKWÀ-mus) suture on 
eaeh side of the skull forms the 
boundary between the temporal 
bone and the parietal bone of that side. 


Lambdoid suture 


Lateral vìew of skull 







The sagìttal suture extends from the 
lambdoid suture to the eoronal suture, 
between the parietal bones. 


f 


V- 


The lambdoìd (LAM-doyd) suture 
arehes aeross the posterior surface 
of the skull.This suture separates the 
oeeipital bone from the two parietal 
bones. Oeeasionally, one or more 
sutural bones (Wormian bones) may 
be present along the lambdoid suture 
(Module 6.2, p. 204). 


X 

\ 

\ 



Posterìor víew of skull 


Modyle 7.2 Revíew 


a. ldentifythebonesofthecranium. 

b. Deseribe the functions ofthe faeial 
bones. 


e. Definesuture. 


7.2 Identify the bones of the cranium and faee, and loeate and identify the eranial sutures. 
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IVIodule7.3 


Faeìal bones domínate the anteríor aspeet of the skull, 
and eranial bones dominate the posterior surface 


We begin by examining the sknll in anterior view. 
If you eonsider the cranium as the home of the 
brain, the faeial bones form the front poreh. 



Faeìal Bones 

Paìred bones 

The nasal bones support the 
superior portion of the bridge of 
the nose.They are eonneeted to 
eartilages that support the distal 
portions of the nose. 


The laerìmal bones form part of 
the medial wall of the orbits 
(eye soekets). 


The palatìne bones form the 
posterior portion of the hard 
palate and contribute to the 
floor of eaeh orbit. 


The zygomatíe bones eontrib- 
ute to the rim and lateral wall of 
the orbit and form part of the 
eheekbone. 


The maxíllae support the upper 
teeth and form the inferior 
orbital rim, the lateral margins of 
the external nares, the upper 
jaw, and most of the hard palate. 


The ínferíor nasal eonehae 

ereate turbulence in air passing 
through the nasal eavity, and 
inerease the epithelial surface 
area to warm and humidify 
inhaled air. 

Sìngle bones 

The vomer forms the inferior 
portion of the bony nasal 
septum. 


The mandíble forms the 
lower jaw. 



eraníal Bones 


Parietal bone 


The frontal bone forms the 
anterior portion of the 
cranium and the roof of the 
orbits. l\/lucus from the 
frontal sinuses within this 
bone help flush the nasal 
eavity surfaces. 

The sphenoìd bone forms 
part of the floor of the 
cranium, unites the eranial 
and faeial bones, and aets as 
a eross-braee that strength- 
ens the sides of the skull. 


The ethmoìd bone forms 
the anteromedial floor of the 
cranium, the roof of the nasal 
eavity, and part of the nasal 
septum and medial orbital 
wall. 
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Whereas the anterior view is dominated by faeial 
bones, the posterior view is dominated by eranial 
bones. Several prominent landmarks on the oeeipital 
and temporal bones are identified here. 


eranìal Bones 


The parìetal bone on eaeh 
side forms part of the 
superiorand lateral surfaces 
of the cranium. 


The oeeìpìtal bone eontrib- 
utes to the posterior, lateral, 
and inferior surfaces of the 


eranmm. 


The temporal bone on 

either side (1) forms part of 
the lateral wall of the 
cranium and articulates with 
faeial bones, (2) forms an 
articulation with the 
mandible, (3) surrounds and 
proteets the sense organs of 
the internal ear, and (4) is an 
attaehment site for muscles 
that elose the jaws and 
move the head. 


The mastoìd proeess is 

an attaehment site for 
muscles that rotate or 
extend the head. 


The styloìd (STÌ-loyd; 
stylos, pillar) proeess, 
nearthe base of the 
mastoid proeess, is 
attaehed to ligaments 
that support the hyoid 
bone and to the tendons 
of several muscles. 



Mandible 


Sagittal suture 


Lambdoid suture 


Squamous suture 


External oeeipital 
protuberance 


The external oeeìpìtal 
erest extends inferiorly 
from the external 
oeeìpìtal protuberance. It 

marks the attaehment of a 
ligament that helps 
stabilize eervieal vertebrae. 


Modyle 7.3 Revìew 


a. Identify the faeial bones. 


b. Quincy suffers a hit to the skull that 
fractures the right superior lateral 
surface of his cranium. VVhieh bone is 
fractured? 


e. Identify the following bones as either 
a faeial bone or a eranial bone: vomer, 
ethmoid, sphenoid, temporal, and 
inferior nasal eonehae. 


7.3 Explain the signifieanee of the markings and loeations of the 
anterior and posterior aspeets of the faeial and eranial bones. 
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IVIodule7.4 


r 


The lateral and medìal aspeets of the 
skull share many surface markìngs 


This lateral view of the skull shows how the large bones 
intereonneet and reveals the surface markings of the 
individnal eranial and faeial bones. 



The frons, or forehead, forms the 


The superìor and inferìor 

anterior, superior portion of the 


temporal lines are curved 

cranium between the eyebrows 


ridges that mark the attaeh- 

and the sealp. It provides surface 


ment sites of the temporalis 

area forthe attaehment of faeial 

Goronal 

muscle, a large muscle that 

muscles. 

suture 

eloses the mouth. 


Sphenoid 


Ethmoid 


Laerimal bone 


Nasal bone 


l\/laxilla 


The alveolar 
proeesses are 

projeeting ridges 
of the maxillae 
and mandible 
that borderthe 
mouth and 
support the 
upper and lower 
teeth. 



The mental protuberance 


The mandibnlar 

{mentalis, ehin) is the 


angle is the poster- 

attaehment site for several 


ior, inferior eorner of 

faeial muscles. 

1 

the lower jaw. 


The zygomatìe proeess of the temporal 
bone, inferior to the squamous portion, 
articulates with the temporal proeess of 
the zygomatie bone.Together, these 
proeesses form the zygomatìe areh, or 
eheekbone. 


The squamous 
part of the 
temporal bone, or 

temporal squama, is 
the convex, 
irregular surface 
that borders the 
squamous suture. 


Squamous suture 

The external 
acoustic meatus, 

on the lateral 
surface, ends at the 
tympanie mem- 
brane (eardrum). 
(This membrane 
disintegrates during 
the preparation of a 
dried skull.) 


Lambdoid suture 


Mastoid proeess 
Styloid proeess 
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This sagittal seetion passes slightly to the left of the midline, 
leaving the vomer and the perpendienlar plate of the 


ethmoid intaet. 



Sphenoid 


Frontal 

bone 


Goronal 

suture 


Sphenoidal 
sinus (right) 


Hypophyseal 

fossa 


The frontal sìnuses 

are hollovv spaees in 
the bone and vary 
greatly in size and 
time of appearanee. 


Nasal bone 


Ethmoid 


Vomer 


Palatine 

bone 



IVlaKÌlla 


Mandible 


Styloid 

proeess 


The hypoglossal eanal begins at the 
lateral base of eaeh oeeipital eondyle 
and ends on the inner surface of the 
oeeipital bone near the foramen 
magnum.The hypoglossal nerves— 
eranial nerves that eontrol the tongue 
muscles—pass through these eanals. 


The petrous part of 
the temporal bone 

eneloses the 
structures of the 
internal ear—sense 
organs assoeiated 
vvith hearing and 
balanee.The auditory 
ossieles are loeated in 
the middle ear, a 
eavity vvithin the 
petrous part. 


Squamous suture 


Lambdoid suture 


The ínternal acoustíc 
meatus begins on the 
medial surface of the 
petrous part of the 
temporal bone. It 
serves as a passage- 
vvay for blood vessels 
and thefaeial and 
vestibulocochlear 


nerves. 


Moelyle 7.4 Revìew 


a. Name the meatuses found in the temporal bone. 

b. The alveolar proeesses perform vvhat functions in 
vvhieh bones? 

e. What is the function ofthe internal acoustic 
meatus? 


7.4 Explain the signifieanee of the markings and loeations of 
the lateral and medial aspeets of the faeial and eranial bones. 
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IVIodule7.5 
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The foramìna on the ìnferior surface of the skull 
mark the passagevvays for nerves and blood vessels 


In this inferior view you ean see many of the impor- 
tant passageways for blood vessels and nerves, as well 
as the foramen used by the spinal eord. 



Zygomatie 


Frontal 


Palatine 


IVlaKÌlla 


Vomer 


Foramìna 


Sphenoid 


Zygomatie areh 


Styloid proeess 


The mandìbular fossa 

on the inferior surface 
ofthe temporal bone 
marks the site of 
articulation with the 
mandible. 


Temporal bone 


The oeeìpìtal eondyles 

are the sites of 
articulation between 
the skull and the first 
eervieal vertebra. 


Lambdoid suture 


The ínferìor and superìor 
nuchal (NU-kul) línes are 
ridges that interseet the 
oeeipital erest. They mark the 
attaehment sites of muscles 
and ligaments that stabilize 
the articulation at the oeeipital 
eondyles and balanee the 
weight of the head over the 
eervieal vertebrae. 


External oeeipital erest 



The foramen lacerum 

(LA-se-rum; laeerare, to tear) is a 
jagged slit extending between 
the sphenoid and the petrous 
portion ofthe temporal bone. It 
eontains hyaline eartilage and 
small arteries that supply the 
inner surface of the cranium. 


The foramen ovale (ó-VAH-lè) 
provides passage for nerves 
innervating thejaws. 

The earotìd eanal provides 
passage for the internal earotid 
artery, a major artery to the 
brain. As it leaves the earotid 
eanal, the internal earotid artery 
passes through the anterior 
portion oftheforamen lacerum. 

The jugularforamen lies 
between the oeeipital bone and 
thetemporal bone.The internal 
jugular vein passes through this 
foramen, earrying venous blood 
from the brain. 

The stylomastoìd foramen lies 
posterior to the base of the 
styloid proeess.Thefaeial nerve 
passes through this foramen to 
eontrol the faeial muscles. 

The foramen magnum 

eonneets the eranial eavity with 
the vertebral eanal, which is 
enelosed by the vertebral 
column.This foramen 
surrounds the eonneetion 
between the brain and spinal 
eord. 
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Gompare this superior view of the floor 
of the eranial eavity with the inferior view 


of the skull at left. 



Frontal bone 


Ethmoid 


Sphenoid 


Temporal bone 


Garotid eanal 


Parietal bone 


Oeeipital bone 


Nasal bones 



Grista galli 
Gribriform plate 

Sella turcica 
Optie eanal 
Foramen rotundum 

Foramen ovale 

Foramen lacerum 
Foramen spinosum 

Internal 

acoustic meatus 


Jugular foramen 


Hypoglossal eanal 


The ìnternal oeeìpìtal erest is a ridge 
that is important in anehoring blood 
vessels and membranes that stabilize 
the position of the brain. 


Modyle 7.5 Revíew 


a. Identify the bone eontaining the 
earotid eanal, and name the structure 
that runs through this passageway. 

b. VVhieh foramen provides a passageway 
for nerves innervating the jaw? 

e. In which bone is the foramen magnum 
loeated, and what is signifieant about 
thisopening? 


7.5 Explain the signifieanee of the markings and loeations of 
the inferior and interior aspeets of the faeial and eranial bones. 
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IVIodule7.6 


The shapes and markìngs of the sphenoìd, ethmoìd, 

and palatìne bones are best seen ín the ìsolated bones 


The sphenoid is an irregnlarly shaped bone that forms part of 
the floor of the eraninm, nnites the eranial and faeial bones, 
and aets as a eross-bridge that strengthens the sides of the sknll. 




The lesser wìngs extend 
horizontally anterior to 
the sella turcica. 


Superior 
surface 
of the 
sphenoíd 


Foramen Foramen Foramen Superìor 

spìnosum ovale rotundum orbìtal fìssure 

These passages penetrate eaeh greater wing. They earry 
blood vessels and nerves to and from the orbit, faee, 
jaws, and membranes of the eranial eavity, respeetively. 


The optie eanals permit 
the optie nerves to pass 
from the eyes to the brain. 


The greater wìngs extend laterally 
from the body and form part of 
the eranial floor. Anteriorly, eaeh 
greater wing contributes to the 
posterior wall of the orbit. 


The hypophyseal (hí-pó-FIZ-è-ul) 
fossa, or pituitary fossa, is the 
depression within the sella turcica 
that supports and proteets the 
pituitary gland. 


The sella turcíca (TUR-si-kuh), or 
Turkish saddle, is a bony, saddle- 
shaped enclosure on the superior 
surface of the body of the 
sphenoid. 


A sharp sphenoidal spine lies at 
the posterior, lateral eorner of eaeh 
greater wing. 



I ne spnenoiaai smuses are 

on either side of the body, 
inferior to the sella turcica. 


orbital fissure 


Orbital surface 
of greater wing 


Lateral plate 


Anterior 
surface 
of the 
sphenoíd 


The pterygoid (TER-i-goyd; 
pterygos, wing) proeesses 
are vertieal projeetions that 
originate on either side of 
the body. 


The body forms the eentral 
axis of the sphenoid. 


Greater wing 
Lesser wing 


Foramen rotundum 


Eaeh pterygoid proeess forms 
a pair of pterygoid plates, 

which are attaehment sites 
for muscles that move the 
mandible and soft palate. 
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The ethmoid forms part of the floor of the anterior cranium, the roof 
of the nasal eavity, and part of the nasal septum and medial orbital 


walL The ethmoid has three parts: (1) the eribriform plate, (2) the paired 
lateral masses, and (3) the perpendienlar plate. 




1 m 






■!,» 


The erìbriform plate (erìbmm, sieve) forms the 
anteromedial floor of the cranium and the roof 
of the nasal eavity.The olfaetory foramina in the 
eribriform plate permit passage of the olfaetory 
nerves, which provide the sense of smell. 


".L \ í?: 







Superior surface 


The lateral masses eontain the 
ethmoidal labyrinth, which 
eonsists of the intereonneeted 
ethmoid air eells (ethmoid eells), 
small ehambers that open into 
the nasal eavity on eaeh side. 


The superior nasal eonehae 

(KONG-ké; singular, eoneha, a 
snail shell) and the middle 
nasal eonehae are delieate 
projeetions of the lateral masses. 



The perpendicular plate forms 
part of the nasal septum, along 
with the vomer and a pieee of 
hyaline eartilage. 


The erista galli (erìsta, erest -i- gallas, rooster, 
eoek; eoek's eomb) is a bony ridge that 
projeets superior to the eribriform plate.The 
falx eerebri, a membrane that stabilizes the 
position of the brain, attaehes to this ridge. 















Posterior surface 


3 


The palatíne bones form the posterior 
portion of the hard palate and eontribnte to 


the floor of eaeh orbit. 



The perpendicular plate 

of the palatine bone is a 
flat portion that extends 
from the horizontal plate 
to the orbital proeess. 


The horizontal plate 

forms the posterior part 
of the hard palate. 



The orbital proeess forms part of the 
floor of the orbit.This proeess eontains a 
small sinus that usually opens into the 
sphenoidal sinus. 


Modnle 7.6 Revìew 


a. Identify the bone eontaining the optie 
eanal, and eite the structures using this 
passageway. 

b. VVhieh bone eontains the sella turcica? 
VVhat structure is in the depression 
(fossa) within the sella turcica? 

e. Identify the bone eontaining the 
eribriform plate. VVhat is signifieant 
aboutthisstructure? 


7.6 Deseribe and loeate the surface features of the sphenoid, ethmoid, and palatine bones. 
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IVIodule7.7 


r 


Eaeh orbital complex eontains one eye, and 

the nasal complex eneloses the nasal eavities 

The faeial bones not only proteet and snpport the openings of the digestive and 
respiratory systems, but also proteet the delieate sense organs for vision and 
smell. Together, eertain eranial bones and faeial bones form an orbital complex 
eontaining one eye and the nasal complex that surrounds the nasal eavities. 



The orbits are the bony reeesses that eontain the eyes. Eaeh 
orbit is formed by the seven bones of the orbital complex. 
The frontal bone forms the roof, the zygomatie bone forms the 
lateral wall, and the maxilla provides most of the orbital floor. The 
orbital rim and the first portion of the medial wall are formed by 
the maxilla, the laerimal bone, and the lateral mass of the 

ethmoid. The lateral mass artienlates with the 
sphenoid and a small proeess of the palatine bone. 



Sphenoid 


Temporal bone 


Zygomatie bone 


The laerìmal fossa on the superior and 
lateral surface of the orbit is a shallow 
depression in the frontal bone that marks 
the loeation of the laerimal (tear) gland. 


which lubricates the eye surface. 


The supraorbìtal 
margìn is a thieken- 
ing of thefrontal 
bone that helps 
proteet the eye. 


Either a supraorbìtal noteh or a 

fully enelosed supraorbital foramen 
provides passage for blood vessels 
that supply the eyebrow, eyelids, 
and frontal sinuses. 


The zygomatíeofaeíal 
foramen on the 

anterior surface of eaeh 
zygomatie bone earries 
a sensory nerve that 
innervates the eheek. 


The ínfraorbìtal 
foramen marks the path 
of a major sensory nerve 
that reaehes the brain via 
theforamen rotundum 
of the sphenoid. 



Frontal bone 
Palatine bone 
Ethmoid 


The laerímal sulcus, a groove 
along the anterior, lateral 
surface of the laerimal bone, 
marks the loeation of the 
laerimal sae.The laerimal sulcus 
leads to the nasolaerimal eanal. 


The nasolaerìmal eanal, 

formed by a maxilla and 
laerimal bone, proteetsthe 
laerimal sae and the nasolaeri- 
mal duct, which earries tears 
from the orbit to the nasal 
eavity. 


Middle nasal eoneha 


Inferior nasal eoneha 


Maxilla 
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The nasal complex includes the bones that enelose the nasal eavities and the 


paranasal sinuses, air-filled ehambers eonneeted to the nasal eavities. The 
sphenoid, ethmoid, frontal bone, palatine bone, and maxillae eontain the paranasal 
sinnses. (The tiny palatine sinnses, not shown, 
generally open into the sphenoidal sinnses.) 

The paranasal sinnses lighten the skull 
bones, allow the voiee to resonate, and 
provide an extensive area of mucous 
epithelium. Inflammation of the 
sinnses due to viral, baeterial, or 
fungal infeetion is ealled sinnsítís. 


4 




Granial 

eavity 














Orbit 


f 


í 


Vomer 


l\/laxilla 


Frontal 

seetion 


Mandible 


Frontal bone 


1 


The ethmoìd air eells form a network 


that seeretes mucus to flush the surfaces 

JJì 

of the nasal eavities. 


Zygomatie bone 
Perpendicular plate of ethmoid 


The imaxìllary sìnuses produce mucus 
that flushes the inferior surfaces of the 
nasal eavities.The maxillae are the largest 
faeial bones, and the maxillary sinuses 
are the largest sinuses. 


Nasal eavities 


3 


This is a sagittal seetion of the skull with the nasal septum 
removed. The frontal bone, sphenoid, and ethmoid form the 


snperior wall of the nasal eavities. The lateral walls are formed by the 
maxillae and the laerimal bones, the ethmoid (the snperior and middle 
nasal eonehae), and the inferior nasal eonehae. Much of the anterior 
margin of the nasal eavity is formed by the soft tissnes of the nose, but 
the bridge of the nose is snpported by the 
maxillae and nasal bones. 



Frontal bone 


Nasal bone 
Laerimal bone 


Palatine bone - 


Inferior nasal eoneha 
Perpendicular plate 

Horizontal plate 


Maxilla 



The frontal sìnuses generally appear after age 6, 
but some people never develop them. 


The paired sphenoìdal sìnuses are found 
on either side of the body of the sphenoid, 
inferiorto the sella turcica.They vary in size. 


Sphenoid 


Ethmoìd 


Superior nasal eoneha 
Middle nasal eoneha 


Pterygoid plates 


Module 7.7 Revìew 


Hard palate 


a. Identify the bones ofthe orbital complex. 

b. To which complex—nasal, orbital, or 
both—does eaeh of the following bones 
contribute? frontal, maxilla, palatine, nasal 

e. Deseribe the frontal sinuses. 


(S) 7.7 Deseribe the structure of the orbital complex and nasal 
complex and the functions of their individual bones. 
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IVIodule7.8 
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The mandìble forms the lovver jaw, and the assoeiated 
bones of the skull perform speeìalìzed functions 



The mandible ean be snbdivided into the horizontal body and 
the aseending rami (singnlar, ramus) of the mandible. The 
lower teeth are snpported by the mandibnlar body. The mandible 
forms the entire lower jaw and artienlates with 
the mandibnlar fossae of the temporal bones. 



The eondylar proeess 

articulates with the 
temporal bone at the 
temporomandibular joint. 


Teeth (molars) 


The mandìbular noteh is the 

depression that separates the 

II I * I 


eondylarand eoronoid proeesses. 



Lateral víew 


The ramus of the mandible is the aseending part 
that begins at the mandibular angle on either 
side.The masseter muscle, which is involved 
with chewing, is attaehed on its lateral surface. 


l\/landibular angle 


The eoronoíd (KOR-ó-noyd) 
proeess is the insertion point 
for the temporalis muscle, a 
powerful muscle that eloses the 
jaws. 


The alveolar proeess supports 
the lowerteeth. 


Mental foramen 


j 


The body of the mandible is the 
horizontal portion of that bone. 


2 


The medial surface of the 
mandible has prominent 


surface markings. 



Alveolar 

part 


The mylohyoíd line marks 
the insertion of the mylohy- 
oid muscle, which supports 
the floor of the mouth. 


Goronoid 

proeess 


Gondylar 

proeess 



Head 


The mandìbular foramen is the 

entranee to the mandibular eanal, a 
passageway for blood vessels and 
nerves that serviee the lower teeth. 
Dentists typieally anesthetize the 
sensory nerve within this eanal 
before they work on the lower teeth. 


A prominent depression on the medial surface marks 
the position of the submandibular salivary gland. 
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FACE 

14 

l\/laxillary bones 

2 

Palatine bones 

2 

Nasal bones 

2 

Inferior nasal 
eonehae 

2 

Zygomatie bones 

2 

Laerimal bones 

2 

Vomer 

1 

Mandible 

1 


CRANIUM 

8 

Oeeipital bone 

1 

Parietal bones 

2 

Frontal bone 

1 

Temporal bones 

2 

Sphenoid 

1 

Ethmoid 

1 


3 


The hyoid bone —one of the 


seven assoeiated bones of 
the sknll—snpports the larynx and 
is the attaehment site for mnseles 
of the larynx, pharynx, and tongne. 





Auditory ossieles 
enelosed in 
temporal bones 
(see ehapter 15) 


6 


4 


Also assoeiated with the sknll are 
six tiny bones ealled anditory 


ossieles. Three bones are loeated 
within eaeh middle ear eavity, 
enelosed in the petrons part of the 
temporal bone. They play a key role in 
hearing by eondneting the vibrations 
prodneed by sonnd waves from the 
tympanie membrane to the reeeptor 


complex of the internal ear. 


f 




The greater horn, or greater cornu 
(plural, eornaa), helps support the 
larynx and is attaehed to muscles that 
movethe tongue. 



The lesser horn, or lesser cornu, is 
attaehed to ligaments that suspend the 
hyoid and larynx beneath the skull, like 
a ehild's swing from the limb of a tree. 


Modyle 7.8 Revíew 


Superior view 


a. Name theforamina ofthe mandible. 

b. Deseribe the loeation and function ofthe 
auditory ossieles. 

e. Is your lab partner eorreet when she elaims 
that the hyoid bone does not direetly join 
(articulate with) any other bone? 


7.8 Deseribe the mandible and the assoeiated bones of the skull. 
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IVIodule7.9 
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Fontanelles permít eranìal grovvth 
in infants and small ehildren 


The skull organizes around the developing 
brain. As birth approaehes, the brain enlarges 
rapidly. The skull bones are also growing, but 
they fail to keep paee with the brain’s growth. At 
birth, the eranial bones are eonneeted by areas of 
flexible fibrons eonneetive tissue that enable the 
sknlFs shape to ehange without damage to ease 
the infant s passage throngh the birth eanal. The 
largest fibrons areas between the eranial bones 
are known as fontanelles (fon-tuh-NELZ; 
sometimes s^e\\eáfontanels). 



The anterior fontanelle is often referred 
to as the “soft spot” on newborns and is 
often the only fontanelle easily reeognized by 
new parents. It generally persists until the ehild is 
nearly 2 years old. The anterior fontanelle is also 
of elinieal importanee. Normally it is taut, but it 
is shallow in a dehydrated infant. 


Sagittal suture 


The anterior fontanelle is the 
largest fontanelle. It lies at the 
interseetion of the frontal, 
sagittal, and eoronal sutures in 
the anterior portion of the skull. 


Goronal suture 


Frontal suture 


2 


Over time, the sutures gradnally 


narrow and the fontanelles beeome 
smaller and smaller. In this posterior view 
of an infant skull, the oeeipital fontanelle 
has almost disappeared. 




Anterior/superior view 


Sagittal suture 


Oeeipital fontanelle 


Lambdoid suture 


Oeeipital bone 


Posterior view 
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This lateral view shows how 
small an infant s faeial bones 
are eompared with the eraninm. 



Goronal 

suture 


Sphenoid 


Nasal bone 


IVlaKÌlla 



The sphenoìdal fonta- 
nelle on eaeh side lies at 
the junction between the 
squamous suture and the 
eoronal suture. 


Squamous suture 


The mastoìd fontanelle 

on eaeh side lies at the 
junction between the 
squamous suture and the 
lambdoid suture. 


Lambdoid suture 
Oeeipital bone 


4 


This snperior view shows the size of the 
anterior fontanelle relative to the width 


of the fibrons areas destined to beeome the 
sntnres of the adnlt sknll. Beeanse it is 
eomposed of fibrons eonneetive tissne 
and eovers a major blood vessel, 
the anterior fontanelle pnlses 
as the heart beats. 


Frontal suture 


Anterior fontanelle 


Goronal suture 



Lambdoid suture 


The oeeìpìtal fontanelle 

is at the junction between 
the lambdoid and sagittal 
sutures. 


Oeeipital bone 


The oeeipital, sphenoidal, and mastoid fontanelles disappear 
within a month or two after birth. Even after the fontanelles 
disappear, the bones of the sknll remain separated by fibrons 
eonneetions. The most signifieant growth in the skull occurs 
before age 5, because at that time the brain stops growing 
and the eranial sutures ossify. 


l\/lodule7.9 Revìew 


a. Identify the majorfontanelles. 

b. What purposes do fontanelles serve? 

e. Why doyou thinkan infant'sfaeial 
bones are so small eompared with its 
cranium? 


7.9 Deseribe key structural differenees among the skulls of infants, ehildren, and adults. 
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The vertebral column has four spìnal 

curves, and vertebrae share a basíe 
structure that differs regíonally 



The adult vertebral 
column (or spine) eonsists 
of 26 bones: the 24 vertebrae, 
the sacrum, and the coccyx 
(KOK-siks), or tailbone. The 
staeked vertebrae form a column 
of support that bears the weight 
of the head, neek, and trunk and 
ultimately transfers the body s 
weight to the appendicular 
skeleton of the lower limbs. The 
vertebrae also proteet the spinal 
eord and help maintain an 
upright body position, as in 
sitting or standing. The length of 
the vertebral column of an adult 
averages 71 em (28 in.). 



The thoraeìe curve, a primary 
curve, aeeommodates the 
thoraeie organs. 


The eervìeal curve, a seeondary 
curve, develops as the infant learns 
to balanee the weight of the head 
on the eervieal vertebrae. 


The lumbar curve, a seeondary 
curve, balanees the weight of the 
trunk over the lower limbs. It 
develops with the ability to stand. 


The saeral curve, a primary 
curve, aeeommodates the 
abdominopelvie organs. 


Spínal Curves 

Primary curves develop before birth, 
and seeondary curves after birth. 


Vertebral Regíons 

Regions are defined by 
anatomieal eharaeteristies 
of individual vertebrae. 


Gervieal 
(7 vertebrae) 


Thoraeie 
(12 vertebrae) 


Lumbar 
(5 vertebrae) 


Saeral 


Goeeygeal 


Regional Comparison of Vertebral Structure and Function 


Gervìeal Vertebrae (7) 

Thoraeìe Vertebrae (12) 

Lumbar Vertebrae (5) 

Loeatìon 

Neek 

ehest 

Inferior portion of baek 

Vertebral Body 

Small, oval, curved faees 

Medinm, heart-shaped, flat faees; faeets 
for rib articulations 

Massive, oval, flat faees 

Vertebral Foramen 

Large 

Smaller 

Smallest 

Spínous Proeess 

Long; split tip; points inferiorly 

Long, slender; not split; points inferiorly 

Blunt, broad; points posteriorly 

Transverse Proeesses 

Have transverse foramina 

All but two have faeets for rib 
articulations 

Short; no articular faeets or 
transverse foramina 

Functìons 

Support skull, stabilize relative 
positions of brain and spinal 
eord, and allow eontrolled head 
movements 

Support weight of head, neek, upper 
limbs, and ehest; articulate with ribs to 
allow ehanges in volume of thoraeie eage 

Support weight of head, neek, 
upper limbs, and trunk 
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Eaeh vertebra eonsists of three basie parts: 
(1) artienlar proeesses, (2) a vertebral areh, 


and (3) a vertebral body. 


3 


The vertebral areh forms the posterior margin of eaeh verte- 
bral foramen. It eonsists of a pair eaeh of laminae and pedieles, 


and snpports varions proeesses: artienlar, spinons, and transverse. 


Parts of a Vertebra 



The artìcular proeesses 

extend superiorly and 
inferiorly to articulate 
with adjaeent vertebrae. 


The vertebral areh forms 
the posterior and lateral 
margins of the vertebral 
foramen. 


Superior view 


The vertebral body is the 

part of a vertebra that 
transfers weight along the 
axis of the vertebral 
column. 



The vertebral foramen 

is framed by the 
vertebral body and 
the vertebral areh. 


Inferior view 


The Vertebral Areh 

A spínous proeess projeets 
posteriorly from the point where the 
vertebral laminae fuse to eomplete 
the vertebral areh. 

The lamínae (LAM-i-né; singular, 
lamìna, a thin plate) form the"roof" 
of the vertebral foramen. 

Transverse proeesses projeet 
laterally on both sides from the point 
where the laminae join the pedieles. 
These proeesses are sites of muscle 
attaehment and may also articulate 
with the ribs. 

The pedìeles (PED-i-kulz) form the 
sides or "walls" of the vertebral areh 
and eonneet it to the vertebral body. 


4 


This lateral view of three vertebrae shows 
how they eombine to form the vertebral eanal. 


Pediele 
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V.ertebral 
body 


The bodies of adjaeent 
vertebrae are intereon- 
neeted by ligaments but 
are separated by pads of 
fibroeartilage, the 
ìntervertebral dìses. 


The spaees that are formed 
between successive pedieles 
are ealled íntervertebral 
foramìna. Nerves and blood 
vessels running to or from 
the spinal eord pass through 
these foramina. 


Together, the vertebral foramina of 
successive vertebrae form the vertebral 
eanal, which eneloses the spinal eord. 


5 


Eaeh artienlar proeess has a smooth, eoneave snrfaee ealled an 
articular faeet. This faeet is the portion of the artienlar proeess 


that forms the joint with the adjaeent vertebra. This posterior view 
shows that the vertebral arehes form the roof of the vertebral eanal. 



The superìor artícular proeesses 

articulate with the inferior articular 
proeesses of a superior vertebra. 


The ínferíor artìcular proeesses 

articulate with the superior articular 
proeesses of an inferior vertebra (or 
the sacrum, in the ease of the last 
lumbar vertebra). 


Note that when referring to a speeifie vertebra, we use the eapital letters 
e, T, L, S, and Co to indieate the eervieal, thoraeie, lumbar, saeral, and 
eoeeygeal regions, respeetively. In addition, we use a subscript number 
to indieate the relative position of the vertebra within that region, with 1 
indieating the vertebra elosest to the skull. For example, Ci is in eontaet 
with the skull and e^ is the third eervieal vertebra. Similarly, T12 is in 
eontaet with Li, and L4 is the fourth lumbar vertebra. 


Modale 7.10 Revìew 


a. What is the importanee ofthe 
seeondary curves of the spine? 

b. Namethe majoreomponentsofa 
typieal vertebra. 

e. To which part ofthevertebra dothe 
intervertebral dises attaeh? 


7.10 Identify and deseribe the curves of the spinal column 
and their functions, and identify the vertebral regions. 
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There are seven eervkal vertebrae 
and tvvelve thoraeie vertebrae 


Gervieal Vertebrae 


The seven eervieal vertebrae, the smallest in 
the vertebral eolnmn, extend from the oeeipital 
bone of the sknll to the thorax. 



The vertebral foramen of a 
eervieal vertebra is very 
large. At this level, the spinal eord 
still eontains most of the axons 
that eonneet the brain to the rest 
of the body. However, eervieal 
vertebrae snpport only the weight 
of the head, so the vertebral body 
ean be relatively small and light. 
As you continue toward the 
sacrum, the load inereases and 
the vertebral bodies gradnally 
enlarge. 


2 


The first two eervieal 


vertebrae are speeialized to 
snpport and stabilize the eraninm 
while permitting head movement. 
The atlas, Ci, has no vertebral 
body and no spinons proeess, but 
it has a large, round vertebral 
foramen bonnded by anterior and 
posterior arehes. The axis, G^, 
resembles inferior eervieal 
vertebrae except for the presenee 
of the prominent dens on the 
snperior snrfaee of the body. 


Vertebral areh 


The transverse proeess 
is short and stampy. 


A slender eostal 
proeess extends 
anterolaterally from 
either side of the 
vertebral body. 


During development, 
the body oftheatlas 
fuses to the body of 
the axis, where it 
forms the prominent 
dens (DENZ; dens, 
tooth), or odontoíd 
(ó-DON-toyd; odontos, 
tooth) proeess. 


The articulation 
between the skuirs 
oeeipital eondyles and 
the atlas is a joint that 
permits nodding 
(such as when you 

indicate"yes"). 



In a typieal eervieal vertebra (G^-G^), 
the tip of eaeh spinous proeess bears 
a prominent noteh. Such a proeess is 
a bifid (Bì-fid) spinous proeess. 


Gervieal vertebra 
(superior view) 


Anterior 
areh of 


Posterior areh 
of atlas 


The transverse 
foramen, formed by 
a eonneetion of the 
eostal and transverse 
proeesses, proteets 
the vertebral arteries 
and vertebral veins 
that serviee the brain. 



The atlas holds up the 
skull, articulating with 
the oeeipital eondyles of 
the skull.This vertebra is 
named after Atlas, who, 
aeeording to Greek myth, 
holds the world on his 
shoulders. 


A transverse ligament 
binds the dens to the 
inner surface of the 
anterior areh of the atlas. 
This articulation permits 
rotation (as when you 
shake your head to 
indicate"no"). 


3 


The last eervieal vertebra has a robust spinous 


proeess that ends in a solid tnberele that ean easily 
be felt throngh the skin. For this reason, Gy is known as 
the vertebra prominens or prominent vertebra. The 
ligamentnm nnehae (lig-uh-MEN-tum NU-kè; nneha, 
nape), a stout elastie ligament, begins at the vertebra 
prominens and extends to an insertion along the external 
oeeipital erest of the skull. When your head is upright, 
this ligament aets like the string on a bow to maintain the 
eervieal curvature without muscular effort. 



Vertebra 

prominens 




e 



-r 


i*j' 
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Thoraeìe Vertebrae 




4 


There are 12 thoraeie 
vertebrae. From to 


Ti2y eaeh vertebral body is 
slightly larger and more 
massive than the one 
snperior to it, beeanse the 
weight being transmitted 
along the vertebral eolnmn 
is steadily inereasing. 


r' 




5 


A typieal thoraeie vertebra has a 
distinetive heart-shaped body that is 


much larger and more massive than that of a 
eervieal vertebra, and the vertebral foramen is 
eonsiderably smaller. 


Transverse 

proeess 




6 


Eaeh thoraeie vertebra articulates 
with ribs at eostal faeets on the 


dorsolateral snrfaees of the vertebral 
body. The transverse proeesses of 
vertebrae T^-Tio also eontain transverse 
eostal faeets for rib artienlation. Thus, rib 
pairs 1 through 10 eontaet their vertebrae 
at two points: a eostal faeet and a 
transverse eostal faeet. Ribs 11 and 12 
originate at eostal faeets on vertebrae T^ 
and Ti 2. Beeanse these ribs do not 
eontaet transverse proeesses, they 
eontaet their vertebrae at only one point. 


Superior 
eostal faeet 


Transverse 
eostal faeet 


Inferior eostal faeet 


Transverse proeess 


The long, slender spìnous 
proeess projeets posteriorly 
and inferiorly.The spinous 
proeesses ofT'|o,T'|'|, and 
T'i^ inereasingly resemble 
those of the lumbar region 
as the transition between 
the thoraeie and lumbar 
curves approaehes. 



Thoraeie vertebra 
(lateral view) 






Vertebral 

foramen 




Superior 

articular 

faeet 


• I- - 


i •> 




à fe 


“ feft 


Superior 
eostal faeet 
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m é 
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Thoraeie vertebra 
(superior view) 


Module7.11 Revìevv 


a. Joe suffered a hairline fracture at the base ofthe 
dens. VVhieh bone is fractured and where is the 
fractured bone loeated? 

b. Examining a human vertebra, you notiee that, in 
addition to the large foramen for the spinal eord, 
two smaller foramina are on either side of the 
bone in the region of the transverse proeesses. 
From which region ofthe vertebral column is 
this vertebra? 

e. VVhen you run your finger down the middle of 
a person's spine, what part of eaeh vertebra are 
you feeling just beneath the skin? 


7.11 Deseribe the distinetive structural and functional 
eharaeteristies of the eervieal and thoraeie vertebrae. 
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Module7.12 

À 


There are fìve lumbar vertebrae 

the sacrum and 
coccyx eonsìst of 
fused vertebrae 


/ 






Lunibar Vertebrae 



The five lumbar vertebrae are 
the largest vertebrae, and they 
transmit the most weight. Gompres- 
sion fractures of these vertebrae may 
occur at any age, but they occur most 
often after aging and osteoporosis 
have redneed the strength of bones 
throughout the body. 



■ • I 






Saemm 


Superior articular 

proeess 


Pediele 


Transverse proeess 



Coccyx 


Inferior 
articular faeet 


Inferior articular 
proeess 


Lateral vìew 


Spinous proeess 


Lamina 


Transverse 

proeess 


2 


The body of a typieal lumbar vertebra is 
thieker than that of a thoraeie vertebra, and 
the snperior and inferior snrfaees are oval rather 
than heart shaped. Other noteworthy featnres are 
that (1) lumbar vertebrae do not have eostal faeets; 
(2) the slender transverse proeesses, which laek 
transverse eostal faeets, projeet dorsolaterally; ( 3 ) 
the vertebral foramen is triangnlar; ( 4 ) the stumpy 
spinous proeesses projeet posteriorly; ( 5 ) the 
superior articular proeesses faee medially (“up and 
in”); and (6) the inferior artienlar proeesses faee 
laterally (“down and out”). 




Superior 

articular 

faeet 


Superior 

articular 

proeess 


> 


Vertebral 



foramen 







Pediele 


Superior view 


254 • ehapter 7:The Skeleton 


























Sacrum and Coccyx 

The sacrum is a single bone that eonsists of the fused eomponents of five saeral 
vertebrae. These vertebrae begin fusing shortly after pnberty and, in general, are 
eompletely fused at age 25 - 30 . The sacrum proteets 
the reproductive, digestive, and nrinary organs and, 
by paired artienlations, attaehes the axial skeleton to 
the pelvie girdle of the appendienlar skeleton. 


The base of the sacrum is 
the broad superior surface 


3 


The anterior 
snrfaee of the 


sacrum is eoneave, and 
the posterior snrfaee is 
convex. The degree 
of curvature is more 
prononneed in males 
than in females. 


At the base of the sacrum, a 
broad saeral ala, or wing, 
extends on either side.The 
anterior and superior surfaces 
of eaeh ala provide an extensive 
area for muscle attaehment. 


Four pairs of saeral foramína 

extend between the posterior 
and anterior surfaces.The 
intervertebral foramina of the 
fused saeral vertebrae open into 
these passageways. 


4 


A posterior view of 


the saernm shows the 
broad snrfaee that provides 
an extensive area for the 
attaehment of mnseles. 



The saeral promontory is 

an important surface 
marking in females during 
pelvie examinations and 
during laborand delivery. 


Prominent transverse lines 
mark the former boundar- 
ies of individual vertebrae 
that fused during the 
formation of the sacrum. 


The apex is the narrow, 
inferior portion of the 


sacrum. 


Coccyx 


The saeral eanal is a passageway 
that extends the length of the 
sacrum. Nerves and membranes that 
line the vertebral eanal in the spinal 
eord continue into the saeral eanal. 


The superìor artìcular proeess of the 

sacrum articulates with the last 
lumbar vertebra. 


The medìan saeral erest is a ridge 
formed by the fused spinous 
proeesses of the saeral vertebrae. 


The saeral hìatus (hí-A-tus) is the 
opening at the inferior end of the 
saeral eanal. 



The saeral tuberosìty is a roughened 
area posterior to the auricular surface. It 
marks the attaehment site of ligaments 
that stabilize the saeroiliae joint. 


The aurìcular surface is a thiekened, 
flattened area lateral and anteriorto 
the superior portion of the lateral saeral 
erest.The auricular surface is the site of 
articulation with the pelvie girdle (the 
saeroiliaejoint). 


The lateral saeral erest is a ridge that 
represents the fused transverse 
proeesses of the saeral vertebrae. 


Saeral cornu 


The small coccyx is a single bone that 
eonsists of three to five eoeeygeal 
vertebrae that have generally begun 
fusing by age 26. Eaeh eoeeygeal 
cornu (pl. comua) curves to meet the 
saeral cornu superiorto it. 



Goeeygeal cornu 


Modale 7.12 Revíew 


a. How many vertebrae are present in the 
lumbar region? In the sacrum? 

b. Why are the bodies ofthe lumbar 
vertebrae so large? 

e. What structure forms the posterior wall 
ofthe pelviegirdle? 


7.12 Deseribe the distinetive structural and functional 
eharaeteristies of the lumbar vertebrae, sacrum, and coccyx. 
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The thoraeìe eage proteets organs ín the ehest 
and provìdes sìtes for muscle attaehment 

The skeleton of the ehest, or thoraeie eage, provides bony snpport to the walls of 
the thoraeie eavity. It eonsists of the thoraeie vertebrae, the ribs, and the sternnm 
(breastbone). The ribs and the sternnm form the rib eage, whose movements are 
important in breathing. The thoraeie eage proteets the heart, Inngs, thymns, and 
other strnetnres in the thoraeie eavity, and serves as an attaehment point for 
mnseles involved in (1) breathing, (2) maintaining the position of the vertebral 
eolnmn, and ( 3 ) moving the peetoral girdles and npper limbs. 



An anterior view of the 
thoraeie eage shows the 
sternnm, the eostal eartilages, 
and the major elasses of ribs. 


Rìbs 


The ribs reinforee the posterior 
and lateral walls of the thoraeie 
eavity. Ribs 1-7 gradually 
inerease in length and 
curvature radius. Although the 
ribs are quite mobile and are 
among the most flexible of 
bones, they ean be broken by a 
sharp blow or crushing impaet. 
Fortunately, they are so 
stabilized by eonneetive tissues 
and surrounding musclesthat 
open fractures are rare, and 
splinting is unnecessary. 

Vertebrosternal ribs (ribs 1-7), 
or true ribs, are eonneeted to 
the sternum by individual 

eostal eartilages. 

The vertebroehondral ribs 

(ribs 8-10) are eonneeted to 
the sternum by shared eostal 
eartilages. 

The last two pairs of ribs (11 
and 12) are ealled floating ribs, 
because they have no eonnee- 
tion with the sternum, or 
vertebral ribs, because they 
are attaehed only to the 
vertebrae and muscles of the 
body wall. Golleetively, ribs 
8-12 are also ealled false ribs. 


The jugular noteh, loeated between 
the clavicular articulations, is a 
shallow indentation on the superior 
surface of the manubrium. 




Sternum 


The adult sternum, or 
breastbone, is a flat bone that 
forms in the anterior midline of 
the thoraeie wall. It has three 
distinet regions that usually 
fuse together during 
adulthood. 


l\/lanubrium:The broad, 
trapezoid-shaped manubrium 
(ma-NU-brè-um) articulates 
with the elavieles (eollarbones) 
and the eartilages of the first 
pair of ribs. 

Body: The body attaehes to the 
inferior surface of the manu- 
brium and extends inferiorly 
along the midline. Individual 
eostal eartilages from rib pairs 
2-7 are attaehed to this portion 
of the sternum. 

Xiphoid process:Thexiphoid 

(Zì-foyd) proeess, the smallest 
part of the sternum, is attaehed 
to the inferior surface of the 
body of the sternum. 


Gostal eartilages eonneet 
ribs to the sternum, either 
individually or in groups. 
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Ribs are long, enrved, flattened 


bones that originate on or between 
the thoraeie vertebrae and end in the wall 
of the thoraeie eavity. Eaeh of us, regard- 
less of sex, has 12 pairs of ribs. Major 
surface markings on a representative rib 
(ribs 2 - 9 ) are shown in this posterior view. 


Articular faeets 
on head 


The tubercle eontains an 
articular faeet that eontaets 
the transverse proeess of a 
thoraeie vertebra. 


The superficial surface is convex and 


provides an attaehment site for 

-- 

1 

muscles of the peetoral girdle and 

r 

^JB 

trunk.The intereostal muscles, which 


move the ribs, are attaehed to the 


superior and inferior surfaces. 



Shaft 


Posterior view 


The vertebral end of the rib articulates 
with the vertebral column at the 
head, or capìtuluim (ka-PIT-u-lum), 
where there are two artìcular faeets. 




The bend, or 
angle, of the rib 
is the site where 
the tubular 
body, or shaft, 
begins curving 
toward the 
sternum. 


The eostal groove along the inferior 
border marks the path of nerves and 
blood vessels. 


This snperior view of a repre- 
sentative rib shows sites of 
artienlations with a thoraeie vertebra. 
The heads of ribs 2-9 artienlate with 
eostal faeets on two adjaeent verte- 
brae, and their tubercular faeets 
articulate with the transverse eostal 
faeets of the inferior vertebra. The 
heads of ribs 1,10,11, and 12 articu- 
late with individual vertebrae at single 
eostal faeets. The tubercular faeets of 
ribs 1 and 10 artienlate with the eostal 
faeets of vertebrae T^ and T^o, 
respeetively. Ribs 11 and 12 artienlate 
only at their heads, and there are no 
tubercular faeets. 



4 


A typieal rib aets like a bucket handle at 


a position just below horizontal. Pnshing 
the handle down forees it inward; pnlling it up 
swings it outward. Because of the curvature of 
the ribs, the same movements ehange the 
position of the sternnm. Depression of the ribs 
pulls the sternum inward, whereas elevation 
moves it outward. As a result, movements of the 
ribs affeet both the width and the depth of the 
thoraeie eage, inereasing or deereasing its 
volume aeeordingly. 



Transverse 

proeess 


Transverse 
eostal faeet 


The inferior articular faeet of the rib 
articulates with the superior eostal faeet of 
the vertebra. 


The tubercular faeet of the 
rib articulates with the 
transverse eostal faeet of 
the inferior vertebra. 


The superior articularfacet of the rib 
articulates with the superior vertebra. 



Moelyle 7.13 Revìevv 


a. How are vertebrosternal ribs 
distinguished from vertebroehondral 
ribs? 

b. Improper ehest eompressions during 
cardiopulmonary resuscitation (CPR) 
ean result in fractures of which bones? 

e. In addition to the ribs and sternum, 
what other bones make up the thoraeie 
eage? 


7.13 Explain the signifieanee ofthe articulations between the thoraeie 
vertebrae and the ribs, and between the ribs and the sternum. 
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SEGTION 1 Revíew 


Labelìng 


In the image below, label the bones of the orbital complex. 



In the images below, label the sutures and fontanelles of the infant skull. 



Short answer 


Identify the vertebral region and regional eharaeteristies for eaeh vertebra. 
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Module7.14 


SECTION 2 • Appendìcular Skeleton 



The appendìcular skeleton ìncludes the lìmb 
bones and the peetoral and pelvìe gírdles 

The appendicular skeleton includes the bones of the limbs and the supporting 
bone girdles that eonneet them to the trunk. The deseriptions in this seetion 
emphasize snrfaee markings that either have fnnetional importanee (such as the 
attaehment sites for skeletal mnseles and the paths of major nerves and blood 
vessels) or provide landmarks that define areas and loeate structures of the body. 



SKELETON 



eiaviele 



Hunnerus 





Garpal bones 

16 

1 

Metaearpal bones 

10 

1 

Phalanges 
(proximal, 
middle, distal) 

1 

28 



Tarsal bones 



Metatarsal bones 10 


Phalanges 






4 



¥ II 

Hip bone 

2 


Pelvie 

(coxal bone) 


girdle 


2 



APPENDICULAR 

SKELETON 



l\/lodule 7.14 Revìew 


a. How many bones are 
in theappendicular 
skeleton? 

b. What isthefunction of 
the peetoral and pelvie 
girdles? 

e. Howdo the hands and 
feet eompare in terms 
of bone number? 


7.14 List the four major eomponents ofthe appendicular skeleton. 
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The peetoral gìrdles—the elavieles and scapulae— 
eonneet the upper límbs to the axìal skeleton 

Eaeh arm articulates (forms a joint) with the trunk at the peetoral 
girdle, or shonlder girdle. The peetoral girdles eonsist of two S-shaped 
elavieles (KLAV-i-kulz; eollarbones) and two broad, flat scapulae 
(SKAP-u-lè; singular, scapulaj SKAP-u-luh; shoulder blades). 



The elavieles originate at the 
snperior, lateral border of the 
manubrium of the sternum, lateral to 
the jugular noteh. It artienlates with 
the sternum at the elavienlar noteh 
forming the sternoclavicular joint. 
These sternoelavienlar joints are the 
only articulations between the 
peetoral girdles and the axial skeleton. 


Aeromioelavieylar joint 


Aeromion 


eiaviele 


(of scapula) 


Scapula 


Humerus 



Sternoclavicular joint 


Jugular noteh 


Clavicular noteh 


Anterior view 


From the sternoelavienlar joint at the pyramid-shaped sternal end, 
eaeh elaviele curves laterally and posteriorly for ronghly half its length. 
It then forms a smooth posterior curve to articulate with a proeess of the 
seapnla, the aeromion (a-KRO-mè-on), at the aeromioelavienlar joint. 
Stabilizing ligaments attaeh to the eonoid tubercle and eostal tuberosity. 



LATERAL 



— . 

V> 


Superior view 



I- 


MEDIAL 


The flat aeromìal end of the 
elaviele is broaderthan the 
sternal end. It has a rough 
inferior surface that bears 
prominent lines and tubercles. 


Gonoid 

tubercle 


Gostal Sternal 

tuberosity end 


LATERAL 




- t 




Inferior view 
of right elaviele 



MEDIAL 
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The anterior snrfaee of the body of eaeh seapnla forms 
a broad, smooth triangle. The three sides of the triangle 


are the superior border; the medíal border, or vertebral 
border; and the lateral border, or axillary {axilla, armpit) 
border. Mnseles that position the 
seapnla attaeh along these edges. 

The eorners of the triangle are 
ealled the superior angle, the 
inferior angle, and the lateral 
angle. The depression in the 
anterior snrfaee is ealled the 
subscapular fossa. 


Aeromion Coracoid 


proeess 


Superior 

border 




Superior 

angle 


Subscapular fossa 


The lateral angle 
forms a broad 
proeess that 
supports the 
cup-shaped 
glenoìd eavìty. 




m 


- i 


j I 


Lateral 

border 


Anterior view 
of right scapula 



Medial 

border 


:-■ 

L s ~ 


Ì 



Inferior 

angle 


4 


The posterior snrfaee of the seapnla is convex 
and has prominent ridges and proeesses for 


mnsele attaehment. 



Posterior view 
of right scapula 


The scapular spìne is 

continuous with the 
aeromion. It is a ridge 
that erosses the 
posterior surface of the 
scapular body before 
ending at the medial 
border. 


A 

.1 


Aeromion 


The eoneave area 
superiorto the 
scapular spine isthe 

supraspìnous {supra, 
above) fossa. 



The region inferior 


to thespine isthe 


ìnfraspínous {infra, 


beneath) fossa. 


5 


A lateral view of the 
seapnla shows the snrfaee 


of the glenoid eavity and the 
proeesses that provide attaeh- 
ment sites for mnseles and the 
eapsnle of the shonlder joint. 


^ . 

'í 

L 

n 

1 


The aeromion is 
continuous with 
the scapular spine. 
It is a large proeess 
that extends 
laterally, posterior 
and superiorto the 
glenoid eavity. 





'f 



j • 




/j 


w r 


4 » 



Lateral 
view 
of right 
scapula 



Modale 7.15 Revìew 


a. Name the bones ofthe peetoral girdles. 

b. How would a broken elaviele affeet the 
mobility and stability of the scapula? 

e. VVhieh bone articulates with the 
scapula at the glenoid eavity? 


7.15 Identify the bones that form the peetoral girdles, 
their functions, and their superficial features. 
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The humerus of the arm articulates 
wìth the radius and ulna of the forearm 


The skeleton of the upper limbs eonsists of the bones of the arms, forearms, 
wrists, and hands. Note that in anatomieal deseriptions, the term' arm” refers 
only to the proximal portion of the upper limb (from shoulder to elbow), not to 
the entire limb. We will examine the bones of the right upper limb. 



The arm, or brachium, eontains one bone, the humerus, 
which extends from the seapnla to the elbow. Near the 
distal artienlation with the bones of the forearm, the shaft 
expands to either side at the medial 
and lateral epieondyles. Epieon- 



dyles are proeesses that develop 


proximal to an artienlation. 
They provide additional 
snrfaee area for muscle 


Anterior 

view 


attaehment. 


Greater 

tubercle 


The ìntertubercular sulcus 

(also ealled the intertuber- 
cular groove or bieipital 
groove) lies between the 
greaterand lessertubercles. 
Both tubercles are impor- 
tantsitesfor muscle 
attaehment. A large tendon 
runs along the groove. 



The round head at the 
proximal end of the humerus 
articulates with the glenoid 
eavity of the scapula. 


Shaft 


The radìal fossa aeeommo- 
dates a portion of the radial 
head when the forearm 
approaehes the humerus as 
the elbow bends. 


The lesser tubercle is a 

smaller projeetion that lies on 
the anterior, medial surface 
of the epiphysis. 


The anatomìeal neek marks 
the extent of the joint 
capsule. 



The surgícal neek 

eorresponds to the 
metaphysis of the growing 
bone.The name refleets the 
faet that fractures typieally 
occur at this site. 


I h 


Lateral epieondyle 



The deltoìd tuberosìty is a 

large, rough elevation on the 
lateral surface of the shaft, 
approximately halfway along 
its length. It is named after 
the deltoid muscle, which 
attaehes to it. 


Goronoid fossa 
Medial epieondyle 


Troehlea 



Posterior 

view 



« • « 


!‘i 

• «I 


1 * • 
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The prominent greater 
tubercle is a rounded 
projeetion on the lateral 
surface of the epiphysis, 
nearthe margin of the 
humeral head.The greater 
tubercle establishes the 
lateral contour ofthe 
shoulder. 


ì 

,1 

g ^- 

The radìal groove erosses 

r 

the inferior end of the 


deltoid tuberosity.This 

1 

depression marks the path 


of the radial nerve, a large 

1 . 
t 

\ 

■ 

nerve that provides both 

f ’ 

1 1 

sensory information from 

t 

1 

the posterior surface of 

1 

1 

the limb and motor 

• 

eontrol over the large 


muscles that straighten 


the elbow. 



Oleeranon fossa 


The rounded capìtulum forms the lateral 
surface of the eondyle. At the eondyle, the 
humerus articulates with the radius and the ulna 
of the forearm, forming the radiohumeral joint. 
The eondyle is divided into two articular regions. 


The troehlea (troehlea, a pulley) is the spool-shaped medial 
portion of the eondyle. The troehlea extends from the oleeranon 
(ó-LEK-ruh-non) fossa on the posterior surface to the eoronoíd 
{eorona, crown) fossa on the anterior surface. These depressions 
aeeept projeetions from the ulna as the elbow or humeroulnar joint 
approaehes the limits of its range of motion. 
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The ulna and radíns are parallel bones that 
snpport the forearm, or antebrachium. In 


the anatomieal position, the ulna lies medial to 
the radius. 


Posterior 

view 


The oleeranon, the 

superior end ofthe 
ulna, is the point of the 
elbow. 


Proximal radioulnar joint 


Ulna 


The ulnar head, or 

head of the ulna, is 
slender and rounded. 



The dise-shaped radìal head 
articulates with the capitulum of 
the humerus. During flexion, the 
radial head swings into the 
radial fossa of the humerus. 




4 * 


The neek of the radius extends 
from the radial head to the 


radial tuberosity. 


The radìal tuberosìty marks 
the attaehment site of the 
bieeps braehii muscle, a large 
muscle on the anterior surface 
of the arm. 


Radíus 


Radíus 


The ínterosseous membrane 

of the forearm is a fibrous sheet 
that eonneets the shafts of the 
ulna and radius. 


r 


The ulnar noteh of the radius 
marks the site of articulation 
with the head of the ulna. 


The styloìd proeess of the 

radius helps stabilize the wrist 
joint.The distal end of the 
radius articulates with the 
bones of the wrist. 


A short styloìd proeess of the ulna is 
attaehed to the posterior, lateral surface of 
the head. A triangular articular dise attaehes 
to the styloid proeess; this eartilage separates 
the ulnar head from the bones of the wrist. 


’Ì 


Anterior 

view 
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The troehlear noteh 

of the ulna articulates 
with the troehlea of the 
humerus at the elbow 
joint. 


The eoronoìd proeess 

forms the inferior lip of 
the troehlear noteh. 
During flexion, the 
eoronoid proeess fits into 
the eoronoid fossa of the 
humerus. 


The smooth radìal noteh 
aeeommodates the head 
of the radius at the 

proxìmal radìoulnar 
joínt. 


Ulna 


The lateral surface of the 
ulnar head articulates 
with the distal end of the 
radius to form the dìstal 
radíoulnar Joìnt. 


Ulnar head 


Module 7.16 Revíevv 


a. Identify the bones ofthe arm and forearm. 

b. Identify the two rounded projeetions 
on either side of the elbow, and state to 
which bone they belong. 

e. VVhieh bone of the forearm is positioned 
laterally while in anatomieal position? 


7.16 Identify the bones of the arm and forearm, their functions, and their superficial features. 
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Module7.17 


The vvrist eonsìsts of earpal bones, and the hand 
eonsísts of metaearpal bones and phalanges 



The carpus, or wrist, eontains eight 
earpal bones arranged in two rows: a 
row of four proximal earpal bones and a 
row of four distal earpal bones. 


Proxìmal Garpal Bones 




The seaphoíd {skaphe, boat) 

The eomma-shaped 

The trìquetrum {triquetrus, three- 

The small, pea- 

is the proximal earpal bone 

lunate {luna, moon) 

eornered) is a small pyramid-shaped 

shaped písíform 

on the lateral border of the 

lies medial to the 

bone medial to the lunate.The 

(PlS-i-form; pisum. 

wrist. It is the earpal bone 

seaphoid and, like the 

triquetrum articulates with the 

pea) sits anterior 

elosest to the styloid proeess 
of the radius. 

seaphoid, articulates 
with the radius. 

articular dise that separates the ulnar 
head from the wrist. 

to the triquetrum. 


Rìght wrìst and hand, 
anterior (palmar) view 



) I 




Proximal 

phalanx 


I’ 




• ■ i 


L 

|f 


f' 



Metaearpal 

bones 


1 

) 

j 

1 

1 

1 


1 

■ 1 

\? \ 
n. 

f ■. 

1 

i 

1 

‘i 

1, 

■'i 

1 

1 






Dìstal Garpal Bones 


Middle 

phalanx 

Distal 

phalanx 





f 








The trapezìum 

{trapezion, table) is the 
lateral bone of the 
distal row. Its proximal 
surface articulates 
with the seaphoid. 


The wedge-shaped 
trapezoìd lies 
medial to the 
trapezium. Like the 
trapezium, it has a 
proximal articulation 
with the seaphoid. 


The eapìtate 

{caput, head) is 


bone. It sits 
between the 
trapezoid and 
the hamate. 


The hamate 

{hamatam, hooked) 


the largest earpal is the medial distal 


earpal bone and 
has a prominent 
hook projeeting 
anteriorly. 


It may help you to identify the eight earpal bones if you remember the sentenee "Sam 
Likes To Push The Toy Car Hard." In lateral-to-medial order, the first four words 
stand for the proximal earpal bones (seaphoid, lunate, triquetrum, pisiform), and the 
last four stand for the distal earpal bones (trapezinm, trapezoid, eapitate, hamate). 
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Proxìimal Garpal Bones 


Seaphoid 


Lunate 


Triquetrum 


Pisiform 


Trapezium 


2 


Five metaearpal (met-uh-KAR- 
pul; metaearpns, hand) bones 
articulate with the distal earpal bones 
and snpport the hand. The metaear- 
pal bones are identified by Roman 
nnmerals I-V, beginning with the 
lateral metaearpal bone, which 
artienlates with the trapezinm. 


Trapezoid 


Gapitate 


Hamate 


Proximal phalanx 


Middle phalanx 


Distal phalanx 


3 


Distally, the metaearpal bones 



Dístal Garpal Bones 


Metaearpal bones 


Ríght wríst and hand, 
posterior (dorsal) view 


artienlate with the proximal finger 
bones. Eaeh hand has 14 finger bones, or 
phalanges (fa-LAN-jèz; singnlar, phalanx), 

(Phalanx is Latin for battalion. Anatomists 
thonght the fingers looked like battalions of 
soldiers lined up for eombat.) Metaearpal I articulates 
with the proximal bone of the thumb, or pollex (POL-eks). 
The pollex has two phalanges (proximal and distal). Eaeh 
of the other fingers has three phalanges (proximal, middle, 
and distal). 


Modnle 7.17 Revíew 


a. Define phalanges. 

b. Nametheearpal bones. 

e. Bill aeeidentally fractures his first distal 
phalanxwith a hammer.VVhieh finger is 
broken? 


7.17 Identify the bones of the wrist and hand, and 
deseribe their loeations using anatomieal terminology. 
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IVIodule7.18 


r 


The hìp bone forms by the fusíon 
of the ìlium, ìschíum, and pubís 



The pelvie girdle eonsists of the paired hip bones, which 
are also ealled the coxal bones or innominate (no name) 
bones. Eaeh hip bone forms by the fnsion of three bones: an ilium 
(IL-è-um; plural, ilia), an ischium (IS-kè-um; plural, isehia), and a 
pubis (PU-bis). 


2 


In lateral view, the ilium dominates the hip bone. Snrfaee 
markings along the margin of the ilium include the iliae 


spines, which mark the attaehment sites of important mnseles and 
ligaments; the glnteal lines, which mark the attaehment of large 
hip mnseles; and the greater seiatie (si-AT-ik) noteh, throngh 
which the large seiatie nerve reaehes the lower limb. 


POSTERIOR 


lschíum 



ANTERIOR 


Pubis 




Lateral view of 
right hip bone 


Gluteal Lìnes 


* ' 








' . ‘ 
* • 


I 


Anterior 


Inferior 


Posterior 


Posterior superior 

iliae spine 


Posterior inferior 

iliae spine 


Greater seiatie noteh 


The prominent ìsehíal spine projeets 
superior to the lesser seiatie noteh, 
which marks where blood vessels, 
nerves, and a small muscle pass 
aeross the surface. 


Lesser seiatie noteh 

isehial ramus 


The ísehìal tuberosìty, a roughened 
projeetion, bears the body's weight 
when you are seated. 


The ílìae erest is an important 
ridge for muscle attaehment. 



Anterior superior iliae spine 


Anterior inferior iliae spine 


The lunate surface is the 

smooth, cup-shaped articular 
surface. 


The acetabulum 

(as-e-TAB-u-lum; acetabulum, 
vinegar cup), a eoneave 
soeket, articulates with the 
head of thefemur.The ilium, 
ischium, and pubis meet 
inside the acetabulum, in an 
arrangement resembling a 
pie slieed into three pieees. 


The acetabular noteh is a 

gap in the bony rim of the 
acetabulum. 
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A medial view shows the roughened 


articular surfaces that stabilize the 
pelvis and many additional featnres of the 
ischium and pubis. 


Ischíum 


Medial view of 
right hip bone 


. o 




r' 




f 




lliae erest 


./ 


' r 


The ìlìae fossa is a shallow 
depression that helps support 
the abdominal organs and 
provides additional area for 
muscle attaehment. 




1 


•V'' 


Anterior inferior iliae spine 


É 


f 

- 


The arcuate line of the ilium 
is continuous with the 
peetineal line of the pubis. 







The peetìneal line is a ridge 
that ends at the pubic 
tubercle, a small, elevated 
area anterior and lateral to the 
pubic symphysis. 




The iliae tuberosity is a 

roughened area superiorto 
theauricularsurface. 
Ligaments originating here 
stabilize the saeroiliae joint. 


The auricular surface of the 

ilium articulates with the 
auricular surface of the 
sacrum at the saeroiliae joint. 


Greater seiatie noteh 


\ 


♦ . 


Superior pubic ramus 

Pubis 





' 'i ■ 


The obturator (OB-tu-rà-tor) foramen is a 
spaee that is elosed by a sheet of eollagen 
fibers whose inner and outer surfaces provide 
a firm base for the attaehment of muscles of 
the hip. This foramen is bounded by the isehial 
ramus, the inferior pubic ramus, and the 
superior pubic ramus. 


isehial ramus 


Inferior pubic ramus 


Module 7.18 Revìew 


At the pubic symphysis, the right 
and left pubic bones are attaehed to 
a median pad of fibroeartilage. 


a. VVhieh three bones fuse to make up a hip 
bone? 

b. VVhen you are seated, which part of the hip 
bone bears your body's weight? 

e. Describetheacetabulum. 


(S) 7.18 Deseribe the hip bones that form the pelvie 
girdle, their functions, and their superficial features. 
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IVIodule7.19 


r 


The pelvis eonsists of 
the two hip bones, the 
sacrum, and the coccyx 


Saemm 



The pelvis eontains bones of the axial 
skeleton (the saernm and coccyx) and 
the appendienlar skeleton (the hip bones). An 
extensive network of ligaments eonneets the 
lateral borders of the saernm with the iliae 
erest, the isehial tnberosity, the isehial spine, 
and the arenate line. Other ligaments tie the 
ilia to the posterior Inmbar vertebrae. These 
intereonneetions inerease the stability of the 
pelvis. 


Coccyx 



Hìp Bone 


llium 


Pubis 


lschium 




t 
t 

t .. tm 




v í 


4 

4 



\ 



\ . 

\ 


Eaeh saeroìlìae joínt, 

an articulation between 
the sacrum and the 
adjaeent ilium, is 
supported by an 
extensive network of 
ligaments. These joints 
form the union 
between the axial 
skeleton and the 
appendicular skeleton. 



lliae erest 


llium 


Acetabulum 


Pubic tubercle 


Obturator foramen 


lschium 


Anterior view 


The pubìc symphysìs is a 

fibroeartilage pad that forms 
the articulation between the 
two pubic bones. 
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The pelvis may be divided into the true (lesser) pelvis (shown in pnrple) and the 
false (greater) pelvis, The true pelvis eneloses the pelvie eavity, a subdivision of 


the abdominopelvie eavity. The snperior limit of the true pelvis is a line that extends 
from either side of the base of the saernm, along the arenate line and peetineal line to 
the pubic symphysis. 

Superior view 


Inferior view 




isehial 

spine 


Pelvie 

outlet 


The pelvìe outlet is the 

opening bounded by the 
coccyx, the isehial tuberosi- 
ties and isehial spines, and 
the inferior border of the 
pubic symphysis. 


Thefalse pelvis 
eonsists of the 
expanded, bladelike 
portions of eaeh 
ilium superior to the 
pelvie brim. 


The pelvìe brim is the bony 
margin of the true pelvis. 


The pelvìe inlet is the 

opening enelosed by 
the pelvie brim. 


The shape of the pelvis of a female is somewhat different from that of a male. Some of 
the differenees are the result of variations in body size and muscle mass. For example. 


in females, the pelvis is generally smoother and lighter and has less prominent markings. 
Other female skeletal variations appear to be adaptations for ehildbearing, inelnding: 


Broad, shallow pelvis 


Less curvature on the sacrum and coccyx 



isehial 

spine 


100 


or more 


llia that 
projeet farther 
laterally 


VVider, more 
circular pelvie 
inlet 


Enlarged pelvie outlet 


Broader pubic angle 



orless 


These adaptations help snpport the weight of the developing 
fetus within the uterus, and the passage of the newborn 
throngh the pelvie outlet during delivery. In addition, the 
hormone relaxin, prodneed during pregnaney, loosens the 
pubic symphysis and saeroiliae ligaments. This loosening 
allows movement between the hip bones that ean fnrther 
inerease the size of the pelvie inlet and outlet. 


Modale 7.19 Revìevv 


a. Namethe bonesofthe pelvis. 

b. The pubic bones arejoined anteriorly 
by what structure? 

e. How is the pelvis offemales adapted 
forehildbearing? 



7.19 Identify the bones of the pelvis, and discuss the structural and functional 
differenees between the pelvis in males and the pelvis in females. 
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IVIodule7.20 

j 


The femur, tibìa, and patella meet at the knee 

The skeleton of eaeh lower limb eonsists of a femur (thigh), a patella (kneeeap), 
a tibia and a fibula (leg), and the tarsal bones, metatarsal bones, and phalanges 
of the foot. Onee again, anatomieal terminology differs from eommon nsage. In 
anatomieal terms, 'deg” refers only to the distal portion of the limb, not to the 
entire lower limb. Thus, we will use thigh and leg rather than upper leg and lower 
leg. The fnnetional anatomy of the lower limbs differs from that of the upper 
limbs, primarily because the lower limbs transfer the body weight to the ground. 


The neek of the fennur 
joinstheshaftatan 
angle of about 125°. 


The greater 
troehanter ís a 

large, rough 
projeetion that 
extends laterally 
from the 
junction of the 
head and shaft. 
The troehanters 
develop where 
large tendons 
attaeh to the 
femur. 


Shaft 


Patellar surface 


Lateral epieondyle 


Lateral eondyle 


Anterior 

view 




The femur is the longest and heaviest 
bone in the body. It artienlates with the 
hip bone at the hip joint and with the tibia of 
the leg at the knee joint. Major snrfaee 
markings are shown here on the anterior and 
posterior snrfaees of the right femur. 


At the fovea eapìtìs, a 

small pit in the eenter of 
the femoral head, a 
ligament attaehes the 
acetabulum to the femur. 


The rounded femoral 
head articulates with the 
pelvis at the acetabulum. 


The raised ìntertroehan- 
terie (in-ter-tró-kan- 
TER-ik) lìne marks the 
edge of the articular 
capsule on the anterior 
surface of the femur. 


The lesser troehanter 

projeets posteriorly and 
medially from thejunction 
of the head and shaft. 


The adductor tubercle, at 

the end of the medial 
supracondylar ridge, 
marks the attaehment site 
of the adductor magnus 
muscle. 


Medial epieondyle 


Medial eondyle 


troehanter 




intertroehanterie 

erest 


The gluteal 
tuberosìty 

marks the 
attaehment site 
of the gluteus 
maximus muscle. 


The lìnea aspera 

is a rough ridge 
that marks the 
attaehment site 
of powerful hip 
muscles. 


Lateral supracondylar 





The poplìteal 


surface (pop/es. 


hollow of the 


knee) is a 


flattened 


triangular area. 


Posterior 

view 


Lateral epieondyle 

Lateral eondyle 
intereondylar fossa 


2 


At the distal end of the femur, the medìal and lateral eondyles are 
part of the knee joint. On the anterior and inferior surfaces, the two 
eondyles are separated by the patellar snrfaee, a smooth artienlar snrfaee 
over which the patella glides. On the posterior snrfaee, the medial and 
lateral eondyles are separated by a deep intereondylar fossa that does not 
extend onto the anterior snrfaee. 
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The patella is a large 
sesamoid bone that 


forms within the tendon of 
the quadriceps femoris, a 
group of muscles that extend 
(straighten) the knee. The 
right patella is shown here. 


Base 

of patella 

Attaehment 
area for 
quadriceps 
tendon 


Attaehment area for 
the patellar ligament, 
which attaehes the 
patella to thetibia 



of patella 

Anteriorview Posterior view 


Lateral faeet, for 

lateral eondyle 
of femur 

Medìal faeet, for medial 
eondyle of femur 

Articular surface 
of patella 


Lateral tibial eondyle 


The head of the fibula articulates 
with the tibia. The articular faeet is 
loeated on the anterior, inferior 
surface of the lateral tibial 
eondyle. 



Anterior 


view 


Fibula 


The lateral malleolus of the 

fibula provides lateral stability to 
the ankle joint. 


Superior 
tibiofibular joint 


Inferior 

articular surface 



Articular surface of 
medial tibial eondyle 


Medial tibial eondyle 


The tìbìal tuberosìty marks 
the attaehment of the patellar 
ligament. 


The ínterosseous membrane 

helps stabilize the positions of 
the tibia and fibula and 
provides additional surface 
area for muscle attaehment. 


The anteríor margìn is a 

ridge that begins at the tibial 
tuberosity and extends 
distally along the anterior 
tibial surface. 


Tibia 


The medìal malleolus (ma- 
LÈ-o-lus; malleolus, hammer) 
is a large tibial proeess 
familiar to you as the medial 
projeetion at the ankle.The 
medial malleolus provides 
medial support for the ankle 
joint. 


4 


The tibia (TIB-è-uh), or shinbone, is the large medial bone of the leg. 

At the proximal end of the tibia, the medial and lateral tibial eondyles 
articulate with the medial and lateral eondyles of the femur. The slender fibnla 
(FIB-u-luh) parallels the lateral border of the tibia but does not partieipate in the 
knee joint and bears no weight. However, the fibula is important as a site for the 
attaehment of mnseles that move the foot and toes. In addition, the distal tip of 
the fibula extends lateral to the ankle, providing important stability to that joint. 



The íntereondylar 
emínenee is a ridge that 
separates the eondyles. 


Articular surface of 
lateral tibial eondyle 

Lateral tibial eondyle 
Head of fibula 


Posterior 


view 


Fibula 


Inferior tibiofibular 



Lateral malleolus 
(fibula) 


I\/Iodule7.20 Revìevv 


a. Identify the bones ofthe lower limb. 

b. VVhieh structure articulates with the 
acetabulum? 

e. The fibula neither partieipates in the knee 
joint nor bears weight. Yet, when it is 
fractured, walking beeomes difficult. VVhy? 


7.20 Identify the bones of the thigh and leg, their functions, and their superficial features. 
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IVIodule7.21 


The ankle and foot eonsist of tarsal 
bones, metatarsal bones, and phalanges 


The Ankle (Tarsus) 

The ankle eonsists of seven tarsal bones. 


The calcaneus (kal-KÀ-nè-us), or heel bone, is the 
largest ofthetarsal bones.VVhen you stand normally, 
most of your vveight is transmitted from the tibia, to 
the talus, to the calcaneus, and then to the ground. 


The large talus transmits the vveight of the body 
from the tibia tovvard the toes. 


The navìcular is anterior to the talus, on the medial 
side of the ankle. It articulates vvith the talus and 
vvith the three cuneiform (ku-NÉ-i-form) bones. 


The cuboíd articulates vvith the anterior surface of 
the calcaneus. 


The three cuneíform bones are arranged in a rovv, 
vvith articulations betvveen them.They are named 
aeeording to their relative positions: medial, 
intermediate, and lateral. 


The distal surfaces of the cuboid and the cuneiform 
bones articulate vvith the metatarsal bones of the 
foot. The five long metatarsal bones form the distal 
portion ofthefoot. 



The metatarsal bones are identified by Roman 
numerals l-V, proeeeding from medial to lateral 
aeross the sole. Proximally, metatarsal bones I- 
articulate vvith the three cuneiform bones, and 
metatarsal bones IV and V articulate vvith the cuboid. 
Distally, eaeh metatarsal bone articulates vvith a 
different proximal phalanx. 


Phalanges 


The phalanges, or toe bones, have the same 
anatomieal organization as the fingers.The toes 
eontain 14 phalanges. The hallux, or great toe, has 
two phalanges (proximal and distal), and the other 
four toes eaeh have three phalanges (proximal, 
middle, and distal). 


1 




The bones of the ankle 
aeeept the body weight from 
the leg and transfer it to the 
gronnd by distribnting it throngh 
the bones of the foot. The eombi- 
nation of ankle and foot must be 
strong enough yet flexible enough 
to deal with the ehanges in loading 
that occur during walking, 
rnnning, and jnmping. 


r 


Hallux 


Superior view 


The articulation between 
the talus and the tibia 
occurs aeross the superior 
and medial surfaces of the 
troehlea, a spool- or pulley- 
shaped articular proeess. 


Proximal phalanx 


Distal phalanx 
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The lateral surface of 
the troehlea articulates 
with the lateral 


nnalleolus of the fibula. 


Cuboicl Navicular Cuneiform 


bone 


bone 


bones 


Metatarsal 
bones (l-V) 


Phalanges 



The posterior portion of the 
calcaneus is a rough, knob- 
shaped projeetion.This is the 
attaehment site for the ealeaneal 
tendon (Aehilles tendon), which 
arises at the ealf muscles. 


Lateral 

view 



Lateral view 


Phalanges 


Metatarsal 


Medial 

cuneiform 


Navicular 


Talus 


2 


Weight transfer oeenrs along the 

longítudínal areh of the foot. 


The amonnt of weight transferred 
forward depends on the position of 
the foot and the plaeement of one s 
body weight. When you “dig in your 
heels” all your body weight rests on 
the ealeanens, but when you are on 
tiptoes all of your weight is transferred 
to the metatarsal bones and phalanges. 
When you stand normally, your body 
weight is distributed evenly between 
the ealeanens and the distal ends of 
the metatarsal bones. In the eondition 
known as flatfeet, normal arehes are 
lost (“fall”) or never form. 



The longitudinal areh is present because ligaments and 
tendons eonneet the calcaneus to the distal portions of 
the metatarsal bones. However, the lateral (ealeaneal) 
portion of the longitudinal areh has much less curvature 
than the medial (talar) portion, in part because the talar 
portion has eonsiderably more elastieity. As a result, the 
medial plantar surface of the foot remains elevated, so 
that the muscles, nerves, and blood vessels that supply 
the inferior surface are not squeezed between the 
metatarsal bones and the ground. 


The transverse areh exists 
because the degree of 
longitudinal curvature 
ehanges from the medial 
borderto the lateral 
border of thefoot. 


3 


In a daneer’s fraetnre, the 
diaphysis of the fifth metatarsal 


is broken. Most such eases occur 
while the body weight is being 
snpported by the longitndinal areh of 
the foot (as in ballet daneing). A 
sudden shift in weight from the medial 
portion of the areh to the lateral, less 
elastie border breaks the fifth metatar- 
sal elose to the small toe. 



l\/lodule7.21 Revìevv 


a. Identify the tarsal bones. 

b. VVhieh foot bone transmits the weight 
of the body from the tibia toward the 
toes? 

e. Ten-year-old Joeyjumps offthe baek 
poreh, lands on his right heel, and 
breaks hisfoot.VVhieh foot bone is 
most likely broken? 


7.21 Identify the bones of the ankle and foot, and 
deseribe their loeations using anatomieal terminology. 
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SEGTION 2 Revíew 




Labelíng 

Label the bones of the appendicular skeleton in the diagram at right. 



Short answer 


In the pelvis diagrams below, identify the sex and the differenees between them. 
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GHAPTER 7 REVIEVV • TheSkeleton 


Study Outlìne 


^ SEGTION 1 * Axial Skeleton 



The axìal skeleton ìncludes bones of the head, vertebral 
eolnmn, and trunk p. 233 

1. The axìal skeleton forms the longitudinal axis of the body 
and includes the skull and assoeiated bones, the thoraeie 
eage, the vertebral column, and various supplemental 
eartilages. 

2. The axial skeleton supports and proteets the brain, the 
spinal eord, and the organs in the body eavities of the 
trunk. It also provides an extensive surface area for the 
attaehment of muscles. 



The skull has eranìal and faeìal eomponents that are 
usually bound together by sutures p. 234 


the zygomatie bone, mandible, maxilla, nasal bone, and 
laerimal bone. Important features are the zygomatìe areh, 
the mandíbular angle, the mental protuberance, and 
alveolar proeesses. 

12. A sagittal seetion of a skull demonstrates the frontal 

sìnuses, petrous part of the temporal bone, the ínternal 
acoustìc meatus, and the hypoglossal eanal. 



The foramìna on the ìnferìor surface of the skull mark the 
passageways for nerves and blood vessels p. 240 

13. Visible in an inferior view of a skull are passageways for 
blood vessels, nerves, and the spinal eord. Important 
foramina include the foramen lacerum, foramen ovale, 
earotìd eanal, jugular foramen, stylomastoìd foramen, 
and the foramen magnum. Other landmarks include the 
mandíbular fossa, oeeìpìtal eondyles, and the ínferíor 
and superíor nuchal lìnes. 


3. The skull eontains 22 bones: eight form the cranium and 14 
form the faee. Seven other bones are assoeiated with the 
skull: six auditory ossieles and the hyoid bone. 

4. Faeial bones proteet and support the entranees to the 
digestive and respiratory traets. They also provide areas for 
the attaehment of faeial muscles. 

5. eranìal bones form the cranìum and enelose the eranìal 
eavity. 

6. Except where the mandible eontaets the cranium, the 
eonneetions between the skull and bones of adults are 
immovable joints ealled sutures.The major sutures of the 
skull are the eoronal suture, the squamous suture, the 
sagittal suture, and the lambdoid suture. 



Faeìal bones domìnate the anterìor aspeet of the skull, and 
eranìal bones domlnate the posterlor surface p. 236 


7. The faeial bones visible on the anterior aspeet of the skull 

are the nasal, laerimal, palatine, zygomatie, maxillae, 
inferior nasal eonehae, vomer, and mandible. 


8. The eranial bones visible on the anterior aspeet of the skull 

are the parietal, the frontal, sphenoid, and ethmoid. 


14. In horizontal seetion, many of the foramina are visible 
as they open into the eranial eavity.This seetion also 
demonstrates the erista galli, eribriform plate, sella turcica, 

and the internal oeeipital erest. 



The shapes and marklngs of the sphenold, ethmold, and 
palatlne bones are best seen In the Isolated bones p. 242 


15. The sphenoid forms part of the floor of the cranium, 
unites the eranial and faeial bones, and aets as a eross- 
bridge that strengthens the sides of the skull. 

16. The ethmoid forms part of the floor of the anterior 
cranium, the roof of the nasal eavity, a portion of the nasal 
septum and the medial orbital wall. It has three parts: 

the eribriform plate, the paired lateral masses, and the 
perpendicular plate.The superior and middle nasal 
eonehae are projeetions of the lateral masses. 

17. The palatine bones form the posterior portion of the hard 
palate, and contribute to the floor of eaeh orbit. 



Eaeh orbltal complex eontalns one eye, and the nasal 
complex eneloses the nasal eavltles p. 244 


9. The posterior view of the skull displays eranial bones only: 

parietal, oeeipital, and temporal. 



The lateral and medlal aspeets of the skull share many 
surface marklngs p. 238 


10. The eranial bones visible from a lateral view of the skull are 
the frontal bone, parietal bone, oeeipital bone, temporal 
bone, sphenoid, 
and ethmoid. 

Prominent features 
arethesuperior 
and inferior 
temporal lines, the 
squamous part of 
the temporal bone, 
and the external 
acoustic meatus. 

11. The faeial bones 
visible from a 
lateral view are 


7.8 



18. The orbits are bony reeesses that eontain the eyes and 
areformed by the seven bones of the orbital complex: 
frontal bone, zygomatie bone, maxilla, laerimal, ethmoid, 
sphenoid, and palatine bone. 

19. The nasal complex includes the bones of the nasal 
eavities, and the paranasal sinuses. Sphenoid, ethmoid, 
frontal bone, palatine bone, and maxillae eontain the 
paranasal sinuses. 


The mandìble forms the lower Jaw, and the assoeìated 
bones of the skull perform speeìalìzed functlons p. 246 

20. The mandible ean be subdivided into the body and 
the rami. Its most important features are the eoronoid 
proeess, alveolar proeess, eondylar proeess, mandibular 
noteh, mandibular foramen and mylohyoid line. 

21. The hyoid bone supports the larynx and is the attaehment 
site for muscles. The auditory ossieles are enelosed in the 
petrous part of the temporal bone and are important in 
hearing. 
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GHAPTER 7 REVIEVV • TheSkeleton (contínued) 



Fontanelles permìt eranìal growth ìn ìnfants and small 
ehlldren p. 248 

22. At birth, eranial bones are eonneeted by flexible fibrous 
eonneetive tissue ealled fontanelles. 

23. The important fontanelles are the anterìor fontanelle, 
sphenoìdal fontanelle, mastoìd fontanelle, and 
oeeìpítal fontanelle. 


33. The sternum has three distinet regions: the manubrìum, 
body, and xìphoíd proeess. 

34. Ribs eontain a tubercle, capìtulum, artícular faeets, and a 
eostal groove. Ribs assist with breathing by ehanging the 
volume of the thoraeie eavity. 


SEGTION 2 • Appendicular Skeleton 



The vertebral column has four spìnal curves, and 
vertebrae share a basie structure that differs 
regionally p. 250 





There are 26 bones in the 
adult vertebral column: the 
24 vertebrae, the sacrum, 
and the coccyx. 

The primary spinal curves 
develop before birth and 
remain in the adult as the 
thoraeìe and saeral curves. 
The seeondary curves 
develop after birth.The 
eervìeal curve develops 
as the infant balanees the 
weight of the head, and the 
lumbar curve develops with 
the ability to stand. 



Eaeh vertebra eonsists of 

artìcular proeesses, a 
vertebral areh, and a vertebral body. Vertebrae have 
structural differenees in eaeh region. 



There are seven eervieal vertebrae and twelve thoraeìe 
vertebrae p. 252 

27. Regional eharaeteristies of the seven eervieal vertebrae 
are transverse foramìna, and bifid spinous proeesses. 
Speeialized eervieal vertebrae are (atlas) and (axis) 
that allow for head movement.The dens or odontoid 
proeess of allows for head rotation. 

28. Regional eharaeteristies of the 12 thoraeie vertebrae are 
eostal faeets for rib articulation, and inferiorly projeeting 

spinous proeesses. 



There are fìve lumbar vertebrae; the sacrum and coccyx 
eonsìst of f used vertebrae p. 254 

29. The five lumbar vertebrae are the largest vertebrae.They 
do not have eostal faeets, and have stumpier proeesses. 

30. The sacrum is a single bone eonsisting of fìve fused 
saeral vertebrae. It begins fusing to the coccyx by age 
26. Important features of the sacrum are the base, 
promontory, foramina, apex, ala, eanal, tuberosity, 
auricular surface, superior articular proeess, lateral and 
median erests, and hiatus. 



The thoraeie eage proteets organs in the ehest and 
provìdes sites for muscle attaehment p. 256 

31. The thoraeie eage eonsists of the thoraeie vertebrae, the 

ribs, and the sternum. 

32. Ribs 1 -7 are ealled vertebrosternal ribs because they are 
eonneeted to the sternum by eostal eartilages. Ribs 8-10, 
or vertebroehondral ribs, eonneet to the sternum by 
shared eostal eartilages. Ribs 11 and 12 are ealled floating 
ribs because they have no eonneetion with the sternum. 



The appendìcular skeleton ìncludes the lìmb bones and 
the peetoral and pelvìe gìrdles p. 259 


35. The appendicular skeleton eontains 126 bones. It 

eontains the peetoral girdle and upper limb, and the pelvie 
girdle and lower limb. 



The peetoral gìrdles—the elavieles and the scapulae— 
eonneet the upper lìmbs to the axìal skeleton p. 260 

36. The elavieles originate on the superior, lateral border of 
the manubrium, and articulate laterally with the aeromion 

of the scapula. 

37. The important landmarks for muscle attaehment to the 
scapula are the borders, angles, and fossae. A prominent 
spine on the posterior scapula ends laterally as the 
aeromion.The glenoid eavity articulates with the head of 
the humerus to form the shoulder joint. 


7.16 


The humerus of the arm artìculates with the radìus and 
ulna of the forearm p. 262 

38. The upper limbs eonsist of the bones of the arms, forearms, 
wrists, and hands. 


39. The proximal humerus eontains the head, greater 
and lesser tubercles, intertubercular sulcus, and the 
anatomieal and surgical neeks.The shaft has an elevation 
ealled the deltoid tuberosity, where the deltoid muscle 
attaehes.The distal humerus has the troehlea, capitulum, 
radial fossa, and eoronoid fossa. 

40. The ulna and radius are the parallel bones of the forearm. 
The elbow is formed by the oleeranon of the ulna.The 
head and styloid proeess are on the distal ulna.The radial 
head is on the proximal aspeet of the bone and articulates 
with the capitulum of the humerus. It too has a styloid 
proeess on its distal aspeet. 



The wrìst eonsìsts of earpal bones, and the hand eonsìsts 
of metaearpal bones and phalanges p. 264 

41. Eight earpal bones in two rows of four form the wrist. The 
earpals of the proximal row are the seaphoid, lunate, 
pisiform, and triquetrum.The distal row of earpals is 
eomposed of the trapezium, trapezoid, eapitate, and 
hamate. 


42. Five metaearpal bones form the hand. Laterally to 
medially, they are identified by Roman numerals l-V. 

43. Eaeh hand has 14 finger bones or phalanges. Eaeh finger 
eontains a proximal, middle, and distal phalanx.The thumb 
or pollex, however, has only a proximal and distal phalanx. 



The hìp bone forms by the f usìon of the ìlìum, ìschìum, and 
pubìs p. 266 


44. The pelvie girdle eonsists of the paired hip or coxal bones. 
Eaeh hip bone isformed by thefusion ofthe ilium, ischium, 
and pubis. 
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45. In lateral view, the dominant features of a hip bone are the 

ílìae erest, the ìlìae and ìsehìal spìnes, gluteal lìnes, ísehìal 
tuberosìty, and the soeket or acetabulum. Visible from a 
medial view are the ìlìae fossa, arcuate lìne, peetíneal lìne, 
pubìc tubercle, obturator foramen, ìsehìal ramus, and the 
superíor and ínferìor pubíc ramí. 



The pelvìs eonsìsts of the two hìp bones, the sacrum, and 

the coccyx p. 268 

46. An extensive network of ligaments eonneets the sacrum 
with the posterior aspeets of the two hip bones.The pubíc 
symphysís is a pad of fibroeartilage that forms the anterior 
articulation between the two hip bones. 

47. The pelvis ean be divided into a true (lesser) and false 
(greater) pelvìs. 

48. Adaptations for ehildbearing cause the female pelvis to be 
shaped differently from a male pelvis. 



The femur, tìbìa, and patella meet at the knee 


p.270 


49. Eaeh lower limb eonsists of a femur (thigh), a patella 
(kneeeap), a tìbìa and fibula (leg), and the tarsal bones, 
metatarsal bones, and phalanges of the foot. 

50. The proximal femur has a head, fovea eapìtís, neek, 
greater and lesser troehanters, intertroehanterie erest, and 


íntertroehanterìe line.The distal femur eontains medìal and 
lateral eondyles, medial and lateral epieondyles, a patellar 
surface, and an ìntereondylar fossa.The lìnea aspera runs 
the length of the posterior shaft. 

51. The patella is a large sesamoid bone and is formed within the 
quaclriceps femoris tendon. 

52. The proximal tibia has medíal and lateral eondyles and an 
intereondylareminenee.The head ofthefibula articulates 
with the proximal tibia.The projeetions of the ankle are 
formed by the medial malleolus of the tibia and the lateral 
malleolus of the fibula. 



The ankle and foot eonsìst of tarsal bones, metatarsal 

bones, and phalanges p. 272 

53. The ankle eonsists of seven tarsal bones: the calcaneus, talus, 
navicular, cuboid, and the three cuneiform bones. 

54. Five metatarsals form the foot. Medially to laterally, they are 
identified by Roman numerals l-V. 

55. Eaeh foot has 14 toe bones or phalanges. Eaeh toe eontains a 
proximal, middle, and distal phalanx.Thegreattoeor hallux, 
however, has only a proximal and distal phalanx. 

56. Arehes assist with transferring the weight of the body to the 
feet.The longitudinal areh runs from the calcaneus to the 
distal metatarsals.Thetransverseareh runs perpendicularto 
the longitudinal areh. 



ehapter Review Questions 

Labelìng 

Identify the eranial and faeial bones in the diagrams below. 



True/False 


indieate whether eaeh statement is true or false. 



The patella is a sesamoid bone. 

The adductor tubercle is a small pit in the eenter of the femoral head. 
The lateral border of the scapula is also ealled the vertebral border. 
The last two pairs of ribs are also ealled floating ribs. 
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GHAPTER 7 REVIEVV • TheSkeleton (contínued) 


IVIultìple ehoìee 


Seleet the eorreet ansvver from the list provided. 



When you move your head as if to say no, 

Q a) the atlas rotates on the oeeipital eondyles. 

Q b) and rotate on the adjoining eervieal vertebrae. 
Q e) the atlas rotates on the dens of the axis. 

Q d) the skull rotates vvith both and G^. 



Which of the follovving pairs of bones make up the bony nasal 
septum? 

Q a) inferior nasal eonehae and vomer 

Q b) perpendicular plate of ethmoid and inferior nasal eonehae 
Q e) vomer and perpendicular plate of ethmoid 
Q d) inferior nasal eonehae and middle nasal eonehae of ethmoid 



The unpaired faeial bones include the 

Q a) laerimal and nasal. 

Q b) vomer and mandible. 

Q e) maxilla and mandible. 

Q d) zygomatie and palatine. 



The joint betvveen the frontal and parietal bones is eorreetly 
ealled the 

Q a) parietal suture. 

Q b) lambdoid suture. 

Q e) squamous suture. 

Q d) eoronal suture. 



Which part of the ulna forms the point of the elbovv? 

Q a) styloid proeess 
Q b) oleeranon 
Q e) eoronoid proeess 
Q d) troehlear noteh 



Which of the follovving bones is not part of the orbital complex? 

Q a) laerimal 
Q b) nasal 
Q e) ethmoid 
Q d) sphenoid 



The head of the femur articulates vvith the pelvis at the 
Q a) true pelvis. 

Q b) acetabulum. 

Q e) obturator foramen. 

Q d) pubic symphysis. 



What is the name of the flexible sheet that intereonneets the radius 
and ulna (and the tibia and fibula)? 

Q a) interosseous membrane 
Q b) obturatorforamen 
Q e) linea aspera 
Q d) intereondylar eminenee 


Short answer 


25 

26 
27 


What purpose do the fontanelles serve during birth? 

Deseribe hovv ribs function in breathing. 

Name the three bones that fuse to form a hip bone. Where 
do these bones meet? 



Distinguish betvveen the primary and seeondary curves of the 
vertebral column. 



Deseribe the arehes of the feet. 


MasteringA&P® 

Aeeess more ehapter study tools online in the MasteringA&P Study Area: 

■ ehapter Quízzes, Ghapter Praetiee Test, Art-labeling Aetivities, 
Anímatíons, MP3 Tutor Sessions, and Glíníeal Case Studies 


■ Praetiee Anatomy Lab 

PAi: 

■ interaetive Physiology 

ip. 

■ A&P Flix 

AáPF^x 

■ PhysioEx 

PhysioEx 
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ehapter Integratìon • Applyíng what you have learned 


An íllegal eheekfrom behínd leaves a 
eollege hoekey player wíth moltíple ínjoríes 

Donny plays right wing on his eollege hoekey team. He grew up in a 
hoekey family in Peterborough, Ganada. His dad played Jnniors and 
had hopes of an NHL eareer, until marriage and ehildren caused him 
to give up his dream. But he put skates on Donny as soon as Donny 
could walk, and taught him the game. After high sehool, Donny 
followed in his father s footsteps by ehoosing to play eollege hoekey. 

He too hopes to have a eareer in professional hoekey. 

During a eollegiate hoekey game against his arehrivals, Donny was 
handling the puck well and out-skating the defense, when he was eheeked 
from behind. Gheeking is a manenver in which an opponent is nentralized 
throngh the proper use of one s body or stiek; eheeking from behind is 
illegal. While lying on the iee being examined by the teams athletie trainer, 
Donny was experiencing ehest and shonlder pain. His teammates helped 
him to the loeker room, where a thorongh physieal exam revealed a badly 
brnised ehest; dyspnea (diffienlty breathing); and immobility of his left 
arm, espeeially in the anterior direetion. X-rays subsequently taken at a 
nearby hospital revealed two fraetnred ribs. 



Why míght Donny be experiencing difficulty breathing? 

What is the probable reason for Donny's inability to move his left arm? 




State whether Donny's injuríes are related to the axial skeleton or to the 
appendícular skeleton. 




Examíníng a baby's eleft palate 

There are oeeasions when eertain sutures of the skull do not 
form properly in fetal development. An example of this is eleft palate, 
in which a permanent gap remains between the bones of the hard palate. 
From what you have just learned about the bones of the skull, answer 
the following questions. 





Which bones do not properly form into a suture in eleft palate? How 
many bones are involved? 

If you were to look into the mouth of a baby with eleft palate, what would 
you expect to see? 

What kinds of difficulties do you think a baby with eleft palate might have? 
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LEARNING OUTCOMES 


These Learning 
Onteomes 
eorrespond 
bynnmberto 
this ehapter's 
modnles and 
indieate what 
you should be 
able to do after 
eompleting 
the ehapter. 

V J 


SEGTION 1 • Joìnt Structure and Movement 



Name and deseribe the three types of joints as elassified by structure and movement. 

Deseribe the basie structure of a synovial joint, and deseribe eommon aeeessory 
structures and their functions. 




Explain the relationship betvveen structure and function for eaeh type of synovial joint. 

Deseribe flexion/extension, abduction/adduction, and circumduction movements of the 
skeleton. 

Deseribe rotational and speeial movements of the skeleton. 


SECTION 2 • Axìal and Appendìcular Joìnts 




Gompare the general relationship betvveen joint stability and range of motion for axial 
and appendicular joints. 

Deseribe the joints betvveen the vertebrae of the vertebral column. 

Deseribe the structure and function of the shoulder and hip joints. 

Deseribe the structure and function of the elbovv and knee joints. 

□ CUNICAL MODIILE Explain arthritis, and deseribe its effeets on joint structure and 
function. 


(S) 

Learning Onteomes 
arerepeated atthe 
bottomofeaeh 
module. 
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IVIodule 8.1 


SEGTION 1 • Joínt Structure and Movement 


Joìnts are elassifìed aeeordíng 
to structure and movement 


The bones of the skeleton are relatively inflexible, so movements 
ean oeenr only at joints, or artienlations, where two bones meet. 


Functíonal and Structural eiassifkations of Joínts 

Functìonal Category 

Structural Category and Type 

Deseríptíon 


Synarthrosìs (no nnovennent) 

At a synarthrosis {syn-, together 
+ arthrosis, articulation), the 
bony edges are elose together 
and may interloek.These 
extremely strong joints are 
loeated where movement 
between the bones must be 
prevented. 


Fìbrous 

Suture 



A suture {sutura, a sewing together) is a synarthrotie joint 
loeated only between the bones of the skull.The edges of the 
bones are interloeked and bound together at the suture by 
dense fibrous eonneetive tissue. 


Gomphosis 



A gomphosìs (gom-FO-sis; gomphos, bolt) is a synarthrosis 
that binds the teeth to bony soekets in the maxillae and 
mandible.The fibrous eonneetion between a tooth and its 
soeket is a periodontal (per-è-ó-DON-tal) ligament {peri, 
around + odontos, tooth). 


Cartílagínous 

Synehondrosìs 



A synehondrosís (sin-kon-DRO-sis; syn, together + ehondros, 
eartilage) is a rigid, cartilaginous bridge between two articulat- 
ing bones.The cartilaginous eonneetion between the ends of 
the first pair of ribs and the sternum is a synehondrosis. 


Bony 

Synostosìs 



A synostosìs (sin-os-TO-sis) is a totally rigid, immovable joint 
formed when two bones fuse and the boundary between them 
disappears.The frontal suture of the frontal bone and the 
epiphyseal lines of mature long bones are synostoses. 


Amphìarthrosìs (little movement) 

An amphiarthrosis (am-fè-ar- 
THRO-sìs; amphi-, on both sides) 
permits more movement than a 
synarthrosis, but is much 
stronger than a freely movable 
joint.The articulating bones are 
eonneeted by eollagen fibers or 
eartilage. 


Fìbrous 

Syndesmosìs 



At a syndesmosìs (sin-dez-MO-sis; desmos, a band or 
ligament), bones are eonneeted by a ligament. One example is 
the distal joint between the tibia and fibula. 


Cartìlagìnous 

Symphysìs 



At a symphysìs, the articulating bones are separated by a pad 
of fibroeartiiage. The joint between the two pubic bones (the 
pubic symphysis) is an example of a symphysis. 


Dìarthrosìs (free movement) Synovìal 

A diarthrosis (dí-ar-THRO-sis; dia-, 
through) permits the widest 
range of movement. 



Dìarthroses, or synovìal (si-NO-vè-ul) joìnts, permit a wider 
range of motion than do other types of joints. They are 
typieally loeated at the ends of long bones, such as those of 
the upper and lower limbs. 



The anatomieal structure of a joint determines the type 
and amount of movement the joint ean execute. Eaeh 
joint refleets a eompromise between the need for strength 
and the need for mobility. The amount of movement at a joint 
is known as range of motion (ROM). Joints are often 
eategorized by their ROM, and are fnrther divided into 
subgroups based on anatomieal structure. 


Modnle 8.1 Revìew 


a. Define range of motion (ROM). 

b. Distinguish between a synarthrosis and an 
amphiarthrosis. 

e. VVhieh structural eategory ofjoints allows 
for the greatest range of motion? 


8.1 Name and deseribe the three types of joints as elassified by structure and movement. 
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IVIodule 8.2 


r 


Synovìal joínts are freely movable 

dlarthroses llned wlth a synovlal membrane 

In this modnle we review the general structure of a synovial joint, which was 
introduced in our earlier discussion of synovial membranes (Module 4.14, 
p. 161). We will focus on the key structures of synovial joints. 



Under normal eonditions, the opposing bony snrfaees within a synovial joint 
eannot eontaet one another, beeanse these snrfaees are eovered by speeial artienlar 
eartilages, which are sliek and smooth. The artienlar eartilages alone ean reduce frietion 
during movement at the joint. However, even when pressnre is 
applied aeross a joint, the smooth artienlar eartilages do not 
touch one another, beeanse they are separated by a thin film of 
synovial fluid within the joint eavity. 


Synovìal Joìnt eomponents 


Artìcular eartìlage eovers bones at a joint. It is like 
hyaline eartilage, but it has no perichondrium and its 
matrix eontains more water than other eartilages. 


The joìnt capsule, or artícular capsule, is a sae that 
eneloses the articulating ends of the bones in the joint. 

It is made up of an outer fibrous layer and an inner 
synovial membrane. It may be reinforeed with aeeessory 
structures such as tendons or ligaments. 


The synovíal membrane lines the interior of the joint 
capsule and seeretes synovial fluid into the joint eavity. 
This fluid lubricates, cushions shoeks, prevents abrasion, 
and supports the ehondroeytes of the articular eartilages. 
Even in a large joint such as the knee, the total quantity of 
synovial fluid in a joint is normally less than 3 mL. 




• ^11 r 






l\/ledullary eavity 


The periosteum of 
eaeh bone is 
continuous with the 
capsule of the joint. 
This integration adds 
strength and mobility 
to thejoint. 


Synovial fluid 


Spongy bone of 
epiphysis 


Gompaet bone 


2 


This table details the major 


functions of synovial fluid. It is a 
elear, straw-colored, viscous fluid with 
the eonsisteney of raw egg white. Its 
normal viseosity is due to a high 
eoneentration of hyalnronan 
(hyalnronie aeid) (Module 4.4, p. 141). 
Synovial fluid is produced by the 
synovial membrane that lines the joint 
eavity. During normal movement, 
synovial fluid circulates from the 
areolar tissue into the joint eavity and 
pereolates throngh the artienlar 
eartilage, providing oxygen and 
nntrients to the ehondroeytes and 
earrying away their metabolie wastes. 


Synovlal Fluld Functlons 


• Lubrícatíon. When part of an articular eartilage is eompressed during movement, 
some of the synovial fluid squeezes out of the eartilage and into the spaee between 
the opposing surfaces.This thin layer of fluid markedly reduces frietion between 
moving surfaces, just as a thin film of water reduces frietion between a ear's tires and 
a highway. 

• Nutrìent Dìstrìbutíon. Synovial fluid in a joint must circulate continuously to provide 
nutrients and dispose of waste for the ehondroeytes in the articular eartilage. It 
circulates whenever the joint moves, and eompression and reexpansion of the 
articular eartilage pump synovial fluid into and out of the eartilage matrix. 

• Shoek Absorptìon. Synovial fluid cushions shoeks in joints that are subjected to 
sudden eompression or impaet. This cushioning effeet occurs because the viseosity of 
synovial fluid inereases with inereasing pressure. For example, when you jog, your 
knees are severely eompressed, and the viseosity of the synovial fluid inereases. As 
the pressure lessens, viseosity deereases and it is again a lubricant. 
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In complex synovial joints, such as the knee, a variety 
of aeeessory structures provide support and additional 


stability. Several of these structures are shown in this 
diagram of a sagittal seetion of the knee. 


The tendon of the quadriceps muscles attaehes 
to the base of the patella. Although not part of 
the joint itself, tendons passing aeross or 
around a joint ean limit the joint's range of 
motion and provide meehanieal support for it. 


Patella 


Synovial 

membrane 


Joint 

capsule 


Joint eavity 


Articular 

eartilage 



Aeeessory Structures Supportìng the Knee 


A bursa (BUR-sa; a pouch; plural, bursae) is a small, thin, fluid-filled 
poeket that forms in eonneetive tissue outside of a joint capsule. It 
eontains synovial fluid and is lined by a synovial membrane. 
Bursae often form where a tendon or ligament rubs against other 
tissues. Loeated around most synovial joints, including the knee 
joint, bursae reduce frietion and aet as shoek absorbers. 


Fat pads are loealized masses of adipose tissue eovered by a layer 
of synovial membrane.They are eommonly superficial to the joint 
capsule. Fat pads proteet the articular eartilage and aet as paeking 
material forthejoint. VVhen the bones move, thefat padsfill in the 
spaees ereated as the joint eavity ehanges shape. 


A imenìscus (me-NIS-kus; a ereseent; plural, menisei) is a pad of 


fibroeartilage between opposing bones within a synovial joint. 
Menisei, or articular dises, may subdivide a synovial eavity, ehannel 
the flow of synovial fluid, or allow for variations in the shapes of 
the articular surfaces. 


Aeeessory lìgaments support, strengthen, and reinforee synovial 
joints. Capsular lìgaments, or intrinsie ligaments, are loealized 
thiekenings of the joint capsule. Extrìnsíc lìgaments are separate 
from the joint capsule. Extrinsic ligaments may pass outside or 
inside the joint capsule, and are ealled extracapsular or intracapsu- 
lar ligaments, respeetively. 


The patellar lígament extends from the apex of the patella to 
the tibial tuberosity. This is an example of an extracapsular 
lìgament. 


The crucìate lígaments that run through the interior of the 
knee joint are examples of ìntracapsular lìgaments. 


A joint eannot be both highly mobile and very strong. The 
greater the range of motion at a joint, the weaker it beeomes. 

A synarthrosis, the strongest type of joint, has no movement, whereas a 
diarthrosis, such as the shoulder, is far weaker but has a broad range of 
motion. Any mobile diarthrosis will be damaged by movement beyond 
its normal range of motion. When reinforeing structures eannot proteet 
a joint from extreme stresses, a disloeation, or luxation (luk-SÀ-shun), 
resnlts. In a disloeation, the artienlating snrfaees are foreed out of 
position. The displaeement ean damage the artienlar eartilage, tear 
ligaments, or distort the joint eapsnle. Althongh the inside of a joint has 
no pain reeeptors, sensitive nerves monitor the eapsnle, ligaments, and 
tendons, so disloeations are very painfnl. 


Module 8.2 Revìew 


a. Deseribe the eomponents ofa synovial 
joint, and identify the functions of eaeh. 

b. VVhy would improper circulation of 
synovial fluid lead to the degeneration of 
articular eartilages in the affeeted joint? 

e. Define a joint disloeation (luxation). 


8.2 Deseribe the basie structure of a synovial joint, and 
deseribe eommon aeeessory structures and their functions. 
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Anatomkal organízatíon determínes 
the motion at synovial joints 

An accurate deseription of the functions of a joint inelndes terms that 
indieate the types of motion permitted. To show the general types of 
movement, we will use a simple model that you ean try for yonrself. 



Take a peneil and stand it npright on the snrfaee of a desk. The 
peneil represents a bone, and the desktop represents an artienlar 
snrfaee. A little imagination and a lot of twisting, pnshing, and pnlling 
will demonstrate that there are only three ways to move the peneil. 
Gonsidering them one at a time gives a frame of referenee for us to 
analyze complex movements. 


2 


If you hold the peneil npright, without seenring the point, you ean push 


the peneil point aeross the snrfaee. This kind of motion, glídíng, is an 
example of linear motion. You could slide the point forward or backward, from 
side to side, or diagonally. However you move the peneil, the motion ean be 
deseribed by using two lines of referenee (axes). One line represents forward- 
backward motion, the other left-right movement. 






Glídìng 


3 


If you hold the point in position, you ean move 


the free (eraser) end of the peneil forward and 
backward, from side to side, or at some intermediate 
angle. These movements, which ehange the angle 
between the peneil shaft and the desktop, are examples 

of angular motíon. 



Angular motíon 


4 


A speeial term is used to deseribe a complex angnlar movement. 


Grasp the peneil eraser and move the peneil in any direetion until 
it is no longer vertieal. Now swing the eraser throngh a eomplete eirele. 
This movement, which eorresponds to the path of your arm when you 
draw a large eirele, is very diffienlt to deseribe. Anatomists avoid the 
problem by using the term circumduction (sir-kum-DUK-shun; 
circum, around) for this type of angnlar motion. 




Cìrcumductíon 



5 


If you keep the shaft vertieal and the point at one loeation, 
you ean still spin the peneil around its longitndinal axis. 
This movement is ealled rotation. Several joints permit partial 
rotation, but none ean rotate freely without limit beeanse such a 
movement would hopelessly tangle the blood vessels, nerves, 
and mnseles that eross the joint. 




Rotation 
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Types of Synovìal Joínts 


Models of Joínt Motìon 


Examples 


Glìdíng joìnt 



Hínge joínt 


Pivot joint 


Hunnerus 




Gondylar joint 



Seaphoid 

bone 


Saddle joint 



Metaearpal 
bone of thunnb 


Trapeziunn 



Ball-and-soeket joint 


Hunnerus 



• Acronnioclavicular 
and sternoclavicular 
joints 

• interearpal and 
intertarsal joints 

• Vertebroeostal joints 

• Saeroiliaejoints 



• Elbovvjoints 

• Kneejoints 

• Anklejoints 

• Interphalangeal joints 



• Atlantoaxial joint 

• Proximal radioulnar 
joints 



• Radioearpal joints 

• Metaearpophalangeal 
joints 2-5 

• Metatarsophalangeal 
joints 



• First earpometaearpal 
joints 



• Shoulderjoints 

• Hipjoints 


Module 8.3 Revíevv 


a. Identify the types of synovial joints based on the 
shapes of the articulating surfaces. 


6 


This visual summary gives representative examples of the various 
anatomieal elasses of synovial joints based on the shapes of the 


artienlating snrfaees. It relates artienlar structure to simplified joint 
models and lists examples of eaeh group of joints. 


b. What type ofsynovial joint permits the greatest 
rangeof motion? 

e. indieatethetype ofsynovialjointfor eaeh ofthe 
follovving: shoulder, elbovv, ankle, and thumb. 


8.3 Explain the relationship betvveen structure 
and function for eaeh type of synovial joint. 
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Speeífie terms are used to deseribe movements 
wìth referenee to the anatomíeal posítion 


It is easiest to understand the terms used to deseribe body movements 
when you see the aetions under way. You should beeome very familiar 
with the deseriptive terms presented here and in Module 8.5, because we 
will use them when we eonsider both the fnnetions of speeifie joints and 
the aetions of skeletal mnseles. 


Flexion and Extension 



Flexion and extension 
deseribe the movements 
at the hinge joints of the long 
bones of the limbs, but 
they are also used to 
deseribe movements of 
the axial skeleton. For 
example, when you 
bring your head toward 
your ehest, you flex the 
intervertebral joints of 
the neek. 


Extension 


Flexion 



Hyperextension 


Extensìon occurs in the 
same plane as flexion, 
but it inereases the angle at 
the joint. When a person is 
in the anatomieal position, 
all of the major joints of the 
axial and appendicular 
skeletons (except the ankle) 
are at full extension. 


Extension 



Flexìon (FLEK-shun) is movement 
in the anterior-posterior plane 
that deereases the angle at the 
joint. Here you see flexion at the 
neek, the elbow, and the hip. 


hyperextensìon 



Lateral flexíon occurs when your 
vertebral column bends to the side. 
This movement is most pronounced 
in the eervieal and thoraeie regions. 



Dorsíflexíon is upward movement of 
the foot or toes, as when you dig in 
your heel. Plantar flexìon [pianta, 
sole), the opposite movement, 
extends the ankle joint and bends the 
foot or toes, as when you stand on 
tiptoe. It is also aeeeptable (and 
simpler) to use"flexion and extension 
at the ankle,"ratherthan "dorsiflexion 
and plantar flexion." 
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Spreading the fingers or toes 
apart abducts them, because 
they move away from a eentral 
digit. Bringing them together 
constitutes adduction. (Fingers 
move toward or away from the 
middle finger; toes move toward 
or away from the seeond toe.) 



Adductíon Abductíon 


Abduction and Adductíon 

Abduction and adduction 
always refer to the move- 
ments of the appendienlar skeleton, 
not to those of the axial skeleton. 


Abduction 



Abductìon (ab, 
from) is movement 
away from the 
longitudinal axis 
of the body in the 
frontal plane. 


Abduction 



Abduction 


Adductìon (ad, to) 
is movement toward 
the longitudinal axis 
of the body in the 
frontal plane. 


Cìrcumductìon 


3 


Moving your arm as if to draw a big 
eirele on the wall is circumduction. 
In this movement your hand moves in a 
eirele, but your arm does not rotate. 



Module 8.4 Revìew 


a. When doing jumping jaeks, which limb 
movements are neeessary? 

b. Which movements are performed by 
hingejoints? 

e. Gompare dorsiflexion to plantarflexion 


©8.4 Deseribe flexion/extension, abduction/adduction, 
and circumduction movements of the skeleton. 
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Speeìfie terms deseribe 
rotatìon and speeíal movements 


Rotation 


Trunk rotation is deseribed as right or left rotation. Limb 
rotation ean be deseribed as medial or lateral rotation. 
Speeial terms are used to deseribe forearm rotation. 



rotation 


rotation 



Rotation is also deseribed with 
referenee to a figure in the 
anatomieal position. Rotation of 
the head may involve left 
rotatìon or rìght rotatìon. 


Lateral 

(external) 

rotation 




During medíal rotatíon, also known as 
internal rotation or inward rotation, the 
anterior surface of a limb turns toward 
the long axis of the trunk.The reverse 
movement is ealled lateral rotatìon, 
external rotation, or outward rotation. 




Supination 




Pronation 


The proximal joint between the 
radius and the ulna (the proximal 
radioulnar joint) permits rotation 
of the radial head. As the shaft of 
the radius rotates, the distal 
epiphysis of the radius rolls aeross 
the anterior surface of the ulna. 
This movement, ealled pronatíon 
(pró-NÀ-shun), turns the wrist 
and hand from palm faeing front 
to palm faeing baek (posteriorly). 
The opposing movement, in 
which the palm is turned 
anteriorly, is supìnatíon 
(soo-pi-NÀ-shun). 
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Speeial Movements 



Several speeifie terms apply to speeifie joints or 
unusual types of movement. 



Opposìtìon is movement of the thumb tovvard the surface 
ofthe palm orthe pads of otherfingers. Opposition 
enables you to grasp and hold objeets betvveen your 
thumb and palm. It involves movement at the first earpo- 
metaearpal and metaearpophalangeal joints. Flexion atthe 
fifth metaearpophalangeal joint ean assistthis movement. 



Protraetìon entails moving a part of the body anteriorly 
in the horizontal plane. Retraetìon is the reverse 
movement.You protraet yourjavv vvhen you jut itforvvard, 
and you retraet your javv vvhen you return it to its normal 
position. Although not shovvn here, you protraet your 
elavieles vvhen you eross your arms. 



Inversìon {in, into -k vertere, to turn) is a tvvisting motion of Depression occurs vvhen a body part moves inferiorly. 

the foot that turns the sole invvard, elevating the medial Elevation is lifting a body structure superiorly. 

edge of the sole.The opposite movement is ealled 
eversion (è-VER-zhun). 

a. What movements are made possible by the 
rotation of the head of the radius? 

b. What hand movements occur vvhen vvriggling 
into tight-fitting gloves? 

e. Snapping yourfingers involves vvhat 
movement vvith the thumb and third 
metaearpophalangeal joint? 


IVIodule 8.5 Revìew 


8.5 Deseribe rotational and speeial movements of the skeleton. 
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Labelíng 

Label the structures in the 
synovial joint figure at right. 


‘-Ví t Vt 


#. * • fe* • 


*í í»Víí.»’* i» 




' %r« Ar 

i\* * 'j 





Identify eaeh of thefollovving movements. 



Matehìng 

Mateh eaeh lettered term vvith the most elosely related deseription. 


a. amphiarthrosis 

b. synarthrosis 

e. disloeation 

d. pronation/supination 
e diarthrosis 

f. shoulder 

g. articular dises 

h. fluid-filled pouch 


21 

22 

23 

24 

25 

26 

27 

28 


Freely movable joint 
Movements of forearm bones 
Ball-and-soeket joint 
Menisei 

Immovable joint 

Luxation 

Bursa 

Slightly movable joint 


21 

22 

23 

24 

25 

26 

27 

28 
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IVIodule 8.6 


SECTION 2 • Axíaland Appendìcular Joínts 



Axial joints have less 
range of motion than 
appendicular Joints 



A typieal joint in the appendienlar skeleton has an extensive 
range of motion. Beeanse a joint eannot be both strong and 
highly mobile, these joints are often weaker than those of the axial 
skeleton. We will examine two joints in eaeh limb: the shonlder 
and elbow in the npper limb, and the hip and knee in the lower 
limb. 


Joínts of the 
Appendìcular Skeleton 


The sternoclavicular joint, 
the only articulation 
between the axial skeleton 
and the peetoral girdle and 
upper limb 

Shoulder joint 


The saeroiliae joint, which 
firmly attaehes the sacrum 
of the axial skeleton to the 
pelvie girdle of the appen- 
dicular skeleton 


Elbow joint 


Superior and inferior 
radioulnar joints 


VVrist joint 


Pubic symphysis 


Joints of the hand 
and fingers 


Hip joint 


Knee joint 


Ankle joint 


Joints of the foot and toes 



2 


Most joints in the axial skeleton are strong joints that 


permit very little movement. This seetion begins by 
examining the structure of the intervertebral joints, which 
permit limited but important movements of the vertebral 
column. 


Joínts of the 
Axìal Skeleton 

Sutures ofthe skull - 

Temporomandibular 
joint (temporal bone 
and mandible) 

Atlantooeeipital joint 
(oeeipital bone and 
atlas) and the 
atlantoaxial joint 
(Ci-C2) 


Joints of the thoraeie 
eage 

Intervertebral joints 


The lumbosacral joint, - 
between the last lumbar 
vertebra and the sacrum 


The saeroeoeeygeal and 
intereoeeygeal joints, 
which structurally 
resemble simplified 
intervertebral joints 




Module 8.6 Revíew 


a. Deseribe the relationship between joint strength and mobility. 

b. VVhieh division of the skeleton has the greatest range of motion? 
e. VVhieh joint attaehes the upper limb to the axial skeleton? 


8.6 Gompare the general relationship between joint stability 
and range of motion for axial and appendicular joints. 
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Adjaeent vertebrae have glìdìng dìarthroses 

between their artícular proeesses and symphyseal 
Joints between their vertebral bodies 


The joints between the snperior and inferior artienlar proeesses of adjaeent 
vertebrae are gliding joints that permit flexion and rotation movements of 
the vertebral eolnmn. Little gliding oeenrs between adjaeent vertebral bodies. 
From axis to saernm, the bodies of adjaeent vertebrae form symphyseal 
joints. At these joints the vertebrae are separated and enshioned by pads 
of fibroeartilage ealled intervertebral dises. 



The intervertebral dises make a signifieant 
eontribntion to an individnafs height: they 
aeeonnt for ronghly one-quarter the length of the 
vertebral column snperior to the saernm. As we 
grow older, the water eontent of the nucleus 
pulposus (see right) deereases and it beeomes less 
effeetive as a enshion. This inereases the ehanees for 
vertebral injury. Water loss from the intervertebral dises 
also causes shortening of the vertebral column, aeeonnting 
for the eharaeteristie deerease in height with advaneing age. 



Eaeh intervertebral dise has a tough outer 
ring of fibroeartilage, the anulus fìbrosus 
(AN-u-lus fi-BRO-sus).The eollagen fibers of 
this layer attaeh the dise to the bodies of 
adjaeent vertebrae. 


Superior view 


The anulus fibrosus surrounds the nucleus 
pulposus (pul-PO-sus), a soft, elastie, 
gelatinous eore.The nucleus pulposus gives 
the dise resilieney and enables it to absorb 
shoeks. 


2 


Numerous ligaments are attaehed to the bodies and proeesses 
of all vertebrae, binding them together and stabilizing the 


vertebral column. The primary ligaments have been identified in 
the anterior view (left) and lateral and seetional views (right). 



Prìmary Vertebral Lígaments 


The lìgamentum flavum (plural, 
lìgamenta flava) eonneets the 
laminae of adjaeent vertebrae. 


The posterìor longìtudìnal 
lìgament parallels the anterior 
longitudinal ligament and eonneets 
the posterior surfaces of adjaeent 
vertebral bodies. 


The ínterspìnous lìgament 

eonneets the spinous proeesses of 
adjaeent vertebrae. 


The supraspínous lìgament 

intereonneets the tips of the spinous 
proeesses from the sacrum to 
vertebra Gy.The ligamentum nuchae 
extends from vertebra Gy to the base 
of the skull. 


The anterìor longìtudínal lígament 

eonneets the anterior surfaces of 
adjaeent vertebral bodies. 



Anulus fibrosus 
Nucleus pulposus 


Spinal eord 


Spinal nerve 


Posterior 

longitudinal 

ligament 
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If the posterior longitudinal ligaments weaken, as 
often occurs with age, the eompressed nucleus 


4 


pulposus may distort the anulus fibrosus, foreing it partway 
into the vertebral eanal This eondition, seen here in lateral 
view, is ealled a bulgíng dise. The tough outer layer of 
eartilage is actually bulging, and this is eonsidered a normal 
part of aging. 



Normal 

intervertebral 

dise 


Bulging 

dise 


If the nucleus pulposus breaks through the anulus 
fibrosus, it too may protrude into the vertebral 


eanal This eondition, shown here in snperior view, is 
ealled a herniated dise. When a dise herniates, it 
eompresses spinal nerves. 



Gompressed area 
of spinal nerve 


Nucleus pulposus 
of herniated dise 


Spinal nerve 

Spinal eord 

Anulus 

fibrosus 


5 


The bones of the skeleton beeome thinner and weaker as a normal 
part of the aging proeess. Inadequate ossifieation is ealled osteopenia 


(os-tè-ó-P£-nè-uh; penia, laeking). This rednetion in bone mass begins 
between the ages of 30 and 40 as osteoblast aetivity begins to deeline, while 
osteoelast aetivity eontinnes at previons levels. Thereafter, women lose 
ronghly 8 pereent of their skeletal mass every deeade; men lose ronghly 3 
pereent per deeade. When the rednetion in bone mass is snffieient to eompro- 
mise normal fnnetion, the eondition is known as osteoporosis 
(os-tè-ó-po-RO-sis; porosns, porous). The eombination of osteopenia or 
osteoporosis and the redneed enshioning properties of the intervertebral dises 
makes vertebral fraetnres a eommon problem among the elderly. 



Normal spongy bone SEM X 25 



Spongy bone with SEM X 21 

osteoporosis 



eiinieal sean of a eompression 
fracture in a lumbar vertebra 


Modyle 8.7 Revíew 


a. Identify the primary vertebral 
ligaments. 

b. Deseribethe nucleus pulposusand 
anulusfibrosusofan intervertebral 
dise. 

e. Gomparea bulging dise with a 
herniated dise. 


8.7 Deseribe the joints between the vertebrae of the vertebral column. 
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The shoulder and hìp are ball-and-soeket joìnts 


Shoulder Joint 

The shoulder joint, or glenohumeral joint, has the greatest range of motion of any joint. 
Because it is also the most frequently disloeated joint, it is an excellent example to 
show how stability is saerifieed for mobility. This joint is a ball-and-soeket diarthrosis 
formed by the artienlation of the head of the humerus with the glenoid eavity of 
the seapnla. Another important joint in this area is the aeromioelavienlar 
joint, which is where the elaviele artienlates with the seapnla. 



Five major ligaments help stabilize 
the shonlder joint. As at other 
joints, bursae at the shonlder reduce 
frietion where large mnseles and 
tendons pass aeross the joint eapsnle. 

All or some of these ligaments may 
be injnred in a shonlder disloeation 
(affeeting the glenohnmeral joint), 
or a shonlder separation (involving 
the aeromioelavienlar joint). 


eoraeoid proeess 


Bursae 


Atendon ofthe bieeps braehii nnuscle 
runs through the shoulder joint. As it 
passes through the articular capsule, it 
is surrounded by a tubular bursa that 
is continuous with the joint eavity. 




Lìgaments Stabìlízìng 


the Shoulder 


Coracoclavicular ligaments 
Acromioclavicular ligament 
Goraeoaeromial ligament 

Coracohumeral ligament 
Glenohumeral ligaments 


2 


This frontal seetion throngh the glenohnmeral joint shows 
that the relatively loose artienlar eapsnle extends from the 


seapnla to the anatomieal neek of the humerus. The oversized 
artienlar eapsnle permits an extensive range of motion. 


3 


In lateral view, you ean see how small the artienlar eartilage 
of the glenoid eavity is eompared with the artienlar eapsnle. 


The small artienlar eartilage is eompensated by the glenoid 
labrnm, surrounding skeletal mnseles, assoeiated tendons, and 
varions ligaments that stabilize the joint. 


Subdeltoid Articular Coracoacromial Coracoclavicular 


bursa 


capsule 


ligament 


ligaments 



Acromioclavicular 
ligament 


Synovial 

membrane 


Articular 


Articular capsule 


eartilages 


Articular eartilage 


The area of the glenoid eavity is 
inereased by a fibroeartilage 
glenoìd labmm (labmm, lip or 
edge), which continues beyond 
the bony rim and deepens the 
soeket. 



Scapula 


Tendon of 

supraspinatus muscle 

Tendon of 
infraspinatus muscle 

Tendon of bieeps 
braehii muscle 

Coracohumeral 
ligament (cut) 

Glenohumeral 

ligaments 

Subscapularis muscle 
Teres minor muscle 
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Hip Joint 


The hip joint is a stnrdy ball-and-soeket 
diarthrosis that allows flexion and 
extension, addnetion and abdnetion, 
eirenmdnetion, and rotation. 


Iliofemoral ligament Articular eartilage 


4 


This lateral view shows 
the hip joint with the 


The acetabulum, a deep 
fossa, aeeommodates 
the head of the femur. 


femnr removed. Within the 
aeetabnlnm, an artienlar 
eartilage pad extends like a 
horseshoe to either side of 
the aeetabnlar noteh. Two of the five ligaments 
that reinforee the artienlar eapsnle are shown 
here: the ligament of the femoral head and the 
transverse aeetabnlar ligament. 



The acetabular labruim, 

a projeeting rim of 
rubbery fibroeartilage, 
inereases the depth of 
thejoint eavity and 
helps to seal in synovial 
fluid. 
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The artienlar eapsnle of the hip joint extends from the lateral 
and inferior snrfaees of the pelvie girdle to the intertroehan- 


terie line and intertroehanterie erest of the femnr, enelosing both the 
head and neek of the femnr. The three remaining broad ligaments 
that reinforee the artienlar eapsnle are shown in these views. 


The transverse acetabular 
lìgament erosses the acetabular 
noteh, filling in the gap in the 
inferior border of the acetabulum. 


The lìgamentum teres 

(feres, long and round), 
or the lìgament of the 
femoral head, 

originates along the 
transverse acetabular 
ligament and attaehes 
to the fovea eapitis, a 
small pit at the eenter 
of thefemoral head. 



Reinforeìng Lìgaments 


Pubofemoral ligament 
lliofemoral ligament 

isehiofemoral ligament 


Greater 
troehanter 



isehial 

tuberosity 


Posterior view 


Inter- 

troehanterie 


Modale 8.8 Revíew 


Lesser troehanter 


Anterior view 


Although the head of the femur is well supported, the 
ball-and-soeket joint is not direetly aligned with the 
weight distribntion along the shaft. As a result, hip 
fractures (fractures of the femoral neek or between the 
greater and lesser troehanters of the femur) are much 
more eommon than hip disloeations. 


a. VVhieh tissues or structures provide most ofthe 
stability for the shoulder joint? 

b. At what site are the iliofemoral ligament, 
pubofemoral ligament, and isehiofemoral 
ligament loeated? 

e. A football player is pushed out of bounds from 
behind. He falls onto his outstretched hand, 
pushing the humeral head forcefully upward. 
VVhieh joints and ligaments are affeeted? 


8.8 Deseribe the structure and function of the shoulder and hip joints. 
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IVIodule 8.9 

j 


The elbovv and knee are hìnge joìnts 


ElbowJoint 



The elbow joint is a complex hinge joint that involves the hnmerns, radins, and 
ulna. It is extremely stable because (1) the bony surfaces of the humerus and ulna 
interloek, (2) a single, thiek artienlar eapsnle surrounds both the humeroulnar and 
proximal radionlnar joints, and (3) the artienlar eapsnle is reinforeed by strong ligaments. 



The proximal radioulnar joint is not 
part of the elbowjoint, but the capsule 
and ligaments assoeiated with this 
joint help to hold the humerus, ulna, 
and radius in their proper positions. 


At the small huimeroradìal joìnt, 

the capitulum of the humerus 
articulates with the head of the 
radius. 


The largest and strongest 
articulation at the elbow is the 
humeroulnar Joìnt, where the 
troehlea of the humerus articu- 
lates with the troehlear noteh of 
the ulna. This joint works like a 
door hinge, with physieal 
limitations imposed on the range 
of motion. In the elbow, the shape 
of the troehlear noteh of the ulna 
determines the plane of move- 
ment, and the shapes of the 
oleeranon fossa and the oleeranon 
limit the degree of extension. 


Humerus 



Posterior 

view 


Oleeranon 

fossa 


Moseles that extend the elbow attaeh to 
the rough surface of the oleeranon. 
These muscles are primarily eontrolled 
by the radial nerve, which passes along 
the radial groove of the humerus. 


2 


Although the elbow is extremely strong and stable, severe stresses ean produce 
disloeations or other injnries, espeeially if epiphyseal growth has not been 


eompleted. For example, parents in a rush may drag a toddler along behind them. This 
exerts an upward, twisting pull on the elbow joint that ean result in a partial disloeation 
of the radial head from the annnlar ligament known as nursemaid's elbow. 


Humerus 


The radìal eollateral 
lìgament stabilizes 
the lateral surface of 
the elbowjoint. 



The tendon of the large bieeps braehii 
muscle attaehes to the radius at the radial 
tuberosity. Gontraeting the bieeps braehii 
muscle produces supination of the 
forearm and flexion at the elbow. 


Annular 


Antebraehial 

interosseous 

membrane 


Lateral víew 


Medíal víew 



Articular 

capsule 


Medial 

epieondyle 


Oleeranon 
of ulna 


Capitulum 
of humerus 


The annular lígament 

binds the head ofthe 
radius to the ulna. 


The ulnar eollateral lìgament stabilizes the 
medial surface of the elbow joint. It extends 
from the medial epieondyle of the humerus 
anteriorly to the eoronoid proeess of the 
ulna, and posteriorly to the oleeranon. 
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Knee Joint 


The knee joint aetnally eonsists of three separate joints: two between the femnr and tibia 
(medial eondyle to medial eondyle, and lateral eondyle to lateral eondyle) and one between 
the patella and the patellar snrfaee of the femnr. Together, these joints permit flexion, exten- 
sion, and very limited rotation. Note that the fibnla does not form part of the knee joint. 


3 


The tendon from the quadriceps muscle passes over the 


anterior snrfaee of the joint, embedding the patella, and 
the patellar ligament then eontinnes to its attaehment on the 
anterior snrfaee of the tibia. The patellar ligament and adjaeent 
ligamentons bands snpport the anterior snrfaee of the knee joint. 


4 


The popliteal ligaments and several mnseles that 
originate or insert on the femoral or tibial 
epiphyses reinforee the posterior snrfaee of the joint. 


Quadriceps 

tendon 


Thefìbularcolla- 
teral lígament 

provides lateral 
support. eiinieally, 
it is referred to as 

the lateral 
eollateral 
lìgament (LCL). 


Fibula 



Joint capsule 

Bursa- 


Two poplíteal lìgaments extend 
between the fennur and the heads 
ofthe tibia and fibula. 


Fennur 


The tíbìal eollateral lìgament 

provides medial support. eiinieally, 
it is referred to as the medíal 
eollateral lìgament (MCL). 



Fibular 

eollateral 

ligament 

Tendon 
of bieeps 
femoris 
muscle 
(cut) 


Fibula 


Deep anterior 
view, flexed 


Fibular 

eollateral 

ligament 


Patellar 
surface 
of femur 


j 


Lateral 

eondyle 


Fibula 



Grossing inside the capsule, the 
anteríor crucìate lìgament (ACL) and 
posterìor crucíate lìgament (PCL) 

attaeh the intereondylar area of the 
tibia to the eondyles of the femur. 
These ligaments are named aeeording 
to their position on the tibia. 


Tibial eollateral ligament 


A pair of fibroeartilage pads, the 
medíal and lateral menìseì, lie 

between the femoral and tibial 
surfaces. The menisei aet as cushions 
and provide lateral stabilityto thejoint. 



Deep posterior 
view, extended 


Femur 


Fibular 

eollateral 

ligament 


Fibula 


Within the joint, the anterior erneiate {emeiatnsj eross) 
ligament (ACL) and posterior erneiate ligament (PCL) limit the 
anterior and posterior movement of the tibia and maintain 
alignment of the femoral and tibial eondyles. At full extension, a 
slight lateral rotation of the tibia tightens the ACL and forees 
the lateral meniscus between the tibia and femur. The knee joint 
is then loeked in the extended position; nnloeking requires 
medial rotation of the tibia or lateral rotation of the femur. 


Modyle 8.9 Revíevv 


a. Of the elbow and knee joints, which has menisei? 

b. What signs and symptoms would you expect in a person 
who has damaged the menisei of the knee joint? 

e. Which ligament is a severely hyperextended knee more 
likely to damage: the ACL or the PCL? 


8.9 Deseribe the structure and function of the elbow and knee joints. 
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IVIodule 8.10 


CLINICAL MODULE 


+ 


r 


Arthritìs ean disrupt normal 
joint structure and function 

Joints are snbjeeted to heavy use throughout our lifetime, and problems with joint 
fnnetion are relatively eommon, espeeially in older individnals. Rheumatism 
(RU-muh-tiz-um) is a general term that indieates pain and stiffness affeeting the 
musculoskeletal system. Arthritis (ar-THRl-tis; arthro, joint + itis, inflammation) 
eneompasses all the rhenmatie diseases that affeet synovial joints. Arthritis always 
involves damage to the artienlar eartilage, but the speeifie cause ean vary. Osteoar- 
thritis (os-tè-ó-ar-THRl-tis), also known as degenerative arthritis or degenerative 
joint disease {DJD) is the most eommon form of arthritis. It generally affeets 
individnals age 60 or older. Osteoarthritis ean result from the cumulative effeets of 
wear and tear at joint snrfaees or from genetie faetors affeeting eollagen formation. 

In the U.S. popnlation, 25 pereent of women and 15 pereent of men over age 60 show 
signs of this disease. Two other less eommon types of arthritis are gouty arthritis 
(Module 23.14, p. 909) and rheumatoid arthritis (Module 20.21, p. 778). 



Normal Joint 


Arthritie Joint 



Articular 

eartilage 


LM X 180 



Arthroseopie view of normal eartílage 



Fibrous remains 
of the articular 
eartilage 


Degenerating 

articular 

eartilage 


LM X 180 



Arthroseopie view of damaged eartilage 


This is a normal artienlar eartilage. Its snrfaee is 
smooth and sliek, and a seetional view reveals 
thiek eartilage with a homogeneons matrix. 



This is an artienlar eartilage damaged by osteoarthri- 
tis. The exposed snrfaees ehange from a sliek, 
smooth-gliding snrfaee to a snrfaee eomposed of a rough 
feltwork of bristly eollagen fibers. Such a ehange drastieally 
inereases frietion at the joint, which then promotes fnrther 
degeneration of the artienlar eartilage. 
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3 


There are several options available for examining the structure 


of problematie joints. This is an arthroseopie view of the interior 
of the left knee, showing injnries to the anterior and posterior erneiate 
ligaments. An arthroseope is a narrow, flexible fiberoptie seope 
eontaining a tiny eamera that permits exploration of a joint without 
major surgery. Optieal fibers are thin threads of glass or plastie that 
eondnet light. The fibers ean be bent around eorners, so they ean be 
introdneed into a knee or other joint and moved around, enabling the 
physieian to see inside the joint. If neeessary, additional small ineisions 
ean be made to insert flexible instrnments that permit snrgery inside 
the joint, within view of the arthroseope. This proeednre, ealled 
arthroseopie surgery, has greatly improved the treatment of knee and 
other joint injnries. 



4 


An arthroseope eannot show soft 
tissue details outside the joint eavity. 


and repeated arthroseopy eventnally leads to 
the formation of sear tissue and other joint 
problems. Magnetie resonanee imaging 
(MRI) is a eost-effeetive and noninvasive 
method of viewing, without injury, and 
examining soft tissnes around the joint. 
These are snperior and posterior MRI views 
of the left knee joint. Note the elarity of the 
soft tissue detail. 



Implantation of artifieial joints such as these may be the method of last 
resort when regnlar exercise, physieal therapy, and anti-inflammatory 
drugs (such as aspirin) fail to slow the progress of arthritis. Artifieial joints ean 
restore mobility and relieve pain. People who nndergo joint replaeement snrgery 
will have lifelong restrietions. For example, high-impaet aetivities such as 
jogging, rnnning, and playing football are no longer allowed after a hip or knee 
replaeement. New knees and hips ean last for more than 15 years, espeeially if 
the patient follows restrietions and avoids high-impaet joint stress and strain. 




Artífìeíal shoulder 



Artífíeíal knee 



Artlflelal hlp 


Module 8.10 Revìew 


a. eompare rheumatism with osteoarthritis. 

b. Explain how an arthroseope is used. 

e. VVhatean a person dotoslowthe 
progression of arthritis? 


8.10 Explain arthritis, and deseribe its effeets on joint structure and function. 
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Labelíng 


Label eaeh of the structures 
in the aeeompanying diagram 
of the shoulder joint. 


Label eaeh of the structures in 
the aeeompanying photograph 
of the kneejoint. 



Matehíng 

Mateh eaeh lettered term with the most elosely related deseription. 


a. acetabulum 

b. popliteal ligament 
e. dise outer layer 

d. disloeation 

e. arthritis 

f. dise inner layer 

g. reinforee knee joint 

h. osteoporosis 


27 

28 

29 

30 

31 

32 

33 

34 


Kneejoint posterior 
Articular eartilage damage 
Reduced bone mass 
Cruciate ligaments 
Anulusfibrosus 
Deep fossa 
Nucleus pulposus 
Nursemaid's elbow 


27 

28 

29 

30 

31 

32 

33 

34 


Short answer 



Identify the joints that attaeh the peetoral and pelvie girdles to the axial skeleton. 
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CHAPTER 8 REVIEVV • Joints 


Study Outlìne 


^ SEGTION 1 * Joint Structure and Movement 



Joìnts are elassìfìed aeeordìng to structure and 

movement p. 281 

1. Movement of the skeleton occurs only at joints 
(artìculatìons), which is where two bones meet. 

2. A joint with no movement is ealled a synarthrosìs, a joint 
with little movement is ealled an amphìarthrosís, and a 
freely movable joint is a dìarthrosìs. 

3. The amount of movement at a joint is known as range of 
motìon (ROM). 



Synovìal joìnts are freely movable dìarthroses lìned wìth a 

synovìal membrane p. 282 

4. The eomponents of a synovial joint are artìcular eartìlage, 
a Joínt capsule, and a synovìal membrane. 

5. Synovial fluid lubricates the joint, provides nutrients for 
the ehondroeytes of the articular eartilage, and helps to 
absorb shoeks in the joints. 

6. The aeeessory structures of a complex joint such as the 
knee include bursae, fat pads, meníseì, and aeeessory 
lígaments. 

7. Extreme stresses ean cause joint dìsloeatìon or luxatíon. 



Anatomìeal organìzatìon determìnes the motìon at 
synovìal Joìnts p. 284 

8. Joint movement is determined by the structural 
arrangement of the involved bones. 

9. The types of synovial joints include glídìng, hìnge, pìvot, 
eondylar, saddle, and ball-and-soeket Joìnts. 



\bduction andaddnetion always 
refer to the movements ofthe 
appendicuiar skeieton, not to 
those ofthe axial skeleton. 




Speeìfìe terms deserìbe rotatìon and speeìal 
movements p. 288 


11. Rotations include right rotation, left rotation, lateral 
(external) rotation, medial (internal) rotation, pronation, 
and supination. 

12. Speeial movements include opposition, protraetion, 
retraetion, inversion, eversion, depression, and 
elevation. 


^ SEGTiON 2 * Axial and Appendicular Joints 



Speeìfìe terms are used to deserìbe movements wìth 
referenee to the anatomìeal posìtìon p. 286 

10. Terms used to deseribe joint movements include f1exion, 
extension, hyperextension, iateral f1exion, dorsif1exion 
(flexion at the ankle), plantar f1exion (extension at the 
ankle), abduction, adduction, and circumduction. 



Axìal Joìnts have less range of motìon than appendìcular 
joìnts p. 291 


13. Most of the joints of the axial skeleton are strong and 
permit little movement. 

14. Joints of the appendicular skeleton allowfor extensive 
range of motion, but are often weaker or less stable. 
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CHAPTER 8 REVIEVV • Joints (continued) 




Adjaeent vertebrae have glìdìng dìarthroses between theìr 

artìenlar proeesses and symphyseal Joìnts between theìr 

vertebral bodìes p. 292 

15. The superior and inferior articular proeesses of adjaeent 
vertebrae form gliding joints. 

16. The bodies of adjaeent vertebrae are separated and 
cushioned by pads of fibroeartilage ealled ìntervertebral 
dises forming symphyseal joints. 

17. Vertebral stabilizing ligaments include the lígamentum 
f1avum, the posterìor longìtudìnal lígament, the 
ìnterspìnous lígament, the supraspinous ligament, and the 
anterior longitudinal ligament. 

18. An intervertebral dise ean be distorted into a bulging dise, or 
a herniated dise. 

19. Age-related loss of bone mass is osteopenia. Osteoporosis is 
a loss of bone mass that interferes with normal function. 


23. An acetabular labrum, the ligamentum teres, and the 

pubofemoral,the iliofemoral, and isehiofemoral ligaments 
stabilize the hipjoint. 



The elbow and knee are hìnge Joìnts p. 296 

24. The elbowjoint includes the humeroradial joint and the 
humeroulnar Joint.The proximal radioulnar joint is not part 
oftheelbowjoint. 

25. The kneejoint includesthreeseparatejoints:two between 
the femur and tibia (medial eondyle to medial eondyle, and 
lateral eondyle to lateral eondyle) and one between the 
patella and the patellar surface of the femur. 

26. The ligaments stabilizing the knee joint are the fìbular and 
tibial eollateral ligaments, the anterior and posterior 
cruciate ligaments, and the medial and lateral menisei. 



Arthrìtìs ean dìsrupt normal Joìnt structure and 
functìon p. 298 



Bones beeome 
thinner and 
weaker as a 
normal part of 
aging. Normal 
spongy bone 
isshown 
above. When 
the redaetion 
in bone mass 
eompromises 
normal fanetion, 

the eondition is known as osteoporosis (right). 


The shoulder and hìp are ball-and-soeket Joìnts p. 294 

20. The shoulder joint (glenohumeral joint) is a ball-and-soeket 
joint with the greatest range of motion. 

21. The ligaments stabilizing the shoulderjoint are the 
coracoclavicular, acromioclavicular, eoraeoaeromial, 
coracohumeral, and glenohumeral ligaments. 

22. The depth of the glenoid eavity soeket is inereased by the 

glenoid labrum. 


27. Rheumatism is a general term indieating musculoskeletal 
pain and stiffness. 

28. Arthritis isjoint inflammation. Osteoarthritis is the most 
eommon form of arthritis and is the result of age-related 
wear and tear. Other familiar types are gouty arthritis and 
rheumatoid arthritis. 

29. Problematie joints ean be treated with arthroseopie surgery, 
or joint replaeement. 
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ehapter Revìew Questíons 


True/False 


indieate vvhether eaeh statement is true or false. 



A bursa is a synovial fluid poeket outside of a joint capsule. 



The acromioclavicular joint is an example of a eondylar joint. 



Standing up from a ehair involves hip joint extension and knee joint flexion 



The ligamentum flavum eonneets the laminae of adjaeent vertebrae. 



The nucleus pulposus provides resilieney and shoek absorption to the 
intervertebral dise. 



The ligamentum teres attaehes the head of the humerus into the glenoid 
eavity. 


1 

1 

2 

I 

3 

I 

4 

I 

5 



IVIultíple ehoìee 


Seleet the eorreet ansvver from the list provided. 



The synarthrosis formed betvveen the bones of the skull is a 

Q a) gomphosis. 

Q b) synostosis. 

Q e) symphysis. 

Q d) suture. 



The joint betvveen adjaeent vertebral bodies is a 

Q a) synostosis. 

Q b) syndesmosis. 

Q e) symphysis. 

Q d) gomphosis. 



The joints typieally loeated at the end of adjaeent long bones are 

Q a) synarthroses. 

Q b) amphiarthroses. 

Q e) diarthroses. 

Q d) symphyses. 



The function of articular eartilage is to 
Q a) reduce frietion. 

Q b) prevent bony surfaces from eontaeting one another. 
Q e) provide lubrication. 

Q d) both a and b 



VVhieh of the follovving is nof a function of synovial fluid? 
Q a) shoekabsorption 
Q b) nutrient distribution 
Q e) lubrication of articular surfaces 
Q d) maintenanee of ionie balanee 



A disloeation of an articulating surface is 

Q a) circumduction. 

Q b) hyperextension. 

Q e) luxation. 

Q d) supination. 



Abduction and adduction alvvays referto movements of the 

Q a) axial skeleton. 

Q b) appendicular skeleton. 

Q e) skull. 

Q d) vertebral column. 



Rotation of the radius that makes the palm faee posteriorly is 

Q a) supination. 

Q b) pronation. 

Q e) protraetion. 

Q d) inversion. 



A ballerina standing on hertoes is performing vvhieh aetion of the 
ankle joint? 

Q a) dorsiflexion 
Q b) plantar flexion 
Q e) inversion 
Q d) eversion 



inereasing the angle betvveen bones is 

Q a)flexion. 

Q b) extension. 

Q e) hyperextension. 

Q d) abduction. 
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CHAPTER 8 REVIEVV • Joints (continued) 



The hip is an extremely stable joint because it has 

Q a) a eomplete bony soeket. 

Q b) a strong articular capsule. 

Q e) supporting ligaments. 

Q d) all of the above 



Although the knee is only eonsidered to be onejoint, how many 
separate joints does it actually eontain? 

Q a) two 
Q b) three 
Q e) four 
Q d) five 



Movement of a limb away from the longitudinal axis of the body is 

Q a) abduction. 

Q b) adduction. 

e) hyperextension. 

Q d) protraetion. 



The head of the radius is attaehed to the ulna by the 

Q a) radial eollateral ligament. 

Q b) ulnar eollateral ligament. 

Q e) annular ligament. 

Q d) medial cruciate ligament. 


Short answer 



Differentiate between a bulging dise and a herniated dise. 



Explain how articular eartilage differs from other eartilage in 
the body. 



List the six different types of diarthroses, and give an 
example of eaeh. 



Deseribe how a meniscus functions in a joint. 



Distinguish between osteopenia and osteoporosis. 


MasteringA&P® 

Aeeess more ehapter study tools online in the MasteringA&P Study Area: 

■ ehapter Quízzes, Ghapter PraetieeTest, Art-labeling Aetivities, 
Anímatíons, MP3 Tutor Sessions, and Glínieal Case Studies 


\ 


■ Praetiee Anatomy Lab 

PAi: 

■ interaetive Physiology 
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■ A&P Flix 

AáPFUx 

■ PhysioEx 

PhysioEx 
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ehapter Integratìon • Applyíng what you have learned 


A 65-year-old avíd golfer eonsiders total knee 
replaeement sorgery to address ehroníe paín 

Jon loved his golf. He loved the feel of just being out on a golf course. Even into his 
early 60s he still played; his only eoneession to age—and to a ehronieally aehing 
knee—was pnshing his bag on a wheeled eart instead of earrying his bag over his 
shonlder. He ehalked the bum knee up to aging and managed the pain with wraps, 
ibnprofen, iee, and hot baths. For years his family physieian had been urging him 
to eonsider a knee replaeement, beeanse advanees in the proeednre made it almost 
miraculous in relieving pain and allowing near-normal aetivity. Finally realizing that 
the pain would only get worse and that he might be prevented from enjoying his golf 
Jon did some researeh on knee replaeement snrgery, or knee arthroplasty. 

Arthroplasty is used as a last resort when other treatments, such as physieal 
therapy and anti-inflammatory drugs, do not relieve the signs and symptoms, and 
when the patient s diseomfort beeomes intense. In knee arthroplasty, a total knee 
disseetion is performed, and damaged eartilage and bone, inelnding the patella, are 
removed. The removed natnral structures are replaeed by synthetie structures made 
of metal and plastie—typieally, a plastie patella rubs against the metal snrfaees over 
the distal femur and proximal tibia. In the United 
States, the average age for a patient nndergoing 
joint replaeement is about 65-70 years. After 
reading about the surgery and speaking with 
several friends who had had the proeednre, Jon 
deeided to nndergo knee arthroplasty. Here is an 
x-ray of Jons knees taken 6 months after snrgery. 

He ean now walk without pain, and has retnrned to 
golf—althongh his game remains as bad as ever. 





Which bones eompose the functioning knee joint? 

What purpose would physieal therapy serve for a person 
suffering from joint pain? 




eiassify the knee joint in terms of function and structure, and 
indíeate the types of movements possible at this joint. 

Prediet which aetivities may be restrieted following a total 
knee arthroplasty. 



Assess a hígh-sehool quarterback's shoulder ínjury 

Tommy is the quarterback on his high sehool football team. Trailing by four points late in the 
game, he ealls for a long pass play. After taking the snap, he drops baek and looks downfìeld for an 
open reeeiver. His linemen bloek as best they ean, but are not able to eover the blitzing linebaeker. 
To avoid a saek, Tommy eoeks baek his arm and tries to rifle a pass to his tight end downfield. At 
the exact moment Tommy elevates the ball to throw, the linebaeker is on him. The linebaeker 
knoeks the ball loose by ehopping down onto Tommy s arm midway between his shonlder and 
elbow joints. When Tommy s arm is hit, he feels intense pain in his shonlder. As he runs to the 
sidelines in extreme diseomfort, he is eompletely unable to move his shonlder joint.Using what 
you have just learned about joints and joint structure, answer the following questions. 



Do you thinkTommy suffered a shoulder dísloeation or a shoulder separatíon? 

Which bones, ligaments, and joint structures would you expect to be affeeted in Tommy's injury? 

Would you expectTommy's injury to heal eompletely, or has he incurred a long-term joint 
instability? 
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LEARNING OUTCOMES 


These Learning 
Onteomes 
eorrespond 
by nnmberto 
this ehapter's 
modnles and 
indieate what 
you shouid be 
able to do after 
eompleting 
the ehapter. 


(S) 

Learning Onteomes 
arerepeated atthe 
bottomofeaeh 
module. 


^ SEGTION 1 


Functìonal Anatomy of Skeletal IVIuscle Tìssue 



9.6 

9.7 


Deseribe the functions of skeletal muscle tissue. 

Deseribe the organization of skeletal muscle at the tissue level. 

Identify the structural eomponents of a sareomere. 

Deseribe the structural eomponents of a thin filament and a thiek filament. 

Deseribe a major eharaeteristie of excitable membranes and its importanee in generating 
an aetion potential. 

Identify the eomponents of the neuromuscular junction, and summarize the events 
involved in the eontrol of skeletal muscles by motor neurons. 

Deseribe the role of ATP in a muscle eontraetion, and explain the steps involved in the 
eontraetion of a skeletal musclefiber. 


^SECTION2 


Functìonal Propertíes of Skeletal Mnsele 


9.8 

9.9 

9.10 

9.11 

9ÌÍ2 

9.13 

9.14 

9ÌÍ5 


Deseribe how muscle tension develops with respeet to neural eontrol and excitation- 
eontraetion coupling. 

Deseribe the meehanism responsible for tension production in a muscle fiber, and 
discuss the faetors that determine the peak tension developed during a eontraetion. 

Discuss the faetors that affeet peak tension production during the eontraetion of an 
entire skeletal muscle, and explain the signifieanee of the motor unit in this proeess. 

Gompare the different types of muscle eontraetions. 

Deseribe the meehanisms by which muscle fibers obtain the energy to power 
eontraetions. 

Deseribe the faetors that contribute to muscle fatigue, and discuss the stages and 
meehanisms involved in the muscle's subsequent reeovery. 

Relate the types of muscle fibers to muscle performanee. 

Q CLINICALI\/IODULE Explain the physiologieal faetors responsible for muscle 
hypertrophy, atrophy, and paralysis. 
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SECTION 1 • Fuiictìonal Anatomy of Skeletal MuscleTìssue 


Skeletal muscle tissue enables body 
movement and other vital functions 


Muscle tissue, one of the four primary tissue types, eonsists ehiefly of 
muscle eells that are highly speeialized for eontraetion. Without the three 
types of muscle tissue—skeletal, eardiae, and smooth—nothing in the 
body would move, and no body movement could occur. In this ehapter 
we eonsider the structure and fnnetion of skeletal muscle tissue. Eaeh 
eell in skeletal muscle tissue is a single muscle fiber. Skeletal muscles 
are organs eomposed primarily of skeletal muscle tissue plus eonneetive 
tissnes, nerves, and blood vessels. Skeletal mnseles are direetly or 
indireetly attaehed to bones and have several fnnetions, as detailed 
in the list of fnnetions at right. 

l\/luscleTissue 


Skeletal l\/luscleTíssue 

Skeletal muscle tissue eontraetions are 
under voluntary eontrol. They move the 
body by pulling on bones, thus making it 
possible for us to walk, danee, bite an 
apple, or play the piano. 



Gardíae l\/luscleTíssue 

Gardiae muscle tissue is involuntary and 
is found in the heart. When it eontraets, 
blood is pumped through the blood 
vessels. 

SeeGhapter 19. 



Smooth l\/luscleTíssue 

Smooth muscle tissue is involuntary and 
is found in the walls of hollow organs. In 
the digestive traet it moves fluids and 
solids. As a lining in small arteries, it 
regulates vessel diameter. 

5ee Chapter22. 



Functlons of Skeletal 
MuscleTissue 


• Produce Skeletal Movement. Skeletal 
muscle eontraetions pull on tendons and 
move the bones. The effeets range from 
simple motions such as extending the arm 
or breathing, to the highly eoordinated 
movements of swimming, skiing, or typing. 

• Maìntaìn Posture and Body Posìtìon. 

Tension in skeletal muscles stabilizes 
joints to help maintain body posture—for 
example, holding your head still when 
you read a book, or balaneing your body 
weight above your feet when you walk. 
Without eonstant muscular aetivity, you 
could neither sit upright nor stand. 

• Support Soft Tìssues. The abdominal wall 
and the floor of the pelvie eavity eonsist 
of layers of skeletal muscle.These muscles 
support the weight of viseeral organs and 
shield internal tissues from injury. 

• Guard Body Entranees and Exits. Skeletal 
muscles (sphineters) eneirele the openings 
of the digestive and urinary traets.They 
provide voluntary eontrol over swallowing, 
defeeation, and urination. 

• Maìntaìn BodyTemperature. Mosele 
eontraetions require energy; whenever 
energy is used in the body, some of it is 
eonverted to heat.The heat released by 
working muscles keeps body temperature 
in the range required for normal 
functioning. 

• Províde Nutrìent Reserves. When the 
diet does not eontain sufficient protein or 
ealories, the eontraetile proteins in skeletal 
muscles are broken down into amino aeids, 
which are released into the circulation. 
Some of these amino aeids ean be used by 
the liver to synthesize glucose; others ean 
be broken down to provide energy. 


In this seetion we examine the fnnetional anatomy of a typieal 
skeletal mnsele. We will plaee partienlar emphasis on the 
mieroseopie structural features that make eontraetions possible. 


Modyle 9.1 Revíew 


a. Name the three types of muscle tissue, identify 
where they are found, and list their functions. 

b. Which muscle types are voluntary, and which 
are involuntary? 

e. Describethefunctions of skeletal muscle 
tissue. 


9.1 Deseribe the functions of skeletal muscle tissue. 
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Module 9.2 


r 


A skeletal nnuscle eontaìns skeletal mosele tissue 
eonneetíve tíssues. blood vessels. and nerves 


Structure of a Skeletal Muscle 


Perimysiym 


IVlysele 

■rr-í X" I 



Endomysium 


The epìmysmm (ep-i-l\/llZ-è-um; epi-, on -i- 
mys, muscle), a dense layer of eollagen fibers, 
surrounds the entire muscle. The epimysium 
separates the muscle from surrounding 
tissues and organs. It is eonneeted to the 


deep faseia, a dense eonneetive tissue layer. 


Nerve 

l\/luscle fibers 


Blood vessels 


At the ends of a skeletal muscle, eollagen 
fibers of the eonneetive tissue layers 
merge to form either a bundle known as 
a tendon, or a broad sheet ealled an 
aponeurosìs (ap-ó-nu-RO-sis) (l\/lodule 
10.6, p. 352). Atendon attaehesthe 
muscle to a speeifie point on a bone. An 
aponeurosis provides attaehment over a 
broad area that may involve more than 
one bone. \Nheve they eontaet the bone, 
eollagen fibers extend into the bone 
matrix, providing a firm attaehment, so 
that any eontraetion of the muscle will 
exert a pull on the attaehed bone or 
bones. 





A skeletal muscle is a complex organ eontaining skeletal 
mnsele fibers (mnsele eells), the eonneetive tissnes that 
harness the forees of eontraetion, the blood vessels that nonrish 
the mnsele fibers, and the nerves that eontrol the eontraetions. 


Mosele fiber 



The perìmysìum (per-i-MIZ-é-um; peri-, 
around) is a fibrous layer that divides the 
skeletal muscle into a series of eompart- 
ments. In addition to possessing eollagen 
and elastie fibers, the perimysium 
eontains blood vessels and nerves that 
maintain blood flow and innervate 
(supply) the muscle fibers within the 
faseieles. 


Endomysium 


A muscle faseiele (FAS-i-kl; fasciculus, a bnndle) is a 
bnndle of mnsele fibers. The fibrons perimysinm layer 


separates the faseieles from eaeh other. 



Gapillary Myofibril 



The endomysìum (en-dó-MIZ-è-um ) is a 
thin layer of areolar eonneetive tissue that 
surrounds eaeh muscle fiber. It loosely 
intereonneets nearby muscle fibers. Eaeh 
muscle fiber eontains bundles of protein 
filaments ealled myofibrils. 


Axon of neuron 


Myosatellìte eells are stem eells that 
function in the repair of damaged muscle 
tissue. 


Individnal muscle fibers are sheathed in a delieate 
endomysinm that eontains eapillaries, myosatellite eells, 
and the axons of the nenrons that eontrol the mnsele fibers. 
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Skeletal l\/luscle Development 

During development, groups of embryonie eells ealled myoblasts 
{myO', muscle + blastos, formative eell) fuse, forming multinucleate 
eells. These large eells then develop into distinetive skeletal muscle fibers. 
Eaeh nucleus in a skeletal muscle fiber represents the eontribntion of a 
single myoblast. Some myoblasts, however, do not fuse with 
developing muscle fibers. These unfused eells remain in 
the endomysinm of adult skeletal muscle tissue as 
myosatellite eells. After an injury, myosatellite eells 
may enlarge, divide, and fuse with damaged 
muscle fibers, helping to repair the tissue. 




Myoblasts 


Muscle fibers develop through the 
fusion of embryonie mesodermal 
eells ealled myoblasts. 


Myosatellite eell 


Nuclei 


lmmature 
muscle fiber 



Over time, most of the myoblasts fuse 
together to form larger multinucleate eells. 
However, a few myoblasts remain within the 
tissue as myosatellite eells, even in adults. 


Myosatellite eell 



The multinucleate eells begin 
differentiating into skeletal 
muscle fibers as they enlarge and 
begin producing the proteins 
involved in muscle eontraetion. 


Up to 30 em 
in length 





Mature skeletal muscle fibers are enormous. A muscle fiber 
from a thigh muscle could have a diameter of 100 pm and be 
as long as 30 em (12 inehes). Eaeh skeletal muscle fiber eontains 
hnndreds of nuclei adjaeent to the plasma membrane. The genes 
in these nuclei eontrol the prodnetion of enzymes and structural 
proteins required for normal muscle eontraetion, and the more 
eopies of these genes, the faster these proteins ean be prodneed. 


Myofibrils 


Sareoplasm 


Mitoehondria 


Sareolemma 



Striations 

Nuclei 


Skeletal muscle fibers are so unusual that speeial terms are used to deseribe 
them. The plasma membrane is ealled the sareolemma (sar-kó-LEM-uh; 
sarkos, flesh + lemma, husk), and the eytoplasm is ealled sareoplasm (SAR-kó-plazm) 
(Module 3.2, p. 88). Most of the sareoplasm eonsists of myofibrils. 



Modyle 9.2 Revíew 


a. Define tendon and aponeurosis. 

b. Deseribe the eonneetive tissue layers 
assoeiated with skeletal muscle tissue. 

e. How would severing thetendon 
attaehed to a muscle affeet the 
muscle's ability to move a body part? 


9.2 Deseribe the organization of skeletal muscle at the tissue level. 
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Module 9.3 


r 


Skeletal muscle fìbers have eontraetíle myofìbrìls 
eontaíning hundreds to thousands of sareomeres 


A myofibril is a eylindrieal structure 1-2 (im in 
diameter and as long as the entire fiber. The 
sareoplasm of a single skeletal muscle fiber may eontain 
hnndreds to thonsands of myofibrils. Beeanse eaeh 
myofibril has a banded appearanee and the fiber is 
jam-paeked with myofibrils lying side-by-side, the 
entire muscle fiber appears to have light and dark 
bands, or striations. 



Myofibril 


y 


ìfiaVit 


Sareolemma 


V***í«} 

*••*••• 




\ 




I k 


Nuclei 


• f' 


Striations 






■ ■ j 


-• 4 


- * 


Sareoplasm 


Skeletal musclefíber 


2 


Myofibrils eonsist of bnndles of protein 
filaments ealled myofilaments. The 


most abnndant myofilaments are thin 
filaments eomposed primarily of aetin, 
and thiek filaments eomposed primarily 
of myosin. 


Myofibril 


Thin filament 
Thiekfilament 



Sareolemma 



Numerous mitoehondria are 
seattered among the myofibrils. 


3 


The myofilaments within eaeh 
myofibril are arranged into repeating 


eontraetile units ealled sareomeres 
(SAR-kó-mèrz; sarkos, flesh + meros, part). 
Eaeh myofibril eonsists of approximately 
10,000 sareomeres aligned end to end. 
Eaeh sareomere has a resting length of 
about 2 pm. 




Myofibril 


In a resting sareomere, the H 
band is a lighter region on 
either side of the M line.The H 
band eontains thiek filaments, 
but no thin filaments. 



















In the zone of 
overlap, thin 
filaments are 
arranged in a 
6:1 ratioaround 
eaeh thiek 


filament. 



The A band is 

the dense 
region of the 
sareomere that 
eontains thiek 


filaments. 


Eaeh I band, which 
eontains thin filaments 
but no thiek filaments, 
extends from the A band 
of one sareomere to the 


A band of the next. 



1 1 

\/ 1 1 \ 



■ ■ ■ 

\ Saree 

)mere 


The M line 

eonneetsthe 
eentral portion 
of eaeh thiek 
filament. 


Z lines markthe boundary 
between adjaeent sareomeres. 

Z lines eonsist of proteins ealled 
aetinins, which intereonneet thin 
filaments of adjaeent sareomeres. 
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The sareolemma separates the sareoplasm from the surrounding interstitial 


fluid. Negative eleetrieal eharges are on the internal snrfaee and positive 
eleetrieal eharges are on the external snrfaee. This uneven distribntion of eleetrieal 
eharges depends on the seleetive permeability of the plasma membrane. In skeletal 
muscle fibers, the distribution of eleetrieal eharges ean ehange markedly with 
ehanges in membrane permeability. In faet, a sudden reversal in eharge distribntion 
is the first step that leads to a muscle eontraetion. These ehanges, triggered by the 
aetivity of a nerve eell (neuron) at one loeation on the sareolemma, are swiftly 
propagated (spread) aeross the entire sareolemma of the muscle fiber. 


Transverse tubules, or T tubules, are 

narrow tubes that are continuous with 
the sareolemma and extend into the 
sareoplasm at right angles to the eell 
surface.T tubulesform passageways 
through the muscle fiber, like a network 
of tunnels through a mountain. 


Inside the sarcoplasm,T tubules 
eneirele eaeh sareomere at the 
zones of overlap. VVherever a 
transverse tubule eneireles a 
myofibril, the tubule is tightly 
bound to the membranes of the 
sareoplasmie reticulum. 


o 


o 


Gytosol 


o 


o 


o 


o 


o 


Sareoplasmie reticulum (SR) 


o 



o 


o 



Ca2+ 


X 



The sareoplasmìe retículum (SR), similar to 
the smooth endoplasmie reticulum of other 
eells, forms a tubular network around eaeh 
individual myofibril. On either side of a T 
tubule, the tubules of the SR enlarge, fuse, 
and form expanded ehambers ealled termínal 
eìsternae (sis-TUR-né). 



Gated calcium 
ehannel (elosed) 


Calcium ion 
pump 


Transverse tubule 


Terminal eisternae 


The eombination of a pair 
of terminal eisternae plus a 
transverse tubule is known as a 
triad. Although the membranes 
of the triad are tightly bound 
together, their fluid eontents 
are separate and distinet. 


5 


The membrane of the SR eontains ion pumps that pump calcium ions from 


the eytosol into the SR. (To be preeise, we use the term eytosol, instead of 
sareoplasm, because sareoplasm includes the eytosol and the organelles. Releasing 
Ca2+ into the sareoplasm implies they are released into the entire sareoplasm, 
including the SR.) In the SR, some of the calcium ions remain free in solution; the 
rest beeome reversibly bound to the protein calsequestrin. Including both the free 
calcium and the bound calcium, the total eoneentration of Ca2+ within terminal 
eisternae in a resting (inaetive) skeletal muscle fiber ean be 40,000 times that of the 
surrounding eytosol. A muscle eontraetion begins when stored calcium ions are 
released into the eytosol through gated calcium ehannels. 


Modyle 9.3 Revíew 


a. Deseribe the structural eomponents of 
a sareomere. 

b. Definetransversetubules. 

e. VVhere would you expect the greatest 
eoneentration of Ca2+ to be in a resting 
skeletal musclefìber? 


9.3 Identify the structural eomponents of a sareomere. 
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Module 9.4 

j 


The slìdìng filannent theory of muscle 
eontraetíon involves thìn and thíek fìlaments 


A longitudinal seetion of a sareomere 
enables us to examine the structure 
and organization of the thin and thiek 
filaments in greater detail. 



Myofibril 


Z line 


Thin filament 


Thiekfilament 


Structure ofThín Filaments 


<APJ 




Aetinin 


Z line 



At either end of the sareomere, the thin 
filaments are attaehed to the Z line. Aetinin 
intereonneets the thin filaments at the Z line, 
ereating an open meshwork at the end of the 
sareomere. A typieal thin filament is 5-6 nm in 
diameter and 1 pm long. As indieated in the 
magnified view below, eaeh filament is 
primarily eomposed of aetin, which is 
assoeiated with other interaeting proteins. 



F-aetin (filamentous 
aetin) is a twisted strand 
eomposed of two rows 
of 300-400 individual 
molecules of G-aetin 
(globular aetin). 


Aetive site 


Nebulín is a large 
protein that extends 
along the F-aetin strand 
in the eleft between the 
rows of G-aetin 
molecules. It holds the 
F-aetin strand together. 


Eaeh G-aetín molecule 
eontains an aetíve site 
to which myosin ean 
bind.This is much like a 
substrate molecule 
binding to an enzyme's 
aetive site. 




Strands of tropomyosin 

(tró-pó-MÌ-ó-sin; tropos, turning) eover 
the aetive sites on G-aetin and prevent 
aetin-myosin interaetion. A tropomyo- 
sin molecule is a double-stranded 
protein that is bound to one molecule 
of troponin midway along its length. 


Atroponin (TRÒ-pó-nin) 
molecule eonsists of three 
globular subunits. One 
subunit binds to tropomyosin, 
loeking them together as a 
troponin-tropomyosin 
complex. A seeond subunit 
binds to one G-aetin, holding 
the troponin-tropomyosin 
complex in position. And the 
third subunit has a reeeptor 
that binds two calcium ions. 
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Structure of Thkk Filaments 


2 


Thiek filaments are 10-12 nm in diameter and 1.6 \im long. 
A thiek filament eontains about 300 myosin moleenles, eaeh 


made up of a pair of myosin subunits twisted around one another. 
All the myosin molecules are arranged with their tails pointing 
toward the M line. The myosin heads are arranged in a spiral, eaeh 
faeing one of the surrounding thin filaments. There are no myosin 
heads in a small area on either side of the M line. 


Eaeh thiekfilament has a eore of titin. From either end of 
the thiek filament, a strand of titin eontinnes aeross the 
I band to theZ lineon that side.The portion ofthetitin 
strand exposed within the I band is elastie and reeoils 
after stretehing. In the normal resting sareomere, the titin 
strands are eompletely relaxed; they beeome tense only 
when some external foree stretehes the sareomere. 



Thiekfilament 


M line 


Slíding FilamentTheory 


• 

Eaeh long myosin 

The eonneetion f 

■ 

taìl is bound to 

between the head | 

other myosin 

and the tail aets as a | 

molecules within 

hinge that lets the j 

the thiekfilament. 

head pivot at its base. I 


The free head 

has two globular 
protein subunits. 
During eontrae- 
tion, the myosin 
heads interaet 
with the thin 
filaments. 


3 


When a skeletal muscle fiber eontraets, thin filaments slide past the thiek 
filaments. In this proeess, (1) the H bands and I bands get smaller, (2) the zones 


of overlap get larger, (3) the Z lines move eloser together, and (4) the width of the A 
band remains eonstant. This explanation is known as the slídíng fílament theory. 


I band A band I band A band 



Zline H band Zoneof Zline Zline H band Zoneof Z line 

overlap overlap 

Sareomere at rest Sareomere eontraetíon and fílament slídíng 


4 


During a eontraetion, sliding occurs in every sareomere along a 
myofibril, so the myofibril gets shorter. Beeanse myofibrils are 


attaehed to the sareolemma at eaeh Z line and at either end of the 
muscle fiber, when myofibrils shorten, so does the muscle fiber. 




Modyle 9.4 Revìew 


a. Deseribetheeomponentsofthin 
filaments and thiekfilaments. 

b. Whydoyou thinkthezoneofoverlap is 
an important region of the sareomere? 

e. Summarize the sliding filament theory. 


9.4 Deseribe the structural eomponents of a thin filament and a thiek filament. 
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Module 9.5 


r 


Skeletal inuscle fìbers and neurons have excitable 
plastna tnembranes that produce and earry eleetríeal 
ímpulses ealled aetíon potentíals 


Here we discuss the eleetrieal nature of eells, what an aetion potential is, 
and how it is propagated along the axon of a neuron or sareolemma of a 
skeletal muscle fiber. 



Like miniature 
batteries with 
positive and negative 
eleetrieal poles, all the 
eells of the body are 
polarized. A eelfs 
polarization is due to 
an unequal distribn- 
tion of positive and 
negative eharges 
aeross its plasma 
membrane. 


+ 


+ 


+ 


+ 


+ 


+ 


Extracellular fluid 


Plasma membrane 


+ 



+ 


Gytosol 


+ 


Resting 

potential 


-70 mV 


+ 



+ + + + + + + + + + + +^L + 



+ 


+ 



+ 


+ 


+ 


The eharge separation represents potential 
energy, or a potential differenee, and the eell 
is said to be polarìzed. We refer to the 
potential differenee aeross the plasma 
membrane as the membrane potentìal, or 
transmembrane potential. A eelTs membrane 
potential is measured in millivolts (mV). It 
eompares the inner membrane eharge with 
the outer membrane eharge. In undisturbed 
neurons and skeletal muscle fibers, typieal 
restìng potentìals are about -70 mV and 
-85 mV, respeetively. 


For a resting eell, the inside surface of its 
plasma membrane has a slight negative 
eharge with respeet to its outside surface. 
Although the positive and negative eharges 
are attraeted to eaeh other, the plasma 
membrane keeps them apart. 


2 


Plasma mem- 
branes are 


seleetively permeable, 
and the eytosol and 
extracellular fluid 
(ECF) differ in 
eomposition. 


Although there is an 
excess of negatively 
eharged ehloride ions 
(Cl“) in the ECF, little 
diffusion of these ions 
occurs aeross the 
plasma membrane. 


The main contributors 
of negative eharges 
within a eell are proteins 
that eannot eross the 
plasma membrane. 


The main contributors of positive eleetrieal 
eharges are sodium (Na”^) and potassium (K+) 
ions. There is an excess of Na”^ outside of a 
eell (in the ECF) and an excess of inside a 
eell (in the eytosol). 




Extracellular fluid 



There is a eonstant low rate of diffusion of Na”^ and 
K”^ down their eoneentration gradients aeross the 
membrane. Both require ion-specific"leak" 
membrane ehannels to eross the plasma membrane. 
Potassium ions eross the membrane more easily 
than sodium ions. However, sodium-potassium ion 
pumps eonstantly export 3 Na”^ from the eell and 
import 2 K”^ to maintain the eelTs resting potential. 



© 





Cl 


© 




+ 


© 


Plasma 

membrane 



© 




K+ leak 
ehannel 



© 




Na”^ leak 
ehannel 



V/ 



© 


eytosol 


© 


© 



© 



© 



© 
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Neurons and skeletal muscle fibers have eleetrieally excitable membranes. 
Such membranes eontain voltage-gated ehannels that are aetivated (or 


inaetivated) by ehanges in the membrane potential. Ghanges in the ion mem- 
brane permeability of a eell ean temporarily reverse the distribntion of eleetrieal 
eharges aeross the plasma membrane. 

The events that prodnee an aetion 
potential begin at 



Depolarization 


Repolarization 



Onee the threshold is 
reaehed, voltage-gated 
Na”^ ehannels open and 
positively eharged sodium 
ions rush into the eell. 

The membrane potential 
beeomes positive and 
the eell is said to be 
depolarìzed. 



Start 




A eharge reversal begins 
with a small inerease in 
sodium ion membrane 
permeability up to a set 
threshold (-55 mV in 
neurons). 


-I- 30 mV 


Membrane 

potential 

(mV) 


-55 mV 
Threshold 


- 70 mV 
Resting 
potential 



Refraetory period 


Time (msee) 






3 






The depolarization peaks at a membrane 
potential of -i-30 mV, at which point the 
voltage-gated Na”^ ehannels elose and 
voltage-gated K+ ehannels open. As 
potassium ions move out of the eell, 
repolarízatìon (returning to the polarized 
state) begins. 



Rapid repolarization continues until the 
resting potential is reaehed, when the 
voltage-gated K+ ehannels begin elosing. 





r 

L 

5 

1 

i 





As the voltage-gated K+ ehannels elose, the 
membrane potential stabilizes at resting 
levels and is onee again negative. After 
the refraetory perìod (a time when the 
membrane eannot respond to another 
stimulus), the former eoneentrations of 
sodium and potassium ions aeross the 
plasma membrane are restored. A seeond 
depolarization eannot occur until the 
refraetory period is over. 


Depolarizing 
stimulus initiating 
aetion potential 





Direetion of aetion potential 



Oseilloseope 
showing aetion 
potential 


Neuronal axon or 
skeletal muscle eell 


In most eells, the depolarization and repolarization of a plasma membrane 
is a loealized ehange that does not spread aeross the entire plasma mem- 
brane. However, nenrons and skeletal muscle fibers have eleetrieally excitable 
membranes, and the initial depolarization and repolarization events prodnee an 
eleetrieal impnlse, or aetìon potential, that is propagated along their plasma 
membranes. The opening and elosing of voltage-gated Na+ ehannels and the 
subsequent opening and elosing of voltage-gated K+ ehannels generate an aetion 
potential in less than 2 msee. An aetion potential travels in one direetion beeanse 
the refraetory period prevents it from propagating baek in the direetion from 
where it was initiated. Excitable membranes permit rapid eommnnieation 
between different parts of a eell. 



Modale 9.5 Revìew 


a. Deseribe the distribution ofeharges on 
either side of the plasma membrane for 
a resting (polarized) eell. 

b. Explain thefunction ofsodium- 
potassium ion pumps. 

e. Define depolarization, and deseribe 
the events that follow it. 


9.5 Deseribe a major eharaeteristie of excitable membranes 
and its importanee in generating an aetion potential. 
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Module 9.6 

j 


A skeletal muscle fìber eontraets 
when stímulated by a motor neuron 


Skeletal muscle fibers eontraet only under 
the eontrol of the nervons system. Eaeh 
skeletal muscle fiber is eontrolled by 
the nervons system at a speeialized site 
known as a neuromuscular junction 
(NMJ), loeated midway along the muscle 
fiber s length. The NMJ is made up of an 
axon terminal (synaptie terminal) of a 
motor neuron, a speeialized region of the 
sareolemma ealled the motor end plate 
and, in between, a spaee ealled the synaptie 
eleft. A motor neuron is a nerve eell that 
propagates an eleetrieal impnlse from the 
nervons system to skeletal muscle fibers. 


Watch 




MasteringA&P* A^PFJìjí 


N/ 


Events at the Neuronnuscular Junction 




The nnotor end plate eontains 
membrane reeeptors that 
bind ACh. It has deep ereases 
ealled junctìonal folds, 
which inerease its surface 
area and thus the number of 
available ACh reeeptors. 


Motor end 


Axon terminal 


Sareoplasmie 

reticulum 


Myofibril 


Motor neuron 


Path of eleetrieal 
impulse (aetion 

potential) 



Neuromuscular 

junction 


Myofibril 


Motor end plate 


The synaptìe eleft, a 

narrow spaee, separates 
the axon terminal of the 
neuron from the opposing 
motor end plate. 


Vesieles 


• • 



eontaining 
ACh (red) 



2 


The eytoplasm of the axon terminal 
eontains vesieles filled with 


moleenles of aeetyleholine (as-e-til- 
KO-lèn), or ACh. Aeetyleholine is a 
nenrotransmitter, a ehemieal released by a 
neuron to ehange the permeability or other 
properties of another eelTs plasma mem- 
brane. The synaptie eleft and the sareo- 
lemma eontain moleenles of the enzyme 
aeetyleholinesterase (AChE), which 
breaks down ACh. 



T tubule 


Sareoplasm 


Sareoplasmie 
reticulum (SR) 


# • 4 ■ t 


•vCa 







A single axon may braneh to eontrol more 
than one skeletal muscle fiber, but eaeh 
muscle fiber has only one NMJ. At the NMJ, the 
axon terminal of the neuron lies near the motor 
end plate of the muscle fiber. 


8 


As the aetion potential sweeps down 


eaeh T tubule and passes between 
the terminal eisternae, the SR s permeabil- 
ity ehanges, and ealeinm ions flood into 
the sareomeres at the zones of overlap. 
This event, ealled excitation-contraction 
eonpling, triggers the eontraetion of the 
muscle fiber (Module 9.7). 
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Arriving aetion Sareolemma of 

potential motor end plate 




The stimulus for ACh release is the 
arrival of an eleetrieal impnlse, or 

4 

When the aetion potential reaehes 
the nenrons axon terminal. 

jJ 


aetion potential, at the axon terminal An 
aetion potential is a sndden ehange in the 
membrane potential that travels along 
the length of the axon. 


ehanges in the membrane permeability 
trigger the exocytosis of ACh into the 
synaptie eleft. Exocytosis oeenrs as the 
synaptie vesieles fuse with the neuron s 
plasma membrane. 


ACh moleenles diffnse aeross the 
synaptie eleft and bind to ACh 
reeeptors on the snrfaee of the motor end 
plate. ACh binding alters the membrane s 
permeability to Na+. Beeanse the extracel- 
lular fluid eontains a high eoneentration 
of Na+, and Na+ eoneentration inside the 
eell is very low, sodium ions rush into the 
sareoplasm. 






7 


The aetion potential generated at 
the motor end plate now sweeps aeross 




ì 


I b 


the entire membrane snrfaee. The effeets are almost 
immediate beeanse an aetion potential is an eleetrieal 
event that flashes like a spark aeross the sareolemmal 
snrfaee. The effeets are brief beeanse the ACh has been 
removed, and no fnrther stimulus aets upon the motor 
end plate until another aetion potential arrives at the 
axon terminal. 


Aetion 
potential 






Breakdown 
of ACh 


6 


The sudden inrush of sodium ions 
generates an aetion potential in the 
sareolemma. ACh either diffnses away 
from the site or AChE quickly breaks it 
down in the synaptie eleft, thus inaetivat- 
ing the ACh reeeptor sites. 


l\/lodule 9.6 Revìew 


a. Deseribethe neuronnuscularjunction. 


b. How would a drug that bloeks aeetyleholine 
release affeet muscle eontraetion? 


e. Prediet what would happen if there were no 
AChE in the synaptie eleft. 


9.6 Identify the eomponents of the neuromuscular junction, and summarize 
the events involved in the eontrol of skeletal muscles by motor neurons. 
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Module 9.7 


r 


Watch 


A muscle fiber eontraetion uses 
ATP in a eyele that repeats 
during the eontraetion 


MasteringA&P* 

A^PFJÌJí 

The Cross-Bridge Cycle 


Resting Sareomere 



In the resting sareomere, eaeh myosin head is 
already' energized”—eharged with the energy that 
will be used to power a eontraetion. Eaeh myosin 
head points away from the M line. In this position, 
the myosin head is ' eoeked” like the spring in a 
mousetrap. Goeking the myosin head requires 
energy, which is obtained by breaking down ATP. 
In this proeess, the myosin head fnnetions as 
ATPase, an enzyme that breaks down ATP. At the 
start of the eontraetion eyele, the breakdown 
prodnets, ADP and phosphate (represented as P), 
remain bound to the myosin head. 


eontraetion Cycle Begins 


The eontraetion eyele is a series of interrelated 
steps that begins with the arrival of ealeinm ions 
within the zone of overlap in a sareomere. 




Myosin head 


Troponin 



Tropomyosin 


Aetin 



Myosin Reaetivates 


eontraeted Sareomere 



The entire eyele repeats several times eaeh seeond, as 
long as Ca2+ eoneentrations remain elevated and ATP 
reserves are snffieient. Calcium ion levels will remain 
elevated only as long as aetion potentials eontinne to 
pass along the T tubules and stimnlate the terminal 
eisternae. Onee that stimulus is removed, the calcium 
ehannels in the SR elose and ealeinm ion pumps pull 
Ca2+ from the eytosol and store it within the terminal 
eisternae. Troponin moleenles then shift position, 
swinging the tropomyosin strands over the aetive 
sites and preventing fnrther eross-bridge formation. 



6 


Myosin reaetivates when the free myosin head 
splits ATP into ADP and P. The energy released 


is used to “reeoek” the myosin head. 
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Aetive Sites Exposed 

Calcium ions bind to troponin, weakening the 
bond between aetin and the troponin- 
tropomyosin complex. The troponin molecule then 
ehanges position, rolling the tropomyosin moleenle 
away from the aetive sites on aetin and allowing 
interaetion with the energized myosin heads. 




Cross-Bridges Form 


3 


Onee the aetive sites are exposed, the 
energized myosin heads bind to them. 


forming eross-bridges. 



Cross-Bridges Detaeh 


Myosin Heads Pivot 


Ll 

When another ATP binds to the myosin 
head, the link between the myosin head 



jJ 


and the aetive site on the aetin moleenle is 
broken. The aetive site is now exposed and able 
to form another eross-bridge. 


After the eross-bridges form, the energy that 
was stored in the resting state is released as the 
myosin heads pivot toward the M line. This aetion is 
ealled the power stroke; when it occurs, the bound 
ADP and phosphate group are released. 



Modyle 9.7 Review 


a. VVhat molecule supplies the energy for 
a muscle fiber eontraetion? 

b. List the interrelated steps that occur 
onee the eontraetion eyele begins. 

e. VVhat triggers myosin reaetivation? 


9.7 Deseribe the role of ATP in a muscle eontraetion, and explain 
the steps involved in the eontraetion of a skeletal muscle fiber. 
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SEGTION 1 Revìew 


Labelíng 

Label the structures in this figure of a skeletal muscle fìber. 



Label the structures in this diagram of adjaeent sareomeres. 





13 



15 



14 



FìlMn 

In the spaees provided, reorder the follovving terms in their proper sequence from largest (22) to smallest (27). 


• musclefiber 

• musclefascicle 

• sareomere 

• myofibril 

• skeletal muscle 

• myofilament 


22 

23 

24 

25 

26 
27 
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IVlodule 9.8 


SECTION 2 • Functìonal Propertìes of Skeletal Muscle 



Muscle tension develops from the events that 
occur during excitation-contraction coupling 








Neural eontrol 

A skeletal muscle fiber eontraets 
when stimulated by a motor neuron 
ata neuromuscular junction.The 
stimulus arrives in the form of an 
aetion potential atthe axon terminal. 


Excítatíon 

The aetion potential causes the 
release of ACh into the synaptie 
eleft, which leads to excitation—the 
production of an aetion potential in 
the sareolemma. 


Calcíuni íon release 

The muscle fiber aetion potential 
travels along the sareolemma and 
intoT tubules down to the triads.This 
triggers the release of ea^"^ from the 
terminal eisternae of the sareoplas- 
mie reticulum. 


Gontraetíon eyele begíns 

The eontraetion eyele begins when 
the Ga^"^ bind to troponin, exposing 
the aetive sites on the thin filaments. 
This allows eross-bridge formation 
and will continue as long as ATP is 
available. 


Sareomeres shorten 

As the thiek and thin filaments 
interaet, the sareomeres shorten, 
pulling the ends of the muscle fiber 
elosertogether. 


Mosele tensíon prodoeed 

During the eontraetion, the entire 
skeletal muscle shortens and 
produces a pull, ortensìon, on the 
tendons at either end. 



Thiek-thin 
filament interaetion 


Ca2 


+ 



Myosin tail 
(thiekfilament) 

Tropomyosin 

Troponin 


G-aetin 
(thin filament) 

Nebulin 
Aetive site 



Cross-bridge 
formation 







In a resting sareomere, the 
tropomyosin strands eover 
the aetive sites on the thin 
filaments, preventing 


eross-bridge formation. 


When calcium ions enter 
the sareomere, they bind to 
troponin, which rotates and 
swings the tropomyosin 


away from the aetive sites. 



Cross-bridge 
formation then 
occurs, and the 
eontraetion 
eyele begins. 


Module 9.8 Revíew 


leads to 




a. Summarizetheeventsthat 
occuratthe neuromuscular 
junction. 

b. Whatcausescalciumtobe 
released from the sareoplasmie 
reticulum? 

e. What is neeessary for a 

eontraetion eyele to continue? 


9.8 Deseribe how muscle tension develops with respeet to neural eontrol and excitation-contraction coupling. 


321 









































































Module 9.9 


r 


Tensìon productìon is greatest when a 
muscle is stimulated at its optimal length 

There is no meehanism to regnlate the amonnt of tension prodneed in a eontraetion by 
ehanging the nnmber of eontraeting sareomeres. When ealeinm ions are released, they are 
released from all triads in the mnsele fiber. Thus, a muscle fiber is either 'bn” (prodneing 
tension) or 'bff” (relaxed). Tension prodneed at the individnal muscle fiber does vary, 
however, depending on the fiber's resting length at the time of stimnlation. 


How Sareomere Length AffeetsTension 

The tension a muscle fiber produces is related to sareomere length. 



When sareomeres are either stretehed or eompressed eompared to 
optimal resting length, tension prodnetion deelines. The arrangement of 
skeletal mnseles, eonneetive tissues, and bones normally prevents too 
much eompression or stretehing. During walking, for example, leg muscle 
fibers are stretehed very elose to “ideal length” before eontraetions occur. 


A deerease in the resting sareo- 
mere length reduces tension 
because stimulated sareomeres 
eannot shorten very much before 
the thin filaments extend aeross 
the eenter of the sareomere and 
eollide with or overlap the thin 
filaments of the opposite side. 




Tension production 
falls to zero when 
the thiekfilaments 
are pressed against 
the Z lines and the 
sareomere eannot 
shorten further. 



Start 








Sareomeres produce tension most 
effieiently within an optimal range 
of lengths. When resting sareo- 
mere length is within this range, 
the maximum number of eross- 
bridges ean form, producing the 
greatest tension. 






1.6 pm 


2.6 pm 



An inerease in sareomere length reduces the 
tension produced by reducing the size of the 
zone of overlap and the number of potential 
eross-bridge interaetions. 







Sareomere length 
deereases 



Sareomere length 


When the zone of overlap is reduced to 
zero, thin and thiek filaments eannot 
interaet at all.The muscle fiber eannot 
produce any aetive tension, and a eontrae- 
tion eannot occur. Such extreme stretehing 
of a muscle fiber is normally prevented by 
springy titin filaments (which tie the thiek 
filaments to the Z lines) and by the 
surrounding eonneetive tissues. 


inereases 


Optìmal restíng length: 

The normal range of sareomere 
lengths in the body is 75 to 130 
pereent of the optimal length. 
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Measuríng Muscle FiberTension 


2 


A myogram is a graphieal representation of tension 
development in mnsele fibers. This myogram shows 
three examples of a twitch, a single stimnlns-eontraetion- 
relaxation sequence in a muscle fiber. Twitches vary in 
dnration, depending on muscle type and loeation, internal 
and external environmental eonditions, and other faetors. 
We have all probably seen or felt an involnntary "muscle 
twitch" under the skin. Such a muscle twitch is ealled a 
fasciculation. A fasciculation involves more than one 
muscle fiber. It is the synchronous eontraetion of a motor 
unit, that is, a group of skeletal muscle fibers all eontrolled 
by a single motor neuron (Module 9.10). 



Stimulus 


This myogram shows 
the phases of a 40-msee 
twitch in a muscle fiber from 
the gastrocnemius muscle, a 
prominent snperfieial muscle 
of the ealf. Remember that a 
milliseeond is one thonsandth 
of a seeond! So these events 
happen rapidly—in less time 
than a finger snap. 




Time (msee) 0 


5 


10 


20 


30 


40 



IVIodule 9.9 Revìew 


a. Name a faetor that affeets the amount of tension produced 
when a skeletal muscle fiber eontraets. 

b. Explain two key eoneepts of the length-tension relationship. 

e. Deseribe the events that occur during eaeh phase of a twitch 
in a stimulated muscle fìber. 


9.9 Deseribe the meehanism responsible for tension production in a muscle fiber, and 
discuss the faetors that determine the peak tension developed during a eontraetion. 
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Module 9.10 


r 


The peak tension developed by a skeletal 
muscle depends on the frequency of stimulatíon 
and the number of muscle fìbers stimulated 

Two faetors determine the amount of tension produced by a skeletal muscle: 

(1) the amount of tension produced by eaeh stimulated muscle fiber, and 

(2) the total number of muscle fibers stimulated at a given moment. 


Levels of Mosele Tension 


Eaeh time a skeletal muscle fiber is stimulated immedi- 
ately after the relaxation phase has ended, the subsequent 
eontraetion will develop a slightly higher maximum tension than 
did the previons eontraetion. The inerease in peak tension will 
eontinne over the first 30-50 stimnlations. Beeanse the tension 
rises like the steps in a stairease, this phenomenon is ealled 
treppe (TREP-eh, German for stairease), Most skeletal mnseles 
do not demonstrate treppe. (However, treppe occurs in eardiae 
muscle tissue if stimnli of the same intensity are sent to the 
muscle fiber after a latent period.) 



À 


o 


QJ 



l\/laximum tension (in treppe) 


y/\WAjAIAiAIA 


Time 


2 


If a seeond stimulus arrives before the relaxation 
phase has ended, a seeond, more powerful eontraetion 


occurs. The addition of one twitch to another in this way is 
ealled wave summatíon. The dnration of a single twitch 
determines the maximum time available to prodnee wave 
snmmation. Eor example, if a twitch lasts 20 msee (1/50 see), a 
stimulus frequency of greater than 50 per seeond prodnees 
wave snmmation, whereas a stimulus frequency of less than 50 
per seeond will prodnee individnal twitches and treppe. 



Time 



KEY 


^ = Stimulus 


3 


A muscle prodneing almost peak tension during 
rapid eyeles of eontraetion and relaxation is said 


to be in ineomplete tetanns {tetanos, eonvnlsive 
tension). 


4 


Gomplete tetanns occurs when a higher stimnlation 


frequency eliminates the relaxation phase. During 
eomplete tetanns, aetion potentials arrive so rapidly that the 
sareoplasmie reticulum eannot reelaim ealeinm ions. The high 
eytosolie levels of Ca2+ prolong the eontraetion, making it 
continuous. Althongh mnseles ean be foreed into tetanns in the 
laboratory, they seldom if ever develop peak tension in the 
course of normal aetivities. In part, this is beeanse normal 
movements require preeise eontrol over, and continuous 
variation in, the amount of tension prodneed. 




l\/laximum tension (in tetanus) 


Time 
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Motor Unìts and Recruìtment 


5 


A typieal skeletal muscle eontains thousands of muscle fibers. 
Although some motor neurons eontrol just a few muscle 


fibers, most eontrol hnndreds of them. The amount of tension 
prodneed is eontrolled at the subconscious level through 
variations in the number of muscle fibers stimulated. 


All the muscle fibers eontrolled by a single 
motor neuron constitute a motor unit.The 
size of a motor unit is related to the degree of 
eontrol we have over our movements. In the 
muscles of the eye, where preeise eontrol is 
extremely important, a motor neuron may 
eontrol 4-6 muscle fibers. We have much less 
preeise eontrol over our leg muscles, where a 
single motor neuron may eontrol 1000-2000 
muscle fibers. 


The muscle fibers of eaeh motor unit are 
intermingled with those of other motor units. 
As a result, the direetion of pull exerted on the 
tendon does not ehange when the number of 
aetivated motor units ehanges. When you 
deeide to perform a speeifie movement, the 
eontraetion begins with the aetivation of the 
smallest motor units in the stimulated muscle. 
As the movement continues, larger motor 
units eontaining faster and more powerful 
muscle fibers are aetivated, and tension rises 
steeply.The smooth but steady inerease in 
muscular tension produced by inereasing the 
number of aetive motor units is ealled 
recruìtiment. 


Cell bodies of 
motor neurons 


Axons 
of motor 
neurons 


nerve 



KEY 


Motor unit 1 


Motor unit 2 


Motor unit 3 


7 


A variable number of motor units is always aetive, even 


when the entire muscle is not eontraeting. Their 
eontraetions do not prodnee enough tension to cause move- 
ment, but they do tense and firm the muscle. This resting 
tension in a skeletal muscle is ealled muscle tone, and it is 
regnlated at the subconscious level. The aetivity level of eaeh 
motor neuron ehanges eonstantly, and individnal muscle 
fibers ean relax while a eonstant tension is maintained in the 
attaehed tendon. Aetivated muscle fibers use energy, so the 
greater the muscle tone, the higher the “resting” rate of 
metabolism. Elevated muscle tone inereases resting energy 
eonsnmption by a small amount, but the effeets are cumula' 
tive, and they eontinne 24 hours per day. 



During a snstained eontraetion, motor 
units are aetivated on a rotating basis, 
allowing some to rest and reeover while 
others are aetively eontraeting. In this “relay 
team” approaeh, ealled asynchronous 
motor unit snmmatíon, eaeh motor unit 
ean reeover somewhat before it is stimu- 
lated again. As a result, when your muscles 
eontraet for snstained periods, they prodnee 
slightly less than maximal tension. 


Á 


Tension in tendon 


o 


QJ 




Time 


Modyle 9.10 Revìew 


a. Gompare incompletetetanus with 
wavesummation. 

b. Define motor unit. 

e. Deseribe the relationship between the 
number of fibers in a motor unit and 
the preeision of body movements. 


9.10 Discuss the faetors that affeet peak tension production during the eontraetion of 
an entire skeletal muscle, and explain the signifieanee of the motor unit in this proeess. 
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Module 9.11 


r 


Muscle eontraetìons may be isotonie or isometrie; 
isotonie eontraetions may be eoneentrie or eeeentrie 

We ean elassify mnsele eontraetions as isotonie or isometrie on 
the basis of their pattern of tension prodnetion. 


Isotonie Gontraetions: Goneentrie 


In an isotoníe eontraetion {iso-j equal + tonoSj tension), tension rises 
and the skeletal muscle s length ehanges. Lifting an objeet off a desk, 
walking, and rnnning involve isotonie eontraetions. There are two 
types of isotonie eontraetions. 



For one type, eonsider a skeletal muscle that is 1 em^ in eross-seetional 
area and ean prodnee ronghly 4 kg (8.8 Ib) of tension in eomplete tetanns. 
If we hang a load of 2 kg (4.4 Ib) from that muscle and stimnlate it, the muscle 
will shorten. This is ealled a eoneentrie 
eontraetion. An example of a eoneentrie 
eontraetion is flexing the elbow joint 
from an extended position while holding 
a dnmbbell. To lift the weight, the muscle 
must reernit enough motor units to 
overeome gravity and aetively shorten. 



Masele 

eontraets 

(isotonie 

eontraetion) 




Before the muscle ean shorten, 
the eross-bridges must prodnee 
enough tension to overeome the 
load—in this ease, the 2-kg weight. 
During this initial period, tension in 
the muscle fibers rises until the tension 
in the tendon exceeds the load. As the 
muscle shortens, the tension in the 
skeletal muscle remains eonstant. 




begins relaxes 




3 


The speed, or rate, of muscle eontraetion 


varies inversely with the load on the 
muscle. If the load is relatively light, the muscle 
will eontraet quickly; if the load is heavy, the 
muscle will eontraet slowly or not at all. The 
speed of muscle eontraetion is fastest when the 
load equals zero. 
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Isotonk Gontraetíons: Eeeentríe 


4 


For the seeond type of isotonie eontraetion, 


eonsider the opposite sitnation as in H. If the load 
is greater than the peak tension the mnsele ean develop, 
the mnsele will elongate. This is ealled eeeentrie eontrae- 
tion. One example of eeeentrie eontraetion is retnrning 


5 


The rate of elongation dnring an eeeentrie eontrae- 


tion depends on the differenee between the tension 
developed by the aetive mnsele fibers and the size of the 
load. By varying the tension in an eeeentrie eontraetion, 
you ean eontrol the rate of elongation. 


the dumbbell in Q from a flexed position to an extended 
one. To lower the weight, the muscle will deerease motor 
unit reernitment, the dnmbbell will overeome the tension 
generated by the muscle, and the muscle will lengthen. In 
the example shown below, the muscle is still aetively 
eontraeting, but not enough to lift the weight. 



Support removed, 
eontraetion begins 



lliii 



When the eeeentrie 
eontraetion ends, 
the unopposed 
load stretehes the 
muscle until either 
the muscletears, a 
tendon breaks, or 
the elastie reeoil of 
the skeletal muscle 
is sufficient to 
oppose the load. 



isometrie Contractions 

In an isometrie eontraetion {metriCj measure), the muscle as a whole 
does not ehange length, and the tension prodneed never exceeds the 
load. Many of the reflexive muscle eontraetions that keep your body 
upright when you stand or sit involve isometrie eontraetions. 



l\/luscle 

eontraets 

(isometrie 

eontraetion) 




begins 


100 

l\/luscle 
length 90- 
(pereent 
ofresting 80- 
length) 

70- 


Resting length 


Time 


Modyle 9.11 Revíew 


6 


If the load equals the peak tension, the load won t move when the 
muscle eontraets. The eontraeting muscle bulges, but not as much 


as it does during an isotonie eontraetion. In an isometrie eontraetion, 
althongh the muscle as a whole does not shorten, the individnal muscle 
fibers shorten as eonneetive tissnes streteh. The muscle fibers eannot 
shorten fnrther, beeanse the tension does not exceed the load. 


a. Gompare isotonie and isometrie 
eontraetions. 

b. Explain the relationship between load 
and speed of muscle eontraetion. 

e. Can a skeletal muscle eontraet without 
shortening? Why or why not? 


9.11 Gompare the different types of muscle eontraetions. 
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Module 9.12 

j 


Muscle eontraetíon requíres large amounts of ATP 
that may be produced anaerobíeally or aerobíeally 


Energy Production 



Mitoehondrial aetivity is the nltimate sonree of 
the energy required by aetive skeletal muscles. 


Glyeolysìs is the anaerobie breakdovvn of glucose to 
pyruvate in the eytoplasm of a eell. It is an anaerobie 
proeess because it does not require oxygen. Glyeolysis 
provides a net gain of 2 ATP molecules and generates 2 
pyruvate molecules from eaeh glucose molecule. 


Aerobìe imetabolìsm normally provides 95 pereent of 
the ATP demands of a resting eell. In this proeess, 
introduced in l\/lodule 3.7 (p. 99), mitoehondria absorb 
oxygen, ADP, phosphate ions, and organie substrates 
(such as pyruvate) from the surrounding eytoplasm. 
Primarily through the aetivity of the eleetron transport 
system, large amounts of energy are released and used 
to make ATP.The entire proeess is very effieient: For 
eaeh molecule of pyruvate"fed" into the eitrie aeid 
eyele, the eell gains 17 ATP molecules. 


Glucose 


I 

Pyruvate 




Sareoplasm 




MITOGHONDRION 


ADP + 
phosphate 



Eleetron 

transport 

system 


Sources of Energy Stored in a Typieal Muscie Fiber 


Energy 

Source 

Inìtìal 

Quantìty 

IJtìlìzatìon 

Proeess 

Nomber of Twltches 
Supported by Eaeh 
Energy Source Alone 

Duratlon of IsometrleTetanle 
Gontraetlon Supported by Eaeh 
Energy Source AÌone 

Free ATP 

3 mmol 

ATP—►ADP + P 

10 

2 see 

CP 

20 mmol 

ADP + CP—►ATP + e 

70 

15 see 

Glyeogen 

100 mmol 

Glyeolysis (anaerobie 

670 

130 see 



metabolism) 



Glyeogen 

100 mmol 

Aerobie metabolism 

12,000 

2400 see (40 min) 


2 


This table eharaeterizes the energy reserves of a typieal skeletal mnsele fiber. 
When energy demands are low and oxygen is abnndant, a mnsele fiber 


absorbs nntrients from the interstitial flnid and bnilds up its energy reserves. In 
addition to a small amount of free ATP in a eell, muscle fibers store a high-energy 
eomponnd ealled ereatine phosphate (CP). (Greatine is a eomponnd assembled 
within skeletal mnseles from eatabolized amino aeids.) However, muscle fibers 
store only a relatively small amount of energy in high-energy eomponnds. Most 
energy is stored as glyeogen, which may aeeonnt for 1.5 pereent of total muscle 
weight and enables muscle eontraetions to eontinne for extended periods. 
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Energy Demands at Different Levels of Aetívíty 



Mysele at rest 


In a resting skeletal mnsele, the demand for ATP is low. 
More than enongh oxygen is available for the mitoehon- 
dria to meet that demand, and they prodnee a snrplns of ATR 
The extra ATP is used to build up reserves of CP and glyeogen. 
Resting muscle fibers absorb fatty aeids and glneose delivered 
by the bloodstream. The fatty aeids are broken down in the 
mitoehondria, generating ATP that is used to eonvert ereatine 
to ereatine phosphate and glneose to glyeogen. 




Muscle at moderate aetivity levels 


4 


At moderate levels of aetivity, the demand for ATP inereases. 


This demand is met by the mitoehondria, and the rate of 
oxygen eonsnmption inereases as a result. The skeletal muscle now 
relies primarily on the aerobie metabolism of pyrnvate to generate 
ATP, and the pyrnvate is provided by glyeolysis, using glneose 
obtained from stored glyeogen reserves. As long as mitoehondrial 
aetivity ean meet the demand for ATP, the muscle will not beeome 
fatigned until glyeogen, lipid, and amino aeid reserves are 
exhausted. This type of fatigue affeets the muscles of endurance 
athletes, such as marathon rnnners, after hours of exertion. 



Muscle at peakaetivity levels 


5 


At peak levels of aetivity, ATP demands are enormons and 
mitoehondrial ATP prodnetion plateans at a maximum rate 


determined by the availability of oxygen. At peak exertion, the mito- 
ehondria ean provide only about one-third of the ATP needed. Glyeoly- 
sis prodnees the rest. When glyeolysis prodnees pyrnvate faster than it 
ean be ntilized by the mitoehondria, pyrnvate levels rise in the sareo- 
plasm. Under these oxygen-limiting eonditions, pyrnvate is eonverted 
to laetie aeid, which dissoeiates into a three-earbon laetate moleenle 
and a hydrogen ion (H+). The prodnetion of laetie aeid during peak 
aetivity lowers the intraeellnlar and extracellular pH. After only a few 
seeonds of peak aetivity, ehanges in pH will alter the fnnetional 
eharaeteristies of key enzymes so that the muscle fiber ean no longer 
eontraet. Sprinters usually experience this type of muscle fatigue. 


IVIodule 9.12 Revìevv 


a. ldentifythreesourcesofstored energy utilized by 
musclefibers. 

b. How do muscle eells continuously synthesize ATP? 
e. When do muscle fìbers produce laetie aeid? 


9.12 Deseribe the meehanisms by which muscle 
fibers obtain the energy to power eontraetions. 
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Module 9.13 

j 


Muscles fatigue and may need 
an extended reeovery períod 

If a skeletal muscle ean no longer perform at the required level of aetivity, it 
is fatigued. Many faetors are involved in promoting muscle fatigue, but after 
peak aetivity a major faetor is the deeline in pH (from about 7.1 to 6.4) within 
the muscle fibers and the muscle as a whole, deereasing ealeinm ion binding to 
troponin and altering enzyme aetivities. In the reeovery period, the eonditions in 
muscle fibers are returned to normal, pre-exertion levels. After moderate aetivity, 
it may take several hours for muscle fibers to reeover. After sustained aetivity at 
higher levels, eomplete reeovery ean take a week. 


OXYGEN INSUFFICIENT 


Glyeolysis 

(anaerobie) 



Glyeogen 

\ 


Glucose 

\ 


Pyruvate 



Laetate 


eYTOPLASM 




Glyeolysis enables a skeletal muscle 
to eontinne eontraeting even when 
insnffieient oxygen limits mitoehondrial 
aetivity. Reeall that glyeolysis is not the most 
effieient way to generate ATR It squanders 
the glneose reserves of the muscle fibers, 
and it is potentially dangerons beeanse the 
dissoeiation of laetie aeid ean lower the pH 
of the blood and tissnes. Glyeolysis ean 
prodnee ATP faster than aerobie metabo- 
lism, but only until glyeogen reserves are 
depleted (1-2 minntes). In terms of energy 
effieieney, glyeolysis eaptnres some 4-6 
pereent of the energy as ATP in the eonver- 
sion of glneose to pyrnvate. The reaetions of 
glyeolysis also elevate body temperatnre, 
triggering inereased sweat gland aetivity. 


OXYGEN AVAILABLE 


Glyeogen 


t 


Glucose 


70% eonverted 
baekto glucose 


t 



Pyruvate 



Laetate 



30% broken 
down for energy 


MITOeHONDRION 


GYTOPLASM 



ATP 


Eleetron 


transport 



system 


2 


During the reeovery period, when 


oxygen is available, laetate ean be 
reeyeled by eonversion baek to pyrnvate. 
The pyrnvate ean then be used either by 
mitoehondria to generate ATP or as a 
snbstrate for enzyme pathways that synthe- 
size glneose and rebnild glyeogen reserves. 
Aerobie metabolism is much more effieient 
than glyeolysis—the muscle fiber ean 
eaptnre about 42 pereent of the energy 
released. However, whenever they are using 
ATP, mnseles are continuously releasing 
heat. About 70-80 pereent of body heat is 
prodneed by resting skeletal mnseles. 
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Peak Aetivity 



IVlyeh of the laetate produced during peak 
exertion diffuses out of the muscle fibers and 
into the bloodstream.The liver absorbs this 
laetate and begins eonverting it into pyruvate. 


20-30% 


r 


This proeess continues after exertion has ended, because laetate levels 
vvithin muscle fibers remain relatively high, and laetate continues to 
diffuse into the bloodstream. After the absorbed laetate is eonverted to 
pyruvate in the liver, about 30 pereent of the nevv pyruvate molecules are 
broken dovvn in the mitoehondria, providing the ATP needed to eonvert 
the remaining 70 pereent of pyruvate molecules into glucose.The glucose 

molecules are then 
released into the 
circulation. Skeletal 
muscle fibers take up 
the molecules and 
use them to rebuild 
their glyeogen reserves. 


70-80% 


Pyruvate 



LIVER 


HoO 





3 


Much of the laetate released by muscle fibers during strenuous 
aetivity diffuses from the muscle tissue into the bloodstream. The 


liver absorbs and reeyeles it, and releases glneose into the eirenlation. 
This shnffling of laetate to the liver and of glneose baek to muscle eells is 
ealled the Cori eyele. Throughout the reeovery period, the body s oxygen 
demand remains elevated above normal resting levels. The more ATP 
required, the more oxygen will be needed. The amount of oxygen 
required to restore normal, pre-exertion eonditions is ealled the oxygen 
debt, or excess postexercise oxygen eonsnmption (EPOC). Most of the 
additional oxygen eonsnmption occurs in skeletal muscle fibers, which 
must restore ATP, ereatine phosphate, and glyeogen eoneentrations to 
their former levels, and in liver eells, which generate the ATP needed to 
eonvert excess laetate to glneose. 


Modnle 9.13 Revíew 


a. How is skeletal muscle reeovery 
different after moderate aetivity 
eompared to sustained aetivity at 
higher levels? 

b. VVhat happens to the laetate produced 
inside skeletal muscle during peak 
aetivity? 

e. Define oxygen debt (excess 

postexercise oxygen consumption). 


9.13 Deseribe the faetors that contribute to muscle fatigue, and discuss 
the stages and meehanisms involved in the muscle's subsequent reeovery. 
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Module 9.14 


r 


Fast, slow, and intermediate skeletal muscle 
fìbers differ in size, internal structure, 
metabolism, and resistanee to fatigue 

The human body has three major types of skeletal muscle fibers: 
fast fibers, slow fibers, and intermediate fibers. 


Fast Fibers 



Most of the skeletal muscle fibers in the body are 
ealled fast fibers, beeanse they ean reaeh peak twitch 
tension in 0.01 seeond or less after stimnlation. Fast fibers 
have large diameters and eontain densely paeked myofibrils, 
large glyeogen reserves, and relatively few mitoehondria. 
The tension prodneed by a muscle fiber is direetly propor- 
tional to the number of myofibrils, so mnseles dominated 
by fast fibers prodnee powerful eontraetions. How- 
ever, fast fibers fatigne rapidly beeanse their 
eontraetions use ATP in massive amonnts, 
and they have relatively few mitoehondria 
to generate ATP. As a result, prolonged 
aetivity is snpported primarily by 
anaerobie metabolism. 
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Fast fibers in eross seetion 


LM X 171 



Slow Fíbers 


2 


Slow fibers have only about half the diameter of 
fast fibers and take three times as long to reaeh 
peak tension after stimnlation. Slow fibers are speeialized 
to eontinne eontraeting for extended periods, long after a 
fast fiber would beeome fatigned. Slow muscle fibers are 
surrounded by a more extensive network of eapillaries 
than fast muscle tissue, so they have a dramatieally 
higher oxygen supply to snpport mitoehondrial aetivity. 
Slow fibers also eontain the red pigment myoglobin 
(Ml-ò-gló-bin), a globnlar protein that is structurally 
related to hemoglobin, the red oxygen-carrying 
pigment in blood. Both myoglobin and hemoglobin 
reversibly bind oxygen moleenles. Myoglobin is 
most abnndant in slow fibers, so resting slow fibers 
eontain snbstantial oxygen reserves that ean be 
mobilized during a eontraetion. Beeanse slow fibers 
have both an extensive eapillary supply and a high 
eoneentration of myoglobin, skeletal mnseles 
dominated by slow fibers appear dark red. 



Slow fibers in eross seetion 


LM X 171 
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Intermedìate Fìbers 


3 


This light mierograph (a longitudinal 
seetion) shows that a fast muscle fiber 


(W, for white) and a slow muscle fiber (R, for 
red) have very different sizes and densities, and 
that slow fibers have more mitoehondria (M) 
and a more extensive eapillary supply. Our 
bodies also eontain a third group of muscle 
fibers—intermediate fibers—that more 
elosely resemble fast fibers, for they eontain 
little myoglobin and are relatively pale. 
Intermediate fibers have a more extensive 
eapillary network around them and are more 
resistant to fatigne than are fast fibers. 



Fast (W) and slow (R) fibers lM X 783 

in longitudinal seetion 


Properties of Skeletal Muscle Fiber Types 

Property 

Fast Fìbers 

Slow Fìbers 

Intermedìate Fìbers 

Cross-sectìonal dìameter 

Large 

Small 

Intermediate 

Color 

White 

Red 

Pink 

Myoglobìn eontent 

Low 

High 

Low 

eapìllary supply 

Searee 

Dense 

Intermediate 

Mìtoehondrìa 

Few 

Many 

Intermediate 

Tìme to peak tensìon 

Rapid 

Prolonged 

Medium 

eontraetìon speed 

Fast 

Slow 

Fast 

Fatìgue resìstanee 

Low 

High 

Intermediate 

Glyeolytìe enzyme 
eoneentratíon ìn eytosol 

High 

Low 

High 

Substrates used for ATP 

Garbohydrates (anaerobie) 

Lipids, earbohydrates. 

Primarily earbohydrates 

generatìon durìng eontraetìon 
(type of metabolìsm) 


amino aeids (aerobie) 

(anaerobie) 

Alternatìve names 

Type ll-B, FF (fast fatigue). 

Type 1, S (slow), red, SO (slow 

Type ll-A, FR (fast resistant). 


white, fast-twitch glyeolytie 

oxidative), slow-twitch oxidative 

fast-twitch oxidative 


4 


This table eompares the properties of fast, slow, and intermediate muscle 
fibers. The pereentage of eaeh fiber type in a skeletal muscle ean vary 


greatly. Most human mnseles eontain a mixture of fiber types and so appear 
pink. However, there are no slow fibers in mnseles of the eye or hand, where 
swift but brief eontraetions are required. Many baek and ealf mnseles are 
dominated by slow fibers; these mnseles eontraet almost continuously to 
maintain an npright postnre. The pereentage of fast versus slow fibers in eaeh 
muscle is genetieally determined, but the ratio of intermediate fibers to fast 
fibers ean inerease as a result of athletie training. For example, if a muscle is 
used repeatedly for endurance events, some of the fast fibers will develop the 
appearanee and fnnetional eapabilities of intermediate fibers. 


Modyle 9.14 Revìew 


a. Identify thethreetypesof skeletal muscle 
fibers. 

b. Why would a sprinter experience muscle 
fatigue before a marathon runner would? 

e. Whichtypeof musclefiberwouldyou 
expect to predominate in the leg muscles 
of an endurance athlete, such as a eyelist 
or a long-distanee runner? 


9.14 Relate the types of muscle fibers to muscle performanee. 
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Module 9.15 


+ 


CLINICAL MODULE 




Many faetors ean result ìn nnuscle 
hypertrophy, atrophy, or paralysìs 



Hypertrophy 

As a result of repeated, exhaustive stimulation, muscle fibers develop more 
mitoehondria, a higher eoneentration of glyeolytie enzymes, and larger glyeogen 
reserves. Such muscle fibers have more myofibrils than do fibers that are less used, 
and eaeh myofibril eontains more thiek and thin filaments. The net effeet is hyper- 
trophy, or an enlargement of the stimnlated muscle. The number of muscle fibers 
does not ehange signifieantly, but the muscle as a whole enlarges beeanse eaeh 
muscle fiber inereases in diameter. The muscle also beeomes stronger, sinee 
tension prodnetion is proportional to the eross-seetional area of the muscle. The 
muscles of a bodybuilder are excellent examples of muscular hypertrophy. Although 
hypertrophy ean be promoted by administering steroid hormones such as andro- 
gens (male sex hormones), exhaustive training is still required, and the side effeets 
of steroid use ean be very dangerons. 



Atrophy 



2 


A skeletal muscle that is not regnlarly stimnlated by a motor neuron 
loses muscle tone and mass. The muscle beeomes flaeeid, and the 


muscle fibers beeome smaller and weaker. This rednetion in muscle size, 
tone, and power is ealled atrophy. A variable degree of muscle atrophy is 
a normal consequence of aging. Individnals of any age who are paralyzed 
by spinal injnries or other damage to the nervons system will gradnally 
lose muscle tone and size in the areas affeeted. Even a temporary reduc- 
tion in muscle use ean lead to muscular atrophy; you ean easily observe 
this effeet by eomparing “before and after” limb mnseles in someone who 
has worn a east. Muscle atrophy is initially reversible, but dying muscle 
fibers are not replaeed. In extreme atrophy, the fnnetional losses are 
permanent. That is why physieal therapy is erneial for people who are 
temporarily unable to move normally. 


l\/luscular Dystrophy 

There are several different muscular dystrophies (DlS-tró-fèz), and all 
are inherited diseases that prodnee muscle weakness and deterioration. 
The most eommon and best nnderstood is Duchenne/Becker muscular 
dystrophy (DBMD). This form appears in ehildhood, and generally affeets 
only males. It is estimated that 1 in 3500 to 5000 newborn males worldwide is 
born with the eondition. A progressive muscular weakness develops, and most 
individnals die due to respiratory paralysis. Skeletal muscles are primarily 
affeeted, although for some reason the faeial mnseles eontinne to fnnetion 
normally. In later stages of the disease, the faeial mnseles and eardiae muscle 
tissue may also beeome involved. The inheritanee of DBMD is sex-linked: 
Women earrying the defeetive genes are nnaffeeted, but eaeh of their male 
ehildren will have a 50 pereent ehanee of developing DBMD. Genetie tests are 
available to determine whether or not a woman is earrying the defeetive gene 
and prenatal tests ean determine whether a fetus has the eondition. 
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eiinkal CondítíonsThat Affeet Skeletal Moseles 


4 


Because skeletal muscles depend on 


motor nenrons for stimnlation, 
disorders that impair the nervons system 
ean indireetly affeet the muscular system. 



In polìo, a vims attaeks nnotor neurons in the 
spinal eord and brain, causing muscular atrophy 
and paralysìs (loss of voluntary movement). 


A very eommon bacterium, Clostndìum tetani, causes the 
disease tetanus. eiostrìdiam baeteria ean thrive only in 
tissues with low oxygen levels. For this reason, a deep 
puncture wound, such as that from a nail, is much more 
likely to result in tetanus than a shallow, open cut that 
bleeds freely and flushes the site. When aetive in body 
tissues, these baeteria release a powerful toxin that 
suppresses the meehanism that inhibits motor neuron 
aetivity.The result is a sustained, powerful eontraetion of 
skeletal muscles throughout the body. Severe tetanus has 


a 40-60 pereent mortality rate.Thanks to an effeetive 
immunization program, only about 100 eases occur in the 
Dnited States eaeh year. 


Neuromuscular communication ean be disrupted by exposure to toxins 
that bloek ACh release or prevent ACh binding at the motor end plate. 
Botulìsim, caused by consuming food eontaminated with toxins 
produced by Clostridium botulinum, paralyzes skeletal muscles by 
preventing ACh release at neuromuscular junctions. Myasthenía 
gravìs, an autoimmune disorder eharaeterized by the loss of ACh 
reeeptors at the neuromuscular junctions, results in progressive 
muscular weakness. 


When skeletal muscles are deprived of nutrients and oxygen for an extended period, they 
begin to deteriorate. Within a few hours, the skeletal muscle fibers have run out of ATP, and 
the sareoplasmie reticulum beeomes unable to pump Ca2+ out of the eytosol. Calcium ions 
diffusing into the eytosol from the extracellularfluid or leaking out of the sareoplasmie 
reticulum then trigger a sustained eontraetion. Without ATP, the eross-bridges eannot 
detaeh from the aetive sites, so the affeeted muscle fibers loek up in the eontraeted state. 
This ean occur loeally after acute injury or after death. 


5 


Shortly after death, a generalized skeletal mnsele eontraetion, 
ealled rigor mortis, oeenrs thronghont the body, beginning 


with the smaller mnseles of the faee, neek, and arms. As the SR 
deteriorates, ealeinm ions are released and a snstained eontraetion 
begins. As ATP reserves are exhausted, the muscles beeome loeked in 
the eontraeted state. Beeanse all skeletal mnseles are involved during 
rigor mortis, the individnal beeomes “stiff as a board.” It typieally 
begins 2-7 hours after death and disappears after 1-6 days or when 
deeomposition begins, but the timing depends on environmental 
faetors such as temperature. Forensie pathologists base time of death 
estimates on the degree of rigor mortis and environmental eonditions. 


Modyle 9.15 Revìew 


a. Define muscle hypertrophy and muscle atrophy. 

b. Six weeks after Fred broke his leg the east is removed, 
and as he steps down from the exam table, his leg gives 
way and he falls. Propose a logieal explanation. 

e. Explain howtheflexibility or rigidity of a dead body ean 
provide a clue about a murder vietim's time of death. 


9.15 Explain the physiologieal faetors responsible 
for muscle hypertrophy, atrophy, and paralysis. 
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Labelíng 

Use the follovving terms to eorreetly label the structures in the diagram representing a blood vessel and a skeletal muscle at rest. 


•ereatine 

• glyeogen 
•CP 

•glucose 

•O2 

• fatty aeids 



Matehíng 


Mateh eaeh lettered term vvith the most elosely related deseription. 


a. eeeentrie eontraetion 

b. isometrie eontraetion 
e. isotonie eontraetion 

d. eoneentrie eontraetion 



Muscle does not ehange length during eontraetion 



Muscle ehanges length during eontraetion 



Peaktension less than load, and muscle elongates 



Peaktension greaterthan load, and muscle shortens 


7 

8 

9 

10 


Short answer 


Gomplete the follovving table by vvriting in the anatomieal and physiologieal properties of the three types of skeletal muscle fibers. 


Property 


Cross-sectional diameter 


Color 


Myoglobin eontent 


eapillary supply 


Mitoehondria 


Time to peak tension 


eontraetion speed 


Fatigue resistanee 


Glyeolytie enzyme eoneentration in eytosol 


11 


14 


16 








28 


Fast Fibers 



SOAROE 


17 






HIGH 








Slow Fibers 



13 


15 


?WL0NGED 


19 






27 



Intermediate Fibers 



INTERMEPI/ITE 
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GHAPTER 9 REVIEVV • Skeletal MuscleTíssue 



Study Outlìne 


SEGTION 1 

V 


Functìonal Anatomy of Skeletal Muscle Tíssue 



Skeletal muscle tìssue enables body movement and other 

vìtal functìons p. 307 

1. The three types of nnuscle tissue (skeletal, eardiae and 
smooth) eonsist ehiefly of muscle eells that are highly 
speeialized for eontraetion. 

2. Skeletal muscles are complex organs that are attaehed 
direetly or indireetly to bones. 

3. Skeletal muscle functions to produce skeletal movement, 
maintain posture and body position, support soft tissue, 
guard entranees and exits of the body, maintain body 
temperature, and provide nutrient reserves. 



A skeletal muscle eontaìns skeletal muscle tìssue, 
eonneetìve tìssues, blood vessels, and nerves p. 308 


4. Skeletal muscle is surrounded by epìmysìum, a dense 
layer of eollagen fibers. 

5. A muscle faseìele is a bundle of muscle fibers surrounded 

by perìmysìum. 

6. Individual muscle fibers are sheathed in endomysìum. 

7. Embryonie myoblasts fuse to form multinucleate eells that 
develop into distinet muscle fibers. 

8. Skeletal muscle fibers have a plasma membrane ealled a 
sareolemma, and a eytoplasm surrounding the myofibrils 
ealled sareoplasm. 



Skeletal muscle fìbers have eontraetìle myofìbrìls 
eontaìnìng hundreds to thousands of sareomeres 


p.310 


9. A single skeletal muscle fiber eontains hundreds to 
thousands of banded, eylindrieal structures ealled 

myofìbrìls. 



10. Myofibrils eonsist of bundles of protein myofìlaments. 
Thin fìlaments are eomposed mostly of aetin, and thiek 
fìlaments are eomposed primarily of myosin. 

11. Myofilaments have repeating, light and dark banded 
functional units ealled sareomeres. 

12. On either side of the sareolemma is an uneven distribution 
of eharges ealled a transmembrane potential. 

13. Transverse tubules or T tubules are extensions of the 
sareolemma into the sareoplasm. When they are in eontaet 
with a pair of terminal eisternae of the sareoplasmie 
reticulum (SR) it forms a triad. 

14. Ca2+ ions are stored in the SR. A muscle eontraetion begins 
when the SR releases Ca2+ into the sareoplasm through 
gated calcium ehannels. 



The slìdìng fìlament theory of muscle eontraetìon ìnvolves 
thìn and thìek fìlaments p. 312 


15. The thin filaments are attaehed to the Z line by aetinin. 

1 6. F-aetin (filamentous aetin) is a twisted strand of individual 
G-aetin (globular aetin) molecules. 

17. Strands of tropomyosin eover the aetive sites of G-aetin. 
Troponin is bound to tropomyosin, and also has one site 
bound to G-aetin, and two sites for Ca^+ ions. 

18. Thiekfilaments eontain myosin molecules arranged with 
theirtails pointing toward the M line. 



19. The myosin molecule has a tail bound to other myosin 
molecules, a free head that has two globular subunits, and 
a eonneetion between the two that aets as a hinge. 

20. During eontraetion myosin heads form eross-bridges with 
thin filaments. 

21. When a skeletal muscle fiber eontraets, thin filaments slide 
past thiek filaments.This is known as the sliding fìlament 
theory. This occurs in every sareomere along a myofibril, 
so the myofibril gets shorter. When myofibrils get shorter, 
so does the muscle fiber. 



Skeletal muscle fìbers and neurons have excìtable plasma 

membranes that produce and earry eleetrìeal ìmpulses 

ealled aetìon potentìals p. 314 

22. At rest, a eell is polarized. The inside of its plasma 
membrane has a slight negative eharge with respeet to its 
outside surface. 

23. In undisturbed neurons and skeletal muscle fibers, 
typieal resting potentials are -70 mV and -85 mV, 
respeetively. 

24. Open leak ehannels in the plasma membrane of eells allow 
ions to move down their eoneentration gradients. Sodium- 
potassium ion pumps maintain the eelTs resting potential 
by exporting three Na+ from the eell, in exchange for two 
K+. 

25. A eell is depolarized when a threshold potential is reaehed 
(-55 mV for skeletal muscle) and Na+ rush into the eell. The 
depolarization peaks at -i-30 mV. Na+ inflow then abruptly 
stops and repolarization begins as K+ rush out of the eell. 
This loss of positive ions causes the membrane potential to 
beeome negative again. 

26. In neurons and skeletal muscle fibers, the depolarization 
produces an eleetrieal impulse or aetion potential that is 
spread or propagated along their plasma membranes. 



A skeletal muscle fìber eontraets when stìmulated by a 
motor neuron p. 316 


27. Eaeh skeletal muscle fiber is eontrolled by the nervous 
system at a speeialized site ealled a neuromuscular 
junction (NMJ). 
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GHAPTER 9 REVIEVV • Skeletal MuscleTìssue (contínued) 


28. The NMJ is made up of an axon termìnal, a speeialized 
region of the sareolemma ealled the motor end plate, and 
a narrovv spaee betvveen the tvvo ealled the synaptíe eleft. 

29. When the aetion potential reaehes the synaptie terminal, it 
releases the neurotransmitter aeetyleholìne (ACh) into the 
synaptie eleft. The enzyme aeetyleholìnesterase (AChE) 
breaks dovvn ACh. 

30. ACh binds to reeeptors in the motor end plate ehanging 
the membrane permeability causing Na”^ to rush into 
the sareoplasm.This generates an aetion potential in the 
skeletal musclefiber. 

31. The aetion potential svveeps dovvn eaeh T tubule to the 
terminal eisternae causing the SR to release Ca2+. This 
event, ealled excítatíon-contractíon couplìng, triggers 
the eontraetion of the muscle fiber. 



A muscle fìber eontraetìon uses ATP ìn a eyele that repeats 
durìng the eontraetìon p. 318 


32. Ca2+bind to troponin, 
vvhieh causes the 
tropomyosin to move 
avvay from the aetin 
aetive site allovving 
interaetion vvith the 
energized myosin 
heads, forming eross- 
brídges. 

33. The myosin head pivots 
as it releases the bound 
ADP and P. 



34. The eross-bridge is broken vvhen another ATP binds to the 
myosin head. 

35. Myosin reaetivation occurs vvhen the free myosin head 
splits ATP into ADP and P. 

36. The entire eyele is repeated several times eaeh seeond, 
as long as Ca2+ eoneentrations remain elevated and ATP 
reserves are sufficient. 


^ SECTION 2 * Functional Properties of Skeletal Muscle 



IVIuscle tensìon develops from the events that occur durìng 
excìtatìon-contractìon couplìng p. 321 


37. A skeletal muscle eontraets vvhen stimulated by a motor 
neuron ata neuromuscular junction. 

38. Excitation-contraction coupling begins vvith the release of 
ACh at the axon terminal.This causes an aetion potential in 
the sareolemma. 

39. The aetion potential travels along theT tubules to the 
triads, vvhere it triggers the release of Ca2+ from the 
terminal eisternae of the SR. 

40. Ca2+ allovv for thiek and thin filaments to interaet, causing 
the sareomere to shorten, pulling the ends of the muscle 
fiber eloser together. 

41. The entire skeletal muscle shortens and produces tensìon 
on the tendons at either end. 



Tensìon productìon ìs greatest when a muscle ìs 
stìmulated at ìts optìmal length p. 322 


42. The tension a muscle fiber produces is related to 
sareomere length. 


43. Tension is produced most effieiently vvhen the maximum 
number of eross-bridges ean form.This is ealled optímal 
restìng length. 

44. A twìtch is a single stimulus-contraction-relaxation 
sequence in a muscle fiber.These vary greatly depending 
on many faetors. 

45. The phases of a tvviteh include the latent períod, 
eontraetíon phase, and relaxatìon phase. 


9.10] 


The peak tensìon developed by a skeletal muscle depends 
on the frequency of stìmulatìon and the number of muscle 
fìbers stìmulated p. 324 


46. The amount of tension produced by a skeletal muscle is 
determined by the amount of tension produced by eaeh 
stimulated muscle fiber, and the total number of muscle 
fibers stimulated at a given moment. 

47. Treppe is a progressive inerease in tvviteh tension that is 
not demonstrated by most skeletal muscles. 

48. Repeated stimulation before the relaxation phase ends 
may produce wave summatíon, in vvhieh one tvviteh is 
added to another. 


49. A muscle producing almost peaktension during rapid 
eyeles of eontraetion and relaxation is in ìneomplete 
tetanus. Gomplete tetanus occurs vvhen the relaxation 
phase is eliminated. 

50. All the muscle fibers eontrolled by a single motor neuron 
constitute a motor unit. inereasing the number of aetive 
motor units is ealled recruìtment. 



Muscle eontraetìons may be ìsotonìe or ìsometrìe; ìsotonìe 
eontraetìons may be eoneentrìe or eeeentrìe p. 326 


51. In ìsotoníe eontraetíons, the tension in the muscle rises 
and the length of the muscle ehanges.There are tvvo 
types of isotonie eontraetions: eoneentrie and eeeentrie 
eontraetions. 


52. In eoneentrìe eontraetíons the muscle shortens. In 
eeeentrìe eontraetíons the load is greater than peak 
tension, so the muscle lengthens. 

53. In ìsometrìe eontraetíons the tension rises, but the length 
of the muscle does not ehange. 



Muscle eontraetìon requìres large amounts of ATP that 
may be produced anaerobìeally or aerobìeally p. 328 


54. Mitoehondrial aetivity is the ultimate source of the energy 
required by aetive skeletal muscles. 

55. Glyeolysís is the anaerobie breakdovvn of glucose to 
pyruvate in the eytoplasm of a eell. It is an anaerobie 
proeess, because it does not require oxygen. 

56. Aerobìe metabolísm normally provides 95 pereent of the 
ATP demands of a resting eell. In this proeess, mitoehondria 
absorb oxygen, ADP, phosphate ions, and pyruvate. For 
eaeh molecule of pyruvate the eell gains 17 ATP molecules. 

57. In addition to a small amount of free ATP, muscle fibers 
store a high-energy compound ealled ereatìne phosphate 
(CP). 

58. In resting skeletal muscle the demand for ATP is lovv and 
mitoehondria produce a surplus of ATP. 


59. At moderate levels of aetivity, ATP demand inereases. 
Skeletal muscle novv relies primarily on aerobie 
metabolism of pyruvate. 

60. At peak aetivity levels, skeletal muscle relies heavily on 


338 • ehapter 9: Skeletal Masele Tìssae 






















glyeolysis to generate ATP because the mitoehondria 
eannot obtain enough oxygen to meet demand.The result 
is an accumulation of laetie aeid in the muscle that lovvers 
intracellular pH, and contributes to fatigue. 



IVIuscles fatìgue and may need an extended reeovery 
perìod p. 330 


61. An aetive skeletal muscle is fatigued vvhen it ean no longer 
continueto perform. 

62. In the reeovery period the eonditions in muscle fibers are 
returned to normal, pre-exertion levels. 

63. The oxygen debt, or excess postexercise oxygen 
consumption (EPOC), resulting from muscle aetivity is the 
amount of oxygen required during the reeovery period to 
restore the muscle to its normal eondition. 


9.14 


Fast, slow, and ìntermedìate skeletal muscle fìbers dìffer 
ìn sìze, ìnternal structure, metabolìsm, and resìstanee to 
fatìgue p. 332 

64. There are three major types of muscle fibers: fast, slovv and 
intermediate. 


65. Fast fìbers are large in diameter, and eontain densely 
paeked myofibrils, large glyeogen reserves, and relatively 
fevv mitoehondria.They eontraet rapidly and povverfully, 
are supported by anaerobie metabolism, and fatigue 
easily. 

66. Slowfìbers are smaller in diameter, slovver in eontraetion 
speed, eontain more eapillaries and mitoehondria, and also 
eontain the red oxygen-carrying pigment myoglobìn. 

67. Intermedìate fìbers are very similar to fast fibers, but have a 
greater resistanee to fatigue. 



IVIany faetors ean result ìn muscle hypertrophy, atrophy, or 
paralysìs p. 334 

68. Hypertrophy is the enlargement of stimulated muscle fiber 
as a result of more mitoehondria, greater glyeogen and 
enzyme reserves, and an inerease in myofibrils. 

69. Atrophy is the inverse effeet from disuse or disease. 

70. A variety of elinieal eonditions ean affeet skeletal muscles such 

as Duchenne/Becker muscular dystrophy (DBMD), polìo, 
tetanus, botulism, and myasthenìa gravìs. 


ehapter Revíew Questíons 


True/False 


indieate vvhether eaeh statement is true or false. 



An inerease in sareomere length reduces the tension produced in a muscle fiber by 
reducing the size of thezone of overlap and the number of potential eross-bridge 
interaetions. 



Mosele hypertrophy is mostly explained by an inerease in muscle fiber (eell) number 
as a result of exercise. 



The Cori eyele deseribes the transfer of laetate to the liver and glucose baek to the 
muscle eells during the reeovery period. 



In glyeolysis, one molecule of glucose produces tvvo molecules of pyruvate and 


17 ATP. 


Matehìng 


Mateh eaeh lettered term vvith the most elosely related deseription. 


a. myoblasts 

b. sareoplasmie reticulum 
e. T tubules 

d. tropomyosin 

e. troponin 

f. I band 

g. A band 

h. synaptie vesieles 

i. motor end plate 

j. triad 


5 

6 

7 

8 

9 

10 
11 
12 

13 

14 


Gontains Ca^+ 

eontains thiek filaments and thin filaments 
eontain ACh reeeptors 

Extensions of the sareolemma into the sareoplasm 

Embryonie eells that fuse to form muscle fibers 

eontains the neurotransmitter ACh 

Formed byT tubules and a pair of terminal eisternae 

eontains only thin filaments 

Has reeeptor sites for Ca^+ 

eoverthe aetive sites of the G-aetin 






5 

6 

7 

8 

9 

10 
11 
12 

13 

14 
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GHAPTER 9 REVIEVV • Skeletal MuscleTìssue (contínued) 


IVIultìple ehoke 


Seleet the eorreet ansvver from the list provided. 



The eonneetive tissue eoverings of a skeletal muscle, listed from 
superficial to deep, are 

Q a) endomysium, perimysium, and epimysium. 

Q b) endomysium, epimysium, and perimysium. 

Q e) epimysium endomysium, and perimysium. 

Q d) epimysium, perimysium, and endomysium. 



The detaehment of the myosin eross-bridges is direetly 
triggered by 

Q a) the repolarization of T tubules. 

Q b) the attaehment of ATP to the myosin heads. 

Q e) the hydrolysis of ATP. 

Q d) calcium ions. 



A muscle producing almost peaktension during rapid eyeles of 
eontraetion and relaxation is said to be in 

Q a) ineomplete tetanus. 

Q b) treppe. 

Q e) eomplete tetanus. 

Q d) a tvviteh. 



The type of eontraetion in vvhieh the tension rises, but the muscle 
does not ehange length is 

Q a) an isotonie eontraetion. 

Q b) an isometrie eontraetion. 

Q e) a eoneentrie eontraetion. 

Q d) an eeeentrie eontraetion. 



VVhieh of the follovving statements about myofìbrils is not 
eorreet? 


Q a) Eaeh skeletal muscle fìber eontains hundreds to thousands 

of myofibrils. 

Q b) Myofibrils eontain repeating units ealled sareomeres. 

Q e) Myofibrils extend the length of a skeletal muscle fiber. 

Q d) Filaments eonsist of bundles of myofibrils. 



Vesieles filled vvith aeetyleholine (ACh) are found in the 

Q a) axon terminal. 

Q b) motor end plate. 

Q e) synaptie eleft. 

Q d) transverse tubule. 



The properties of slovvfibers include all ofthefollovving except 

Q a) red in eolor. 

Q b) lovv myoglobin eontent. 

Q e) many mitoehondria. 

0] d) small eross-seetional diameter. 



VVhieh of the follovving aetivities involves eeeentrie muscle 
eontraetions? 

Q a) maintaining upright posture 
Q b) lifting a barbell over your head 
Q e) lovvering yourself into a ehair 
Q d) blinking your eyes 



All the muscle fibers eontrolled by a single motor neuron 
constitute a 

Q a) motor unit. 

Q b) motor end plate. 

Q e) neuromuscular junction. 

Q d) eross-bridge. 



The region of the A band in a sareomere that eontains only thiek 
filaments is the 

Q a) Z line. 

Q b) I band. 

□ e) zone of overlap. 

Q d) H band. 


Short answer 



VVhat structural feature of a skeletal muscle fiber is responsible for 
conducting aetion potentials into the interior of the eell? 



Deseribe hovv it is possible that the muscles flexing the elbovv ean 
adjust their tension to lift a cup of eoffee to your mouth or curl a 
dumbbell in the gym. 



Researeh in exercise physiology suggests that for several days after 
a bout of intense aerobie exercise, people consume oxygen at a 
rate greater than vvhen they are normally at rest. Explain these 
results, and eite the proeess involved. 



VVhat tvvo meehanisms are used to generate ATP from glucose in 
muscle eells? 



Explain the proeesses that cause a muscle to hypertrophy. 
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ehapter Integratíon • Applyíng what you have learned 



Two ehíldhood fríends have beeome 
very dífferent types of athletes 

Sean and Stnart are neighborhood friends who have played 
sports together and eompeted against eaeh other sinee early 
ehildhood. Althongh they are both ontstanding athletes, they 
have notieed they eaeh have their own individnal skills in 


which they exceL Sean is a star soeeer player. He ean run the 
length of a soeeer field for an entire game and does not 
experience the fatigue that his friend Stuart does 
when they eompete. Stuart, a top prospeet 
baseball player, is much more explosive 
in shorter dnration events. He 
always has much better times 
than his friend Sean when rnnning 

from home plate to first base. From what you have just learned 
about skeletal muscle tissue, answer the following questions. 






Which muscle fiber type do you think Sean the soeeer player 
has in greater abundance to explain his success in long- 
duration aetívities? How would this help him excel? 

Stuart the baseball player is likely to have a disproportionate 
amount of which fiber type? How do they assist him in 
explosíve, short duration aetivities like running from home 
plate tofirst base? 

Do you think their athletíe success is a result of training, 
geneties, or both? 
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These Learning 
Onteomes 
eorrespond 
by nnmberto 
this ehapter's 
modnles and 
indieate what 
you shouid be 
able to do after 
eompleting 
the ehapter. 


SEGTION 1 • Functional Organization of the Muscular System 


10.1 


10.2 


10.3 


10.4 


Deseribe the general function of the body's axial and appendicular muscles. 

Deseribe faseiele organization and explain how levers affeet muscle effieieney. 

Explain how the name of a muscle ean help identify its loeation, appearanee, or function 
Deseribe the separation of muscles into axial and appendicular divisions. 


SEGTION 2 • Axíal IVIuscles 


10.5 


10.6 


10.7 


10.8 


10.9 


10.10 


10.11 


Deseribe the four groups of axial muscles and their general functions. 

Identify the faeial expression muscles, and eite their origins, insertions, and aetions. 

Identify the eye and jaw muscles, and eite their origins, insertions, and aetions. 

Identify the tongue, pharynx, and neek muscles, and eite their origins, insertions, 
and aetions. 

Identify the vertebral column muscles, and eite their origins, insertions, and 
aetions. 

Identify the trunk muscles, and eite their origins, insertions, and aetions. 

Identify the pelvie floor muscles, and eite their origins, insertions, and aetions. 




342 


SECTION 3 • Appenclìcular IVIuscles 


(S) 

Learning Onteomes 
arerepeated atthe 
bottomofeaeh 
module. 


10.12 


10.13 


10.14 


10.15 


10.16 


10.17 


10.18 


10.19 


10.20 


10.21 


10.22 


10.23 


Deseribe the general functions of the muscles of the upper and lower limbs. 

Identify the prineipal appendicular muscles. 

Identify the peetoral girdle muscles, and eite their origins, insertions, 
and aetions. 

Identify the muscles that move the arm, and eite their origins, 
insertions, and aetions. 

Identify the forearm muscles, and eite their origins, insertions, and aetions. 

Identify the muscles of the hand and fingers, and eite their origins, 
insertions, and aetions. 

Identify the intrinsie hand muscles, and eite their origins, insertions, 
and aetions. 

Identify the muscles that move the thigh, and eite their origins, 
insertions, and aetions. 

Identify the muscles that move the leg, and 
eite their origins, insertions, and aetions. 

Identify the muscles that move the foot and 
toes, and eite their origins, insertions, and 
aetions. 

Identify the intrinsie foot muscles, and eite their 
origins, insertions, and aetions. 

Deseribe the deep faseia and its relationship to the various limb 
muscle eompartments. 
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Module 10.1 




SEGTION 1 • Functional Organization of the Muscular System 


The axial and appendicular 
muscles have different functions 



Watch 


The skeletal muscles of the muscular system make up almost 
one-half the weight of your body. As we saw in Ghapter 9, skeletal 
muscle tissue has multiple functions (Module 9.1, p. 307). 


MasteringA&P® A^PFJix 

Origins, Insertions, Aetions, and Innervations 
(Over 60 animations on the topie) 

Group Muscle Aetions & Joints (Over 50 
animations on the topie) 
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The muscular system contributes more to 
body weight than does any other organ system. 


The muscular system is divided into axial and 
appendienlar divisions. Axial muscles snpport 


and position the axial skeleton. Appendicular 
muscles snpport, move, and braee the limbs. 


Drinary system 0.7% 
Respiratory system 1.7% 
Nervous system 2% 


Digestive system 6% 




Lymphatie system 0.3% 

Reproductive system 0.15% 
Endoerine system 0.15% 
Cardiovascular system 9% 


muscles 


Skeletal 

system 

20% 


Muscular system 


This seetion eonsiders the fnnetional organization of 
the muscular system. The human body eontains 
approximately 700 skeletal mnseles that differ widely in 
size, shape, and fnnetion. Althongh the individnal 
skeletal muscle fibers eontraet the same way and to the 
same degree, skeletal muscle performanee varies 
aeeording to muscle fiber organization and how the 
muscle attaehes to the skeleton. 



Appendicular 


Tendons conduct the 
forees of eontraetion to 
perform speeifie tasks. 


I\/Iodule10.1 Revìew 


a. What arethedivisions 
andfunctionsofthe 
muscular system? 


How many skeletal 
musclesarethere in 
the body? 


e. What faetors influence 
the performanee of a 
skeletal muscle? 


10.1 Deseribe the general function of the body's axial and appendicular muscles. 


343 





















































Module10.2 


r 


Muscular povver and range of motìon are 

ìnfluenced by faseìele organìzatìon and leverage 

Faseiele Organizatíon 



In a parallel muscle, such as the bieeps braehii, the faseieles 
are parallel to the long axis of the muscle. Most skeletal 
muscles in the body are parallel mnseles. Some are flat bands 
with broad attaehments (aponenroses) at eaeh end (Module 
9.2, p. 308). Others are plump and eylindrieal, with tendons at 
one or both ends. The muscle has a eentral body, also known as 
the belly. A skeletal muscle fiber ean eontraet until it has short- 
ened by about 30 pereent. Beeanse the muscle fibers in a parallel 
muscle are parallel to the long axis of the muscle, when those 
fibers eontraet together, the entire muscle shortens by about 30 
pereent. The tension developed during this eontraetion depends on 
the total number of myofibrils the muscle eontains. 



2 


In a eonvergent mnsele, such as the peetoralis 
major, muscle faseieles extending over a broad 
area eonverge on a eommon attaehment site. A 
eonvergent muscle is versatile, because the stimula- 
tion of different portions of the muscle ean ehange 
the direetion of pull. However, when the entire 
muscle eontraets, the muscle fibers do not pull as 
hard on the attaehment site as would a parallel 
muscle of the same size. 


Base of 
nnuscle 


- Body 
(belly) 





Tendon 



(4) 

( 2 ) 

(3c) 


( 1 ) 


(3a) 


(3b) 


3 


In a pennate mnsele (penna, 
feather), the faseieles form a 


eommon angle with the tendon. 
Beeanse the muscle fibers pull at an 
angle, eontraeting pennate mnseles 
do not move their tendons as far as 
parallel mnseles do. But a pennate 
muscle eontains more muscle 
fibers—and thus more myofibrils— 
than does a parallel muscle of the 
same size, so it produces more 
tension. 


r 




a 

1 

L 


J 


Extensor digitomm muscle 



Extended 

tendon 


In a unìpennate muscle, 
all the muscle fibers are 
on the same side of the 
tendon. 



Rectus femoris muscle 



In a bìpennate 

muscle, fibers are on 
both sides of the 
tendon. 



Deltoid muscle 



In a multìpennate muscle, the 
tendon branehes within the 
muscle. 


In a circular muscle, or sphineter 

(SFINK-ter), the faseieles are eoneentrieally 
arranged to eneirele a duct, tube, or opening. 
When the muscle eontraets, the diameter of the 
opening deereases (eonstriets). 




Gontraeted 



Relaxed 
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Levers and Leverage 


The foree, speed, or direetion of movement prodneed by mnsele eontraetion ean 
be modified by attaehing the mnsele to a lever. A lever is a rigid strnetnre, such as 
a board or crowbar, used to lift or pry something that pivots on a fixed point ealled 
the fulcrum. A lever moves when an applied foree is snffieient to overeome any 
load that would otherwise oppose or prevent 
such movement. In the body, eaeh bone is a 
lever and eaeh joint is a fulcrum, 
and mnseles provide the applied foree. 


5 


In a first'dass lever, the fulcrum 
(F) lies between the applied foree (AF) 
and the load (L). The body has few first-elass 
levers, but this is an important example. 
First-elass levers are like seesaws—the 
balanee depends on the relative sizes of the 
foree and the load, and how far eaeh is from 
the fulcrum. 




Load 



Fulcrum 


Applied 

foree 


In a seeond-elass lever, the load is 
loeated between the applied foree 
and the fulcrum. A wheelbarrow is a 
familiar example of a seeond-elass lever. 
Beeanse the foree is always farther from 
the fulcrum than the load is, a small foree 
ean move a larger weight, but the load 
moves more slowly and eovers a shorter 
distanee. Thus the effeetive foree is 
inereased at the expense of speed and 
distanee traveled. 







Applied 

foree 




In third-elass levers (the most 
eommon levers in the body), the 
foree is applied between the load and the 
fulcrum. In eontrast to seeond-elass levers, 
speed and distanee traveled are inereased 
at the expense of effeetive foree. In the 
example shown, the load is six times farther 
from the fulcrum than is the applied foree. 
The effeetive foree is redneed to the same 
degree. The muscle must generate 180 kg 
(396 Ib) of tension at its attaehment to the 
forearm to snpport 30 kg (66 Ib) held in the 
hand. However, the distanee traveled and 
the speed of movement are inereased by 
that same 6:1 ratio: The load will travel 45 
em (18 in.) when the point of attaehment 
moves 7.5 em (2.9 in.). 




Applied 

foree 




Load 



Fulcrum 



Modyle 10.2 Revìew 


a. Define a lever, and deseribe the three elasses of levers. 

b. The joint between the oeeipital bone of the skull and 
the first eervieal vertebra (atlas) is which part of which 
elass of lever system? 

e. Why does a pennate muscle generate more tension 
than does a parallel muscle of the same size? 


10.2 Deseribe faseiele organization and 
explain how levers affeet muscle effieieney. 
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Module10.3 


r 


The names of muscles ean provìde clues 
to theìr appearanee and/or functìon 



In most eases one end of a mnsele is fixed in position, 
and the other end moves dnring a eontraetion. The 
plaee where the fixed end attaehes is ealled the origin of the 
mnsele. Most mnseles originate at a bone, but some originate 
at a eonneetive tissue sheath or band such as the intermns' 
enlar septa (eomponents of the deep faseia that may separate 
adjaeent skeletal mnseles) or at the interosseons membranes 
of the forearm or leg (Module 7.16, p. 263). The site where 
the movable end attaehes to another structure is ealled the 
insertion of the muscle. The origin is typieally proximal to 
the insertion when the body is in the anatomieal position. 


However, knowing which end is the origin and which is the 
insertion is nltimately less important than knowing where the 
two ends attaeh and what the muscle aeeomplishes when 
it eontraets. When a muscle eontraets, it prodnees a 
speeifie movement or aetìon. In general, we will 
deseribe aetions in terms of movement at speeifie 
joints. 


2 


When complex movements occur, 
muscles eommonly work in groups rather 
than individnally. Their eooperation improves 
the effieieney of a partienlar movement. For 
example, large mnseles of the limbs prodnee 
flexion or extension over an extended range of 
motion. Based on their fnnetions, mnseles may 
be deseribed as agonists, antagonists, or 
synergists. 



Aetion 


An agonìst, or prìme mover, is a nnuscle whose eontraetion is ehiefly 
responsiblefor producing a particular movement. Determining which 
muscle in a group of muscles is the prime mover depends on the aetion 
under way and the relative positions of the articulating bones. In this 
simple example, the bieeps braehii is an agonist that bends the elbow as 
when doing curls. 


When a synergìst (syn-, together -i- ergon, work) eontraets, it helps a larger 
agonist work effieiently. Synergists may provide additional pull near the 


insertion or may stabilize the point of origin.The braehioradialis muscle 
assists in flexion and helps stabilize the elbow joint. Synergists that assist 
an agonist by preventing movement at another joint are ealled fìxators. 


Insertion of 
braehioradialis 

muscle 


Origins of bieeps 
braehii muscle 


Insertion of bieeps 
braehii muscle 



An antagonìst is a muscle 
whose aetion opposes 
that of a particular 
agonist.The trieeps braehii 
muscle is an agonist that 
extends the elbow. It is 
therefore an antagonist of 
the bieeps braehii muscle, 
and the bieeps braehii is 
an antagonist of the 
trieeps braehii. 


Origin of 

braehioradialis 

muscle 
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Muscle Ternnínology 

Terms indìeatìng Speeìfìe 
Regìons of the Body^ 

Terms indìeatíng Posìtíon, 
Dìreetíon, or Faseìele 
Organìzatìon 

Terms indìeatíng Structural 
eharaeterìstìes of the Muscle 

Terms indìeatíng Aetíons 


Abdominis (abdomen) 

Anterior (front) 

Nature of Origin 

General 

Aneon (elbow) 

External (on the outside) 

Bieeps (two heads) 

Abductor (movement away) 

Auricular (auricle of ear) 

Extrinsic (outside the structure) 

Trieeps (three heads) 

Adductor (movement toward) 

Braehial (brachium) 

Inferior (below) 

Quadriceps (four heads) 

Depressor (lowering movement) 

Gapitis (head) 

Internal (away from the surface) 


Extensor (straightening movement) 

Carpi (wrist) 

intrinsie (within the structure) 

Shape 

Flexor (bending movement) 

Gervieis (neek) 

Lateral (on the side) 

Deltoid (triangle) 

Levator (raising movement) 

Goeeygeal (coccyx) 

Medial (middle) 

Orbicularis (eirele) 

Pronator (turning into prone position) 

Gostal (rib) 

Oblique (slanting) 

Peetinate (eomblike) 

Supinator (turning into supine 

Cutaneous (skin) 

Posterior (baek) 

Piriformis (pear-shaped) 

position) 

Femoris (femur) 

Profundus (deep) 

Platy- (flat) 

Tensor (tensing movement) 

Glossal (tongue) 

Rectus (straight) 

Pyramidal (pyramid) 


Hallux (great toe) 

Superfìcial (toward the surface) 

Rhomboid (parallelogram) 

Speeifìe 

llium (groin) 

Superior (toward the head) 

Serratus (serrated) 

Buccinator (trumpeter) 

lnguinal (groin) 

Transverse (crosswise) 

Splenius (bandage) 

Risorius (laugher) 

Lumbar (lumbar region) 


Teres (long and round) 

Sartorius (like a tailor) 

Nasalis (nose) 


Trapezius (trapezoid) 


Nuchal (baek of neek) 




Ocular (eye) 


Other Striking Features 


Oris (mouth) 


Alba (white) 


Palpebra (eyelid) 


Brevis (short) 


Pollex (thumb) 


Graeilis (slender) 


Popliteal (posteriorto knee) 


Latae (wide) 


Psoas (loin) 


Latissimus (widest) 


Radial (forearm) 


Longissimus (longest) 


Scapular (scapula) 


Longus (long) 


Temporal (temple) 


Magnus (large) 


Thoraeie (thorax) 


Major (larger) 


Tibial (tibia; shin) 


Maximus (largest) 


Dlnar(ulna) 


Minimus (smallest) 




Minor (smaller) 




Vastus (great) 



* 


For other regional terms, refer to Module 1.15 


3 


This table includes a useful summary of the most important 


terms used in naming skeletal muscles. Familiarity with 
these terms will help you identify and remember speeifie mnseles. 
Except for the platysma and the diaphragm, the eomplete names 
of all skeletal mnseles inelnde the term “muscle” Although the full 
name, such as the bieeps braehii muscle, will usually appear in the 
text, for simplieity only the deseriptive name (bieeps braehii) will 
be used in fignres and tables. 


10.3 Explain how the name of a muscle ean help 
identify its loeation, appearanee, orfunction. 


Module 10.3 Revìew 


a. Define the term synergist as it relates to muscle aetion. 

b. l\/luscle A abducts the humerus, and muscle B adducts 
the humerus. What is the relationship between these 
two muscles? 

e. What does the name fìexorearpiradialis longas tell you 
aboutthis muscle? 
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Module10.4 


r 


The skeletal muscles ean be assigned to the axial division or 
the appendicular division based on origins and functions 


Axìal Myseles 


Temporalis 

Frontal belly of 
oeeipitofrontalis 

Sternoeleidomastoid 


Rectus abdominis 
External oblique 


Linea alba 


Flexor retinaculum 



The axíal muscles 

arise on the axial 
skeleton and eneompass 
abont 60 pereent of the 
skeletal mnseles in the 
body. They position the 
head and spinal eolnmn 
and also move the rib eage, 
assisting in movements 
that make breathing 
possible. 



Appendìcular Maseles 


Trapezius 

Deltoid 

Peetoralis major 
Serratus anterior 


Latissimus dorsi 


Bieeps braehii 


Trieeps braehii 
Braehialis 


Pronator teres 
Braehioradialis 

Extensor earpi radialis longus 
Extensor earpi radialis brevis 
Palmaris longus 
Flexor earpi radialis 

Flexor digitorum superficialis 

Flexor earpi ulnaris 

Gluteus medius 

Tensor faseiae latae 
lliopsoas 
Pectineus 
Adductor longus 

Graeilis 
Sartorius 
Rectus femoris 
Vastus lateralis 

Vastus medialis 
Gastrocnemius 

Fibularis longus 
Tibialis anterior 

Soleus 

Extensor digitorum longus 


Superior extensor retinaculum 
Inferior extensor retinaculum 
Lateral malleolus of fibula 

Medial malleolus of tibia 
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Axìal Myseles 


Oeeipital belly of 
oeeipitofrontalis 

Sternoeleidonnastoid 


External oblique 


2 


The appendicular muscles stabilize 


or move the appendicular skeleton 
and include the remaining 40 pereent of all 
skeletal mnseles. 


The modules that follow organize the 
muscles into functional groups. How- 
ever, the skeletal system, like the body 
itself, functions as an integrated whole, 
and more than one muscle group will 
usually be seen in one view. 



Appendícular Myseles 


Trapezius 

Deltoid 

lnfraspinatus 

Teres minor 

Teres major 
Rhomboid major 

Trieeps braehii (long head) 

Trieeps braehii (lateral head) 

Latissimus dorsi 
Braehioradialis 

Extensor earpi radialis longus 

Anconeus 

Flexor earpi ulnaris 

Extensor digitorum 

Extensor earpi ulnaris 
Gluteus medius 


Tensor faseiae latae 


Gluteus maximus 


Adductor magnus 
Semitendinosus 


Semimembranosus 

Graeilis 

Bieeps femoris 
Sartorius 

Plantaris 

Gastrocnemius 

Soleus 


Module 10.4 Revíew 


Galeaneal 

tendon 

Calcaneus 


a. What is the function of the axial muscles? 


Identify the division (axial or appendicular) to 
which eaeh ofthefollowing muscles belongs: 
bieeps braehii, external oblique, temporalis, and 
vastus medialis. 


e. Which structures labeled in the figures in this 
module are not muscles? 


10.4 Deseribe the separation of muscles 
into axial and appendicular divisions. 
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SECTION 1 Revíew 

L 


Labelíng 


Label eaeh of the muscle types below aeeording to its faseiele organization. 



Label eaeh of the indieated superficial muscles in the 
diagram to the right. 
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SECTION 2 • AxialMuscles 


There arefour groups of axial muscles 


The axial musculature stabilizes and positions the head, neek, and 
trunk. Based on loeation and/or fnnetion, we ean divide the axial 
mnseles into the four groups shown here. The groups do not always 
have distinet anatomieal bonndaries. For example, a fnnetion such 
as the extension of the vertebral column involves mnseles along its 
entire length. 



The first group eontains 
mnseles of the head and 
neek that are not assoeiated 
with the vertebral column. 
These mnseles inelnde the 
mnseles of faeial expression 
(Module 10.6), the extrinsic 
eye mnseles (Module 10.7), 
and the mnseles of the tongue. 


pharynx, and neek (Module 
10 . 8 ). 



2 


The seeond 
group—the 


mnseles of the verte- 
bral column—inelndes 
numerous mnseles of 
varied size that stabilize, 
flex, extend, or rotate 
the vertebral column 
(Module 10.9). 



3 


The third group 
eonsists of the 


4 


oblique and rectus 
mnseles of the trunk 
(Module 10.10). These 
mnseles are broad 
sheets or bands that 
form the muscular walls 
of the thoraeie and 
abdominopelvie eavities. 



The fourth group—the mnseles of the pelvie floor 
(Module 10.11)—spans the pelvie outlet and 


snpports the organs 
of the pelvis 



IVIodyle 10.5 Revìew 


a. VVhieh regions of the body are stabilized 
and positioned bytheaxial myseles? 

b. The first and seeond axial muscle groups 
include which muscles? 

e. The third and fourth axial muscle groups 
include which muscles? 


10.5 Deseribe the four groups of axial muscles and their general functions. 
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Module10.6 


r 


The muscles of faeìal expression are ìmportant 
ín eatíng and useful for communicatíon 

All the muscles of faeial expression originate on 
the snrfaee of the sknll, except for the platysma 
of the neek. At their insertions, the fibers of the 
epimysinm are woven into those of the snperfieial 
faseia and the dermis of the skin. Thus, when 
they eontraet, the skin moves and 


this allows you to have 
faeial expressions. 


Frontal belly of 
oeeipitofrontalis 

Orbicularis oculi 


2 


A eorresponding lateral 
vie w shows the maj or 


faeial mnseles. Note the 
abnndanee of mnseles involved 
in movements of the lips. 


Nasalis 
Zygomaticus minor 

Zygomaticus major 


Orbicularis oris 


Risorius 


The oeeipitofrontalis muscle, which 
forms the sealp, has two bellies that are 
eonneeted by a collagenous sheet, the 

epìeranìal aponeurosìs. 

Oeeipital belly Frontal belly 


Platysma 
Mentalis (cut) 



Orbicularis oculi 
Nasalis 


Moseles of the Mooth and Cheek 


Levator labii superioris 
Zygomaticus minor 
Zygomaticus major 

Buccinator 

Orbicularis oris 
Risorius 

Mentalis (cut) 

Depressor labii inferioris 
Depressor anguli oris 



Temporalis 

Corrugator supercilii 
Procerus 


Levator labii superioris 
Levator anguli oris 



This anterior view 
shows snperfieial 
mnseles on the right 
side of the faee and 
deeper mnseles on the 
left side of the faee. 


Masseter 

Buccinator 


Depressor anguli oris 


Depressor labii inferioris 


Thyroid 
eartilage 
of the larynx 


eiaviele 
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Muscles of Faeìal Expression 


Group and IVIuscle 

Orìgìn 

Insertìon 

Aetìon 

Mouth 

Buccìnator 

Alveolar proeesses of nnaxillary bone and 
mandible 

Blends into fibers of orbicularis oris 

Gompresses eheeks 

Depressor labìì ínferìorís 

Mandible between the anterior midline and 
the mental foramen 

Skin of lower lip 

Depresses lower lip 

Levator labìì superíorís 

Inferior margin of orbit, superior to the 
infraorbital foramen 

Orbicularis oris 

Elevates upper lip 

Levator angulí oris 

Maxillary bone below the infraorbital 
foramen 

Gorner of mouth 

Elevates the eorner of the mouth 

Mentalis 

ineisive fossa of mandible 

Skin of ehin 

Elevates and protrudes lower lip 

Orbicularisoris 

Maxillary bone and mandible 

Lips 

Gompresses, purses lips 

Risorius 

Faseia surrounding parotid salivary gland 

Angle of mouth 

Draws eorner of mouth to the side 

Depressor anguli oris 

Anterolateral surface of mandibular body 

Skin at angle of mouth 

Depresses eorner of mouth 

Zygomaticus major 

Zygomatie bone near zygomaticomaxillary 
suture 

Angle of mouth 

Retraets and elevates eorner of mouth 

Zygomaticus minor 

Zygomatie bone posteriorto 
zygomatieotemporal suture 

Llpper lip 

Retraets and elevates upper lip 

Eye 

Corrugator supercilii 

Orbital rim of frontal bone near nasal suture 

Eyebrow 

Pulls skin inferiorly and anteriorly; 
wrinkles brow 

Levator palpebrae superioris 

Tendinous band around optie foramen 

Llpper eyelid 

Elevates upper eyelid 

Orbicularisoculi 

Medial margin of orbit 

Skin around eyelids 

eioses eye 

Nose 

Procerus 

Nasal bones and lateral nasal eartilages 

Aponeurosis at bridge of nose and 
skin of forehead 

Moves nose, ehanges position and 
shape of nostrils 

Nasalis 

Maxillary bone and alar eartilage of nose 

Bridge of nose 

Gompresses bridge, depresses tip of 
nose; elevates eorners of nostrils 

Sealp 

Oeeipitofrontalis 

Frontal belly 

Epieranial aponeurosis 

Skin of eyebrow and bridge of nose 

Raises eyebrows, wrinkles forehead 

Oeeipital belly 

Oeeipital and temporal bone 

Epieranial aponeurosis 

Tenses and retraets sealp 

Neek 

Platysma 

Superior thorax between eartilage of 2nd 
rib and aeromion of scapula 

Mandible and skin of eheek 

Tenses skin of neek; depresses 
mandible and pulls lower lip inferiorly 


3 


This table groups the 
muscles of faeial expression 


by region and snmmarizes their 
origins, insertions, and aetions. 


Module 10.6 Revìew 


a. Name the muscles assoeiated with the mouth, and identify 
the one involved in kissing or whistling. 

b. State whether the following muscles involve the mouth, 
eye, nose, ear, sealp, or neek: buccinator, corrugator 
supercilii, mentalis, nasalis, platysma, procerus, and risorius. 

e. Explain how a person is able to consciously move the skin 
on the sealp but is not able to consciously move the skin of 
thethigh. 


10.6 Identify the faeial expression muscles, and eite their origins, insertions, and aetions. 
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Module10.7 

j 


The extrìnsic eye muscles position the eye, 

and the muscles of mastieation move the lovver jaw 



Five of the six extrinsic eye mnseles are visible 
in this lateral view of the right eye. 



One additional mnsele, the medial reetns, ean 
be seen in this medial view of the right eye. 


Superior rectus Superior oblique Frontal bone 


Optie nerve 



Levator palpebrae 
superioris 


Troehlea- 

(ligamentous sling) 


Inferior oblique 


Inferior rectus 


Lateral rectus 


l\/laxilla 


Superior rectus Superior oblique 



Medial rectus Optie nerve 


3 


This anterior view of the right eye shows the direetion 
of eye movements prodneed by the eontraetion of eaeh 


extrinsic eye mnsele operating independently. 



This anterior view of the right orbit shows 
the origins of the extrinsic eye mnseles. 


Superior 

rectus 


Lateral 

rectus 

Inferior 

oblique 



Troehlea 
Superior oblique 


Medial rectus 


Inferior rectus 


Levator 

palpebrae 

superioris 

Superior 

rectus 

Oculomotor 


nerve 


Lateral rectus 



Abducens 
nerve (VI) 

Inferior 

oblique 



Troehlear 
nerve (IV) 


Troehlea 


Superior 

oblique 

Medial 

rectus 

Optie 
nerve (II) 

Inferior 

rectus 


Extrinsic Eye Muscles 

Muscle 

Orìgìn 

Insertìon 

Aetìon 

Inferìor rectus 

Sphenoid around optie eanal 

Inferior, medial surface of eyeball 

Eye looks inferiorly 

Medíal rectus 

Sphenoid around optie eanal 

Medial surface of eyeball 

Eye looks medially 

Superíor rectus 

Sphenoid around optie eanal 

Superior surface of eyeball 

Eye looks superiorly 

Lateral rectus 

Sphenoid around optie eanal 

Lateral surface of eyeball 

Eye looks laterally 

Inferíor oblíque 

Maxillary bone at anterior portion of orbit 

Inferior, lateral surface of eyeball 

Eye rolls, looks superiorly and 
laterally 

Superìor oblique 

Sphenoid around optie eanal 

Superior, lateral surface of eyeball 

Eye rolls, looks inferiorly and laterally 
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■H This lateral view shows the largest 

superfìcial muscles of mastieation 
(chewing) of the right side of the head. 



Superior temporal line 


Temporalis 

Capsule of 
temporomandibular 


6 


In this lateral view, the pterygoid 
mnseles are visible after removal of 


the snperfieial mnseles and the right ramus 
of the mandible. 


Zygomatie 

areh 


Masseter 



Lateral pterygoid 
Medial pterygoid 
Cut edge of mandible 


Muscles of Mastíeatìon 

Muscle 

Orígìn 

Insertion 

Aetion 

Masseter 

Zygomatie 

areh 

Lateral surface 
of mandibular 
ramus 

Elevates mandible and eloses 
the jaws 

Temporalis 

Along 

temporal lines 
of skull 

eoronoid 
proeess of 
mandible 

Elevates mandible 

Pterygoíds 

(medial and 
lateral) 

Lateral 

pterygoid 

plate 

Medial surface 
of mandibular 
ramus 

Medial: Elevates the mandible 
and eloses the jaws, or slides the 
mandible from side to side 

Lateral: Opens jaws, protrudes 
the mandible, or slides the 
mandible from side to side 


l\/lodule 10.7 Revìew 


a. Name the extrinsic eye muscles. 

b. VVhieh muscles have their origin on 
the lateral pterygoid plates and their 
insertion on the medial surface of the 
mandibular ramus? 

e. If you were eontraeting and relaxing 
your masseter muscle, what would you 
probably bedoing? 


10.7 Identify the eye and jaw muscles, and eite their origins, insertions, and aetions. 
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Module10.8 

j 


The muscles of the tongue 
are elosely assoeíated wíth the 
muscles of the pharynxand neek 


2 


This lateral view shows the major 


groups of the muscles of the 
pharynx. Their roles in swallowing are 
disenssed in Module 22.8 (p. 843). 


This lateral view shows the tongue 
muscles after removal of the left 
half of the mandible. 



\ 



Mandible 


Styloid proeess 
Palatoglossus 
Styloglossus 
Genioglossus 

Hyoglossus 
Hyoid bone 



Palatal muscles 


Laryngeal 

elevators 

Pharyngeal 

eonstrietors 


Esophagus 


Muscles of the Tongue 


Masele 

Orìgìn 

Insertìon 

Aetíon 

Geníoglossus 

Medial 
surface of 
mandible 
around ehin 

Body of 
tongue, hyoid 
bone 

Depresses 
and protraets 
tongue 

Hyoglossus 

Bodyand 
greater horn 
of hyoid bone 

Side of tongue 

Depresses 
and retraets 
tongue 

Palatoglossus 

Anterior 
surface of soft 
palate 

Side of tongue 

Elevates 
tongue, 
depresses soft 
paiate 

Styloglossus 

Styloid 
proeess of 
temporal 
bone 

Along the side 
to tip and base 
of tongue 

Retraets 
tongue, 
elevates side 
of tongue 


Muscles of the Pharynx 

Masele 

Orígín 

Insertìon 

Aetíon 

Pharyngeal 

eonstríetors 

Pterygoid proeess 
of sphenoid, 
medial surfaces of 
mandible, horns 
of hyoid bone, 
erieoid and thyroid 
eartilages of larynx 

Median 
raphe 
attaehed 
to oeeipital 
bone 

Gonstriet 
pharynxto 
propel an 
ingested 
food mass 
into the 
esophagus 

Laryngeal 

elevators 

Soft palate, 
eartilage around 
inferior portion 
of auditory tube, 
styloid proeess 

Thyroid 

eartilage 

Elevate 

larynx 

Palatal muscles 

Petrous part of 
temporal bone 
and adjaeent soft 
tissues, sphenoidal 
spine and adjaeent 
soft tissues 

Soft palate 

Elevate soft 
palate 


356 • ehapter W:The MuscularSystem 







































3 


The anterior mnseles of the neek 


are primarily involved in position- 
ing the mandible, hyoid bone, and larynx. 


Maseles of the 
Floor of the IVIouth 


Mylohyoid 


Digastrie - 


Anterior belly 

Posterior belly 
Geniohyoid 


Sternoeleidomastoid (cut) 
Thyroid eartilage of larynx 


Omohyoid: 
Superior belly 
Inferior belly 


eiaviele 



Sternoeleidomastoid 

(cut heads) 


Sternum i 


Mandible 


Mylohyoid (cut and refleeted) 


Small Moseles 
of the Hyoíd Bone 

Stylohyoid 

Thyrohyoid 


Muscles Orígínatíng 
at the Sternum 

Sternothyroid 

Sternohyoid 

Sternoeleidomastoid 
(sternal heads) 


Anterìor Muscles of the Neek 

Muscle 

Origìn 

Insertion 

Aetion 

Dìgastrie 

Inferior surface of 
mandible at ehin 
and mastoid region 

Hyoid bone 

Depresses mandible 
or elevates larynx 

Geníohyoíd 

Medial surface of 
mandible at ehin 

Hyoid bone 

As above and 
pulls hyoid bone 
anteriorly 

Mylohyoíd 

Mylohyoid line of 
mandible 

Median raphe that 
runs to hyoid bone 

Elevates hyoid 
bone or depresses 
mandible 

Omohyoíd 

Superior border 
of scapula near 
scapular noteh 

Hyoid bone 

Depresses hyoid 
bone and larynx 

Sternohyoíd 

eiaviele and 
manubrium 

Hyoid bone 

Depresses hyoid 
bone and larynx 

Sternothyroíd 

Manubrium and fìrst 
eostal eartilage 

Thyroid eartilage of 
larynx 

Depresses hyoid 
bone and larynx 

Stylohyoíd 

Styloid proeess 

Hyoid bone 

Elevates larynx 

Thyrohyoíd 

Thyroid eartilage of 
larynx 

Hyoid bone 

Elevates thyroid, 
depresses hyoid 

Sternoeleídomastoíd 

One head attaehes 
to sternal end of 
elaviele; the other 
head attaehes to 
manubrium 

Mastoid region of 
skull and lateral 
portion of superior 
nuchal line 

Flexes the neek; one 
alone bends head 
toward shoulder and 
rotates neek 


4 


This is a snperior view of an 
isolated mandible. Several mnseles 


extending from the hyoid bone to the 
mandible form the mnsenlar floor of the 
month and snpport the tongne. 



Genioglossus 

(cut) 

Mylohyoid 

Geniohyoid 


Mandible 


Module 10.8 Revìew 


a. Listthe musclesofthetongue. 

b. VVhieh muscles elevate the soft palate? 

e. VVhieh muscles assoeiated with the 
hyoid form the floor of the mouth? 


10.8 Identify the tongue, pharynx, and neek muscles, and eite their origins, insertions, and aetions. 
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Module10.9 


r 


The muscles of the vertebral column 
support and alígn the axial skeleton 



The muscles of the vertebral column 

are arranged in several layers. They 
inelnde mnseles originating or inserting on the 
ribs and the proeesses of the vertebrae. 
Althongh this mass of mnseles extends from 
the saernm to the sknll, eaeh mnsele gronp 
is eomposed of nnmerons separate 
mnseles of varions lengths. 


Spínal Extensors, Deep Layer 


Semìspinalìs Group 


Semispinalis eapitis 


Semispinalis eervieis 
Semispinalis thoraeis 


l\/lultifidus 


Spínal Flexors 


Quadratus lumborum 


Longus 

eapitis 


Longus 


Muscles of the anterior 
eervieal spine 



Spínal Extensors, Superfícíal Layer 


Splenius eapitis 


Ereetor Spínae Muscles 


Longissimus eapitis 


Spinalis eervieis 


Longissimus eervieis 


llioeostalis eervieis 


llioeostalis thoraeis 


Longissimus thoraeis 


Spinalis thoraeis 


llioeostalis lumborum 


The ereetor spínae 

muscles are subdivided 
into spìnalìs, longìssìmus, 
and ílìoeostalìs muscle 
groups. (The individual 
muscles are listed above.) 
These subdivisions are 
based on proximity to the 
vertebral column. 


Thoraeodorsal faseia 


Posterior 

view 
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Muscles of the Vertebral Column 


Group and Muscle Orìgìn Insertìon Aetíon 

Spìnal Extensoirs — Saperfìdal Layer 


Splenìus 

(splenius eapitis, 
splenius eervieis) 

Ereetor spínae 

Spinalis eervieis 


Spinalis thoraeis 


Longissimus eapitis 


Longissimus eervieis 


Longissimus thoraeis 



Spinous proeesses and ligaments Mastoid proeess, oeeipital bone Together, the two sides extend neek; 

eonneeting inferior eervieal and of skull, and superior eervieal alone, eaeh rotates and laterally flexes 

superior thoraeie vertebrae vertebrae neekto that side 


Inferior portion of ligamentum 
nuchae and spinous proeess of Gy 

Spinous proeesses of inferior thoraeie 
and superior lumbar vertebrae 

Transverse proeesses of inferior 
eervieal and superior thoraeie 
vertebrae 

Transverse proeesses of superior 
thoraeie vertebrae 


Broad aponeurosis and transverse 
proeesses of inferior thoraeie and 
superior lumbar vertebrae; joins 
ilioeostalis 


Spinous proeess of axis 


Spinous proeesses of superior 
thoraeie vertebrae 

Mastoid proeess of temporal bone 


Transverse proeesses of middle and 
superior eervieal vertebrae 


Transverse proeesses of superior 
vertebrae and inferior surfaces of 
ribs 


Extends neek 


Extends vertebral column 


Together, the two sides extend head; 
alone, eaeh rotates and laterally flexes 
neekto that side 

Together, the two sides extend head; 
alone, eaeh rotates and laterally flexes 
neekto that side 

Extends vertebral column; alone, eaeh 
produces lateral flexion to that side 



llíoeostalìs eervíeís 


llíoeostalís thoraeís 


llíoeostalìs lumborum 


Superior borders of vertebrosternal 
ribs near the angles 

Superior borders of inferior seven 
ribs medial to the angles 

lliae erest, saeral erests, and spinous 
proeesses 


Splnal Extensors — Deep Layer 


Transverse proeesses of middle and Extends or laterally flexes neek, 
inferior eervieal vertebrae elevates ribs 

Dpper ribs and transverse proeess Stabilizes thoraeie vertebrae in 
of last eervieal vertebra extension 

Inferior surfaces of inferior seven Extends vertebral column, depresses 
ribs near their angles ribs 



Semíspínalís eapítís Articular proeesses of inferior eervieal Oeeipital bone, between nuchal Together, the two sides extend head; 

and transverse proeesses of superior lines alone, eaeh extends and laterally 

thoraeie vertebrae flexes neek 


Semíspínalís eervieís 

Transverse proeesses ofT^-T^ orTg 

Spinous proeesses of e^-e^ 

Extends vertebral column and rotates 
toward opposite side 

Semíspínalís thoraeís 

Transverse proeesses ofTg-T^o 

Spinous proeesses of G^-T^ 

Extends vertebral column and rotates 
toward opposite side 

IVIultifìdus 

Sacrum and transverse proeesses of 
eaeh vertebra 

Spinous proeesses of the third or 
fourth more superior vertebrae 

Extends vertebral column and rotates 
toward opposite side 


Splnal Flexors 

Longuscapitis 

Transverse proeesses of eervieal 
vertebrae 

Base of the oeeipital bone 

Together, the two sides flex the neek; 
alone, eaeh rotates head to that side 

Longuscolli 

Anterior surfaces of eervieal and 
superior thoraeie vertebrae 

Transverse proeesses of superior 
eervieal vertebrae 

Flexes or rotates neek; limits 
hyperextension 

Quadratus lumborum 

lliae erest and iliolumbar ligament 

Last rib and transverse proeesses of 
lumbar vertebrae 

Together, they depress ribs; alone, 
eaeh side laterally flexes vertebral 
column 


2 


Note that this table lists many extensors of the vertebral column, 
but few flexors. The vertebral column does not need a massive 


series of flexor muscles because (1) many of the large trunk muscles 
flex the vertebral column when they eontraet, and (2) most of the body 
weight lies anterior to the vertebral column, and gravity tends to flex 
the spine when unopposed by the extensor muscles. 


Modyle 10.9 Revìevv 


a. Listthespinal flexor muscles. 

b. VVhieh muscles enable you to extend your neek? 

e. VVhat might account for a laek of massive flexor muscles? 


10.9 Identify the vertebral column muscles, and eite their origins, insertions, and aetions. 
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Module 10.10 


The oblìque and rectus muscles 
form the muscular vvalls of the trunk 



The oblique and rectus muscle groups 
share embryologieal origins. The 
sealene mnseles extend from the eervieal 
vertebrae in the neek to the first two ribs. 



Anterior view, frontal seetion 


Rectus 

abdominis 


Xiphoid Gostal External 

proeess eartilages oblique 


External 

intereostal 


Internal 

intereostal 


Esophagus 

Serratus 

anterior 

Diaphragm 



Inferior 
vena eava 


Thoraeie aorta Spinal eord Ereetor spinae group 




Linea alba 


External 

oblique 

Transversus 

abdominis 


Quadratus 

lumborum 


Internal 

oblique 


Superìor vìew of the dìaphragm 


Rectus abdominis Rectus sheath 


External 

oblique 

Tendinous 

inseription 


Linea alba 


Serratus 

anterior 


Internal intereostal 

External intereostal 
External oblique (cut) 


Internal oblique 


Thoracolumbar 

faseia 


Cut edge of 
rectus sheath 


Transverse seetion through 
the abdomínal eavity 


Rectus abdominis 


Snperfieial muscles are shown on the right side 
of the body, and deeper muscles of the oblique 


and rectus groups are shown on the left side. 
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Oblíque and Rectus Muscles 


Groupand Muscle 

Origin 

Insertion 

Aetìon 

Oblìque Group 

CERVICAL 

REGION 

1 

Sealenes 

Transverse and eostal proeesses of 
eervieal vertebrae 

Superior surfaces of fìrst two ribs 

Elevate ribs or flex neek 

u 

External íntereostals 

Inferior border of eaeh rib 

Superior border of more inferior rib 

Elevate ribs 

<2 
O uj 

Internal intereostals 

Superior border of eaeh rib 

Inferior border of the preeeding rib 

Depress ribs 

z ee 

Transversus thoraeis 

Posterior surface of sternum 

Gartilages of ribs 

Depress ribs 

ABDOMINAL 

REGION 

External oblique 

External and inferior borders of ribs 
5-12 

Linea alba and iliae erest 

Gompresses abdomen, depresses 
ribs, fìexes or bends spine 

Internal oblique 

Lumbodorsal faseia and iliae erest 

Inferior ribs, xiphoid proeess, and 
linea alba 

Gompresses abdomen, depresses 
ribs, fìexes or bends spine 

Transversus abdominis 

Gartilages of ribs 6-12, iliae erest, and 
lumbodorsal faseia 

Linea alba and pubis 

Gompresses abdomen 

Rectus Croup 

THORAeie 

REGION 

1 

Diaphragm 

Xiphoid proeess, eartilages of ribs 

4-10, and anterior surfaces of lumbar 
vertebrae 

Gentral tendinous sheet 

Gontraetion expands thoraeie eavity, 
eompresses abdominopelvie eavity 

BDOMINAL 

REGION 

Rectusabdominis 

Superior surface of pubis around 
symphysis 

Inferior surfaces of eostal eartilages 
(ribs 5-7) and xiphoid proeess 

Depresses ribs, fìexes vertebral 
column, eompresses abdomen 


< 


3 


This is an inferior view of 
the diaphragm, showing 


Sternum 


its major landmarks. 


Gentral tendon 
of diaphragm 

Inferior 
vena eava 


Impression 
for liver 


12th rib 




Quadratus 
lumborum (cut) 


Xiphoid proeess 
Gostal eartilages 


Esophagus in esophageal hiatus 


Impression 
for stomaeh 


Aorta 


a. VVhieh muscle forms the deepest layer 
of the abdominal wall muscles? 

b. VVhieh muscleconnectstheribsand 
sternum to the pubic bones? 

e. VVhat istheaetion oftheexternal 
oblique muscle? 


10.10 Identify the trunk muscles, and eite their origins, insertions, and aetions. 
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Module 10.11 


The muscles of the pelvie floor support 
the organs of the abdomínopelvíe eavity 


Superfìcìal Dìsseetìons 


UROGENITALTRIANGLE 


Vagina 


Drethra 


Llrogenìtal Trìangle 

lschiocavernosus 

Bulbospongiosus 


Superficial 
transverse perineal 


Anus 


Gluteus nnaxinnus 



Deep Dìsseetìons 


Llrogenìtal Dìaphragm 


External urethral sphineter 
Deep transverse perineal 


Gentral tendon of perineom 


Pelvìe Dìaphragm 


Pubococcygeus -i 


lliococcygeus 


Levator 

ani 


External anal sphineter 
Coccygeus 


Sacrotuberous ligament 


Female 


ANALTRIANGLE 



The muscles of the pelvie floor form the 
perineum (per-i-N£-um), a muscular sheet 
that spans the pelvie outlet. Females and males have 
different snperfieial mnseles assoeiated with their 
external genitalia. 


2 


There are no differenees between the deep 
perineal musculature of females and males. 


Drethra (eonneeting 
segment removed) 


Testis 


Llrogenìtal Trìangle 


lschiocavernosus 


Bulbospongiosus 


Superficial 
transverse perineal 


Anus 


Gluteus maximus 




External urethral sphineter 
Deep transverse perineal 


Gentral tendon of perineum 


Pelvìe Dìaphragm 

Pubococcygeus ^ 

lliococcygeus — 
External anal sphi 
Coccygeus 

- Levator 
ani 

neter 


Sacrotuberous ligament 


ANAL 

TRIANGLE 


Male 
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Muscles of the Pelvie Floor 


Group and Muscle 

Orìgìn 

Insertíon 

Aetìon 

Urogenital Trìangle 


Bulbospongiosus 

.111 

Females 

eollagen sheath at base of elitoris; 
fibers run on either side of urethral 
and vaginal opening 

Gentral tendon of perineum 

Gompresses and stiffens elitoris; 
narrows vaginal opening 

il u 

ee \A 

ès 

Males 

Gollagen sheath at base of penis; 
fibers eross over urethra 

Median raphe and eentral tendon 
of perineum 

Gompresses base and stiffens 
penis; ejeets urine or semen 

lschíocavernosus 

isehial ramus and tuberosity 

Pubic symphysis anterior to base 
of penis or elitoris 

Gompresses and stiffens penis or 
elitoris 


Superfìcíal transverse 
períneal 

isehial ramus 

Gentral tendon of perineum 

Stabilizes eentral tendon of 
perineum 


Urogenìtal dìaphragm 


DEEP 

USCLES 

Deep transverse 
períneal 

isehial ramus 

Median raphe of urogenital 
diaphragm 

Stabilizes eentral tendon of 
perineum 

External urethral 
sphíneter 


Females 

isehial and pubic rami 

To median raphe; inner fibers 
eneirele urethra 

eioses urethra; eompresses vagina 
and greater vestibular glands 


Males 

isehial and pubic rami 

To median raphe at base of penis; 
inner fibers eneirele urethra 

eioses urethra; eompresses 
prostate and bulbourethral glands 

Anal Trìangle 

Pelvie díaphragm 

Coccygeus 

isehial spine 

Lateral, inferior borders of sacrum 
and coccyx 

Flexes eoeeygeal joints; tenses and 
supports pelviefloor 

Levator aní 


llíococcygeus 

isehial spine, pubis 

Coccyxand median raphe 

Tenses floor of pelvis; flexes 
eoeeygeal joints; elevates and 
retraets anus 


Pubococcygeus 

Inner margins of pubis 

Coccyxand median raphe 

Tenses floor of pelvis; flexes 
eoeeygeal joints; elevates and 
retraets anus 

External anal sphíneter 

Coccyx 

Eneireles anal opening 

eioses anal opening 


The urogenital and pelvie diaphragms do not eompletely 
elose the pelvie outlet, because the urethra, vagina, and 
anus pass through them to open at the exterior. Muscular 
sphineters surround their openings and permit volnntary 
eontrol of nrination and defeeation. Mnseles, nerves, and 
blood vessels also pass throngh the pelvie outlet as they 
travel to or from the lower limbs. 


Modyle 10.11 Revíew 


a. VVhieh myseles make up the urogenital 
diaphragm? 

b. In females, what is the aetion ofthe 
bulbospongiosus muscle? 

e. The coccygeus muscle extends from 
the sacrum and coccyx to which 
structure? 


10.11 Identify the pelvie floor muscles, and eite their origins, insertions, and aetions. 
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SECTION 2 Revíew 

L 


Labelíng 


Label eaeh of the indieated myseles of the faee in 
the follovving diagram. 



Label eaeh of the indieated muscles of the neek 
in the follovving diagram. 
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SEGTION 3 • AppendicularIVIuscles 


The appendicular muscles stabilize 
position, and support the limbs 

In the following modnles, we will gronp the appendienlar 
mnseles by their aetions and origins. Mnsele aetions ean 
be deseribed in two ways. The first deseribes 
aetions in terms of the bone or region affeeted. 

For example, we say a mnsele such as the bieeps 
braehii performs “flexion of the forearm.” Or, we 
list muscles as groups, such as ''muscles that 
move the forearm.” 

Speeialists, such as kinesiologists and 
physieal therapists, use the alternate, 
seeond way by identifying the joint 
involved. In this approaeh, we say the 
aetion of the bieeps braehii muscle is 
''flexion at (or of) the elbow.” In 
general, we will use this seeond 
way of deseribing muscle aetions. 


f 


Lower Lìmb 



These muscles originate in the 
pelvie region, and typieally 
insert on the femur. 



These muscles originate on 
the pelvis and femur, and 
insert on the tibia and/or 
fibula. 


Extrìnsìc Muscles That Move 
the Foot and Toes 


These muscles originate on 
the tibia and fibula, and insert 
on the tarsals, metatarsals, 
and/or phalanges. 



These muscles originate 
primarily on the tarsal and 
metatarsal bones, and insert 
on the phalanges. 



llpper Lìmb 


Muscles That Posìtìon 
the Peetoral Gírdle 

These muscles originate on 
the axial skeleton and insert 
on the elaviele and scapula. 



These muscles originate on 
the peetoral girdle and the 
thoraeie eage and insert on 
the humerus. 


Muscles That Move the 


Forearm and Hand 


These muscles primarily 
originate on the peetoral 
girdle and arm, and insert on 
the radius, ulna, and/or 
earpals. 


Extrínsíc Muscles of the 
Hand and Fingers 

These muscles primarily 
originate on the humerus, 
radius, and ulna, and insert 
on the metaearpals and 
phalanges. 


intrínsíe Muscles of the Hand 

These are the muscles that 
perform fine movements. 

They originate primarily on 
the earpal and metaearpal 
bones, and insert on the 
phalanges. 


Modyle 10.12 Revíew 


a. ldentifythefunction oftheappendicular muscles. 

VVhere do the muscles that position eaeh peetoral 
girdleoriginate? 

From which region is a muscle likely to originate if 
it inserts on the femur? 


10.12 Deseribe the general functions of the muscles of the upper and lower limbs. 
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Module 10.13 


r 


The largest appendícular 
muscles orìginate on the trunk 



In general, mnsdes originating on the trnnk eontrol gross (large 
seale) movements of the limbs. These mnsdes are often large and 
powerfuL Distally, the limb musdes get smaller and more numerous, and 
their movements beeome more preeise. 


Superfìcìal Dìsseetìon 


Deep Dìsseetìon 


Axìal Moseles 


Axíal Muscles 


Platysma 


Appendìcular Muscles 


Deltoid 


Peetoralis major 


Latissimus dorsi 


Serratus anterior 


Axìal Muscles 


External oblique 


Rectus sheath 


Superficial inguinal ring 


Appendìcular Muscles 


Tensorfaseiae latae 


Sartorius 


Rectus femoris 



Sternoeleidomastoid 


Appendìcular Muscles 

Trapezius 

Subclavius 

Deltoid (cut 
and refleeted) 

Peetoralis minor 
Subscapularis 

Peetoralis major 
(cut and refleeted) 

Goraeobraehialis 
Bieeps braehii 
Teres major 
Serratus anterior 


Axìal Muscles 


External intereostal 

Internalintereostal 
Internal oblique (cut) 

External oblique 
(cut and refleeted) 

Rectus abdominis 
Transversus abdominis 


Appendìcular Muscles 

Gluteus medius 
lliopsoas 

Pectineus 

Adductor longus 

Graeilis 


Anterior view 
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Appendicular muscles that originate 
on the large bones of the limb girdles 


and the proximal bones of the limbs 
dominate the posterior trunk. 


Superfícìal Dìsseetìon 


Deep Dìsseetìon 



Sternoeleidomastoid 


Appendìcular Moseles 


Trapezius 


Deltoid 


lnfraspinatus 
Teres minor 


Teres major 


Trieeps 

braehii 


Latissimus dorsi 


Gluteus medius 


Gluteus maximus 



Axìal Muscles 


Semispinalis eapitis 
Splenius eapitis 



Levator scapulae 
Supraspinatus 
Rhomboid minor 


Rhomboid major 


Axlal Muscles 


Ereetor spinae 
muscle group 


External oblique 


Modyle 10.13 Revíew 


Posterior view 


a. VVhieh axial muscle isoften 
known asthe"six-pack"in 
physieallyfit people? 

Deseribe the appearanee of the 
appendicular muscles as you 
move proximally to distally. 

Identify to which division, axial 
or appendicular, the following 
muscles belong: deltoid, 
external oblique, gluteus 
maximus, peetoralis major, 
platysma, and rectus femoris. 


10.13 Identify the prineipal appendicular muscles. 
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Module 10.14 


r 


Muscles that posìtion eaeh peetoral girdle originate 
on the oeeipital bone, superior vertebrae, and ribs 



Serratus anterior 


Internal intereostals ^ 


Trapezius 
Levator scapulae 

Subclavius 


Muscles That Posìtion 
the Peetoral Gìrdle 


Peetoralis minor 


Peetoralis minor 
(cut) 


External intereostals 


The muscles that position the peetoral girdles also anehor the peetoral 
girdles to the axial skeleton. Although these muscles have a smaller 
range of motion eompared with other appendienlar mnseles, they help 
to inerease upper limb mobility. 


Moseles That Posìtion 
the Peetoral Girdle 


Several deep muscles of the ehest, 
notably the peetoralis minor and 
serratns anterior, work with the trape- 
zius and levator seapnlae of the baek to 
position and stabilize eaeh peetoral 
girdle. 


Anterior view 


Muscles That Position the Peetoral Girdle 


Muscle 

Origin 

Insertion 

Aetion 

Levator scapulae 

Transverse proeesses of first four 
eervieal vertebrae 

Vertebral border of scapula near 
superior angle 

Elevates scapula 

Peetoralìs mìnor 

Anterior-superior surfaces of ribs 
2-4, 2-5, or 3-5 depending on 
anatomieal variation 

Goraeoid proeess of scapula 

Depresses and protraets shoulder; rotates scapula so 
glenoid eavity moves inferiorly (downward rotation); 
elevates ribs if scapula is stationary 

Rhomboìd major 

Spinous proeesses of superior 
thoraeie vertebrae 

Vertebral border of scapula from 
spine to inferior angle 

Adducts scapula and performs downward rotation 

Rhomboid minor 

Spinous proeesses of vertebrae 
C7 -Ti 

Vertebral border of scapula near 
spine 

Adducts scapula and performs downward rotation 

Serratus anterìor 

Anterior and superior margins of 
ribs 1-8 or 1-9 

Anterior surface of vertebral border 
of scapula 

Protraets shoulder; rotates scapula so glenoid eavity 
moves superiorly (upward rotation) 

Subclavius 

First rib 

eiaviele (inferior border) 

Depresses and protraets shoulder 

Trapezius 

Oeeipital bone, ligamentum 
nuchae, and spinous proeesses 
of thoraeie vertebrae 

eiaviele and scapula (aeromion and 
scapular spine) 

Depends on aetive region and state of other muscles; 
may (1) elevate, retraet, depress, or rotate scapula 
upward, (2) elevate elaviele, or (3) extend neek 
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The broad trapezius is the largest muscle in this 
■■ group. The rhomboid major and rhomboid minor 
muscles, and levator scapulae lie deep to the trapezius. 


Superfìcìal Dìsseetìon 


Muscles That Posìtìon 
the Peetoral Gìrdle 


Trapezius 



Deep Dìsseetìon 



Muscles That Posítíon 
the Peetoral Girdle 


Levator scapulae 


Rhomboid minor 


Rhomboid major 


Serratus anterior 


T^^vertebra 


Posterior view 


The large, superficial trapezius muscles, eommonly 
ealled the 'Traps,” eover the baek and portions of 
the neek, reaehing to the base of the skull. These 
muscles are innervated by more than one nerve. 

For this reason, speeifie regions ean be made to 
eontraet independently. As a result, their aetions 
are quite varied. 


Modnle 10.14 Revíew 


a. Identify the largest ofthe superficial 
muscles that position the peetoral 
girdle. 

b. VVhieh musclesenableyou toshrug 
yourshoulders? 

e. VVhieh muscle originates on the first rib 
and inserts on the inferior border of the 
elaviele? 


10.14 Identify the peetoral girdle muscles, and 
eite their origins, insertions, and aetions. 
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Module 10.15 


Muscles that move the arm oríginate on the elavìele, 
scapula, thoraeie eage, and vertebral column 


Superfìcìal Dìsseetìon 



Moseles That 
Move the Arm 

Deltoid 
Peetoralis major 


Sternum 

eiaviele 


Ribs (cut) 


This anterior view 
shows mnseles that 
move the arm and originate 
on the anterior snrfaee of 
the ehest and the anterior 
snrfaee of the seapnla. 


Deep Dìsseetìon 


MusclesThat 
Move the Arm 

Subscapularis 
Goraeobraehialis 
Teres major 


VertebraTi2 



Superfícìal Dìsseetìon 


Deep Dìsseetìon 


MusclesThat 
Move the Arm 


Supraspinatus 
lnfraspinatus 
Teres minor 
Teres major 


MusclesThat 
Move the Arm 


Vertebra T^ 


Thoracolumbar faseia 


Latissimus dorsi 


Supraspinatus 

Deltoid 


In a posterior view, 
the latissimns dorsi 


and deltoid mnseles are 
the largest snperfieial 
mnseles assoeiated with 
arm movements. Many 
smaller mnseles of this 
gronp originate on the 
seapnla. 
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Muscles That Move the Arm 

Muscle 

Orígín 

Insertíon 

Aetìon 

Deltoìd 

eiaviele and scapula (aeronnion and 
adjaeent scapular spine) 

Deltoid tuberosity of humerus 

Whole muscle: abduction at shoulder; 
anterior part: flexion and medial rotation; 
posterior part: extension and lateral 
rotation 

Supraspìnatus 

Supraspinousfossa of scapula 

Greater tubercle of humerus 

Abduction at shoulder 

Subscapularìs 

Subscapular fossa of scapula 

Lesser tubercle of humerus 

Medial rotation at shoulder 

Teres major 

Inferior angle of scapula 

Passes medially to reaeh the medial lip 
of intertubercular groove of humerus 

Extension, adduction, and medial rotation 
at shoulder 

lnfraspìnatus 

lnfraspinous fossa of scapula 

Greater tubercle of humerus 

Lateral rotation at shoulder 

Teres mìnor 

Lateral border of scapula 

Passes laterally to reaeh the greater 
tubercle of humerus 

Lateral rotation at shoulder 

Coracobrachìalìs 

Goraeoid proeess 

Medial margin of shaft of humerus 

Adduction and flexion at shoulder 

Peetoralìs major 

Gartilages of ribs 2-6, body of sternom, 
and inferior, medial portion of elaviele 

Grest of greater tubercle and lateral lip 
of intertubercular groove of humerus 

Flexion, adduction, and medial rotation at 
shoulder 

Latìssìmus dorsì 

Spinous proeesses of inferior thoraeie 
and all lumbar vertebrae, ribs 8-12, and 
lumbodorsal faseia 

Floor of intertubercular groove of the 
humerus 

Extension, adduction, and medial rotation 
at shoulder 


The aetion of mnseles positioning the arm ean be nnder- 
stood by eonsidering their direetion of pull relative to the 
eenter of the glenoid eavity. The arrows indieate the line of foree, 
or line of aetion, produced when a muscle eontraets. 



Extensìon 


Abductìon 


Flexìon 



Deltoid 


Tendons of 
bieeps braehii 


Lateral rotatìon 


Teres Medìal rotatíon 

major 


POSTERIOR 


Teres minor 


ANTERIOR 


Subscapularis 


Trieeps 

braehii 


Adductìon 


Collectively, the supraspinatus, 
infraspinatus, teres minor, and 
subscapularis muscles and their 
assoeiated tendons form the rotator 
cuff. The aeronym SITS assists in 
remembering these four muscles. 
Sports that involve throwing a ball, 
such as baseball or football, plaee 
eonsiderable strain on the rotator cuff, 
and rotator cuff injuries are relatively 
eommon. 


Modyle 10.15 Revìew 


a. Define lineofaetion. 

b. Namethe musclethat abductsthe 
upperarm. 

e. VVhieh muscleoriginateson the 
anterior surface of the scapula and 
inserts on the lessertubercle of the 
humerus? 


10.15 Identifythe muscles that move the arm, 
and eite their origins, insertions, and aetions. 
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Module 10.16 


Muscles that move the forearm and hand 
orìgìnate on the scapula, humerus, radìus, or ulna 



This posterior view shows the 
muscles involved in extension 


elbow and wrist. 


superficial 
at the 


This anterior view shows the super- 
fieial muscles involved in flexion at the 
elbow and wrist. 



Oleeranon 
of ulna 


Flexor earpi 
ulnaris 


Radius 


Elbow Extensors 


Trieeps braehii 
Anconeus 


Wrist Extensors 


Extensor earpi ulnaris 



Elbow Flexors 


Bieeps braehii 
Braehialis 


Braehioradialis 


Wríst Flexors 


Extensor earpi radialis 


Extensor earpi radialis 
brevis 


Flexor earpi radialis 
Palmaris longus 


Flexor earpi ulnaris 


The extensor 
retínaculum 

(ret-i-NAK-yu-lum), 
a wide band of 
eonneetive tissue, 
holds the tendons 
of the extensor 
muscles in plaee. 



Goraeoid proeess 
of scapula 


Humerus 


Elbow Extensors 


Trieeps braehii 


Medial epieondyle 
of humerus 


Pronators and 
Supìnators 


Pronator teres 
Supinator 

Pronator 

quadratus 


The flexor retìnaculum, 

a wide band of eonnee- 
tive tissue, stabilizes the 
tendons of the flexor 
muscles. 


Posterìor vìew 


Anterìor vìew 
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MusclesThat Move the Forearm and Hand 


Group and Muscle 

Orìgìn 

Insertìon 

Aetíon 

Aetion at the Elbow 

ee 

o 

Bìeeps braehíí 

One head from the eoraeoid proeess; 
the other from the supraglenoid 
tubercle (both on the scapula) 

Tuberosity of radius 

Flexion at elbow and shoulder; 
supination 

X 

UJ 

Braehìalis 

Anterior, distal surface of humerus 

Tuberosity of ulna 

Flexion at elbow 

LL 

Braehíoradìalìs 

Ridge superior to the lateral 
epieondyle of humerus 

Lateral aspeet of styloid proeess 
of radius 

Flexion at elbow 

t/) 

ee 

O 

\A 

z 

111 

lll 

Anconeus 

Posterior, inferior surface of lateral 
epieondyle of humerus 

Lateral margin of oleeranon on 
ulna 

Extension at elbow 

Trìeeps braehìì 

One head from the superior, lateral 
margin of humerus, one from 
infraglenoid tubercle of scapula, 
and one from posterior surface of 
humerus inferiorto radial groove 

Oleeranon of ulna 

Extension at elbow, plus 
extension and adduction atthe 
shoulder 

og 

Pronator quadratus 

Anterior and medial surfaces of distal 
portion of ulna 

Anterolateral surface of distal 
portion of radius 

Pronation 

Pronator teres 

Medial epieondyle of humerus and 
eoronoid proeess of ulna 

Midlateral surface of radius 

Pronation 

ee 3 

O. V) 

Supìnator 

Lateral epieondyle of humerus, 
annular ligament, and ridge near 
radial noteh of ulna 

Anterolateral surface of radius 
distal to the radial tuberosity 

Supination 

Aetìon at the Hand 


Flexorcarpì radìalís 

Medial epieondyle of humerus 

Bases of seeond and third 
metaearpal bones 

Flexion and abduction at wrist 

FLEXORS 

Flexorcarpì ulnarís 

Medial epieondyle of humerus; 
adjaeent medial surface of oleeranon 
and anteromedial portion of ulna 

Pisiform bone, hamate bone, and 
base of fìfth metaearpal bone 

Flexion and adduction at wrist 


Palmaris longus 

Medial epieondyle of humerus 

Palmar aponeurosis and flexor 
retinaculum 

Flexion at wrist 

«/) 

oe 

O 

z 

Extensor earpi radìalìs longus 

Lateral supracondylar ridge of 
humerus 

Base of seeond metaearpal bone 

Extension and abduction at 
wrist 

Extensor earpì radìalis brevìs 

Lateral epieondyle of humerus 

Base of third metaearpal bone 

Extension and abduction at wrist 

LLI 

>< 

Lll 

Extensor earpì ulnaris 

Lateral epieondyle of humerus; 
adjaeent dorsal surface of ulna 

Base of fìfth metaearpal bone 

Extension and adduction at 
wrist 


3 


Synovial tendon sheaths are tubular bursae that surround tendons where 
they eross bony snrfaees. The tendons of the flexor mnseles pass throngh 


such sheaths as they pass deep to the flexor retinaculum. Inflammation of the 
flexor retinaculum and synovial tendon sheaths ean restriet movement and put 
pressure on the distal portions of the median nerve, a mixed (sensory and motor) 
nerve that innervates the hand. This eondition, known as earpal tunnel syndrome, 
causes tingling, nnmbness, weakness, and ehronie pain in the wrist and hand. 



Garpal tunnel 


Median nerve 


Flexor retinaculunn 
Synovial tendon sheaths 


Triquetrum 

Lunate 

Seaphoid 


Garpal 

bones 


Pisiform 


Cross seetion of 
right wrist (palm up) 


Module 10.16 Revìew 


a. Define retinaculum. 

b. Are the wrist extensors loeated on 
the anterior surface or the posterior 
surface of the forearm? 

e. VVhieh muscles are involved in turning 
a doorknob? 


10.16 Identify the forearm muscles, and 
eite their origins, insertions, and aetions. 
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Module 10.17 


Muscles that nnove the hand and fìngers oríginate on 
the humerus, radìus, ulna, and ìnterosseous membrane 



In anterior view, the large flexor digitornm 
snperfieialis eovers the smaller digital flexors. 


Tendon of 
bieeps braehii 


Braehioradialis 

(retraeted) 


LATERAL 



Median nerve 


Braehial artery 
Radius 

Flexor earpi ulnaris 
(retraeted) 


Fìngers and Thumb 


Flexor digitorum superficialis 
Flexor digitorum profundus 


Flexor pollieis longus 


Anterìor vìew, 
mìddle layer 


Supinator 


Muscles That Flex the 



Cut tendons of 
flexor digitorum 
superficialis 


Anterìor vìew, 
deepest layer 


MusclesThat Move the Hand and Fíngers 

Muscle 

Origin 

Insertion 

Aetìon 

Abductor pollìeìs longus 

Proximal dorsal surfaces of ulna and 
radius 

Lateral margin of fìrst metaearpal 
bone 

Abduction at earpometaearpal joint 
of thumb and wrist 


Extensor dígitorum 

Lateral epieondyle of humerus 

Posterior surfaces of the phalanges, 
fingers 2-5 

Extension at finger joints and wrist 

f 

Extensor pollíeis 
brevis 

Shaft of radius distal to origin of 
abductor pollieis longus 

Base of proximal phalanx of thumb 

Extension at earpometaearpal joint 
of thumb; abduction at wrist 

VI 

ee 

O 

z 

Extensor pollieis 
longus 

Posterior and lateral surfaces of ulna 
and interosseous membrane 

Base of distal phalanx of thumb 

Extension at earpometaearpal joint 
of thumb; abduction at wrist 

UJ 

>< 

lij 

Extensor indieis 

Posterior surface of ulna and 
interosseous membrane 

Posterior surface of phalanges of 
index finger (2), with tendon of 
extensor digitorum 

Extension and adduction at joints of 
indexfinger 


Extensor digiti minimi 

By extensor tendon to lateral 
epieondyle of humerus and from 
intermuscular septa 

Posterior surface of proximal phalanx 
of little finger (5) 

Extension at joints of little finger 


Flexor digitorum 
superfìcialis 

Medial epieondyle of humerus; 
adjaeent anterior surfaces of ulna and 
raclius 

Midlateral surfaces of middle 
phalanges of fingers 2-5 

Flexion at proximal interphalangeal, 
metaearpophalangeal, and wrist 
joints 

FLEXORS 

Flexor digitorum 
profundus 

Medial and posterior surfaces of ulna, 
medial surface of eoronoid proeess, 
and interosseus membrane 

Bases of distal phalanges of fingers 

2-5 

Flexion at distal interphalangeal 
joints and, to a lesser degree, 
proximal interphalangeal joints and 
wrist 


Flexor pollieis longus 

Anterior shaft of radius, interosseous 
membrane 

Base of distal phalanx of thumb 

Flexion at earpometaearpal joint 
of thumb 
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Anconeus 



IVIuscles That 
Extend the Fingers 


Extensor digitorum 
Extensor digiti minimi 


Abductor pollieis longus 
Extensor pollieis brevis 


Tendon of extensor 
pollieis longus 


LATERAL 


Posteríor víew, 
middle layer 


Extensor 

indieis 


Tendon of extensor 
digiti minimi (cut) 

Tendons of extensor 
digitorum (cut) 


Anconeus 


Supinator 



Muscles That Move the Thumb 


Extensor pollieis longus 
Abductor pollieis longus 

Extensor pollieis brevis 


Radius 


Posterior view, 
deepest layer 


2 


In posterior view, the mnseles that extend 
the fingers ean only be seen after removal 


of the mnseles involved in wrist movements. 
The deepest digital extensor mnseles are those 
assoeiated with movements of the thnmb. 


As you study these muscles you will notiee that 
extensor mnseles usually lie along the posterior 
and lateral snrfaees of the forearm, whereas 
flexors are typieally found on the anterior and 
medial snrfaees. Remember, the limb must be 
in the anatomieal position for this to be true. 
This information ean be quite useful when you 
are trying to identify a partienlar muscle on a 
quiz or a lab praetieal. 


Modyle 10.17 Revìew 


a. Listthe musclesthatextend the 
fingers. 

b. Namethe musclesthat abductthe 
wrist. 

e. The names of muscles assoeiated with 
the thumb frequently include what 
term? 


10.17 Identify the muscles ofthe hand and fingers, 
and eite their origins, insertions, and aetions. 
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Module 10.18 



The ìntrìnsie muscles of the hand origìnate 
on the earpal and metaearpal bones and 
assoeiated tendons and ligaments 



Disseetion of the palmar snrfaee of 
the hand reveals nnmerons small 
mnseles involved with delieate position- 
ing of the thnmb and fingers. More 
powerful movements are eontrolled 
by the many tendons originating 
at the muscles of the forearm 
eonsidered in Module 10.17. 


intrìnsìe Muscles 
of the Hand 


Lymbrieals 

Palmar interosseus 

First dorsal interosseus 
Abductor digiti minimi 

Flexordigiti minimi brevis 
Opponens digiti minimi 
Palmaris brevis (cut) 



Tendons of flexor digitorum 


intrínsíe Muscles 
of theThumb 


Adductor pollieis 
Flexor pollieis brevis 


Opponens pollieis 
Abductor pollieis brevis 


Anterior view 


2 


Extensor tendons from 


mnseles originating on the 
forearm dominate the posterior 
snrfaee of the hand. 


intrínsìe Muscles of the Hand 


First dorsal interosseus 


Abductor digiti minimi 
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Extensor retinaculum 


Posterior view 


Tendons 
ofextensor 
digitorum 


























































Intrínsk Muscles of the Hand 


Muscle 

Origin 

Insertion 

Aetion 

Palmaris brevis 

Palmar aponeurosis 

Skin of medial border of hand 

Moves skin on medial bordertoward 
midline of palm 

— 

Adductor pollieis 

Metaearpal and earpal bones 

Proximal phalanx ofthumb 

Adduction of thumb 

z 

o 

o 

o 

CQ 

< 

z 

Palmar interosseus 
(3-4) 

Sides of metaearpal bones II, IV, 
and V 

Bases of proximal phalanges of 
fingers 2,4, and 5 

Adduction at metaearpophalangeal 
joints of fìngers 2,4, and 5; flexion at 
metaearpophalangeal joints; extension 
at interphalangeal joints 

Abductor pollieis 
brevis 

Transverse earpal ligament, 
seaphoid bone, and trapezium 

Radial side of base of proximal 
phalanx of thumb 

Abduction of thumb 

o 

o 

o 

o 

< 

Dorsal interosseus (4) 

Eaeh originates from opposing 
faees of two metaearpal bones (1 
and II, II and III, III and IV, IV and V) 

Bases of proximal phalanges of 
fingers 2-4 

Abduction at metaearpophalangeal 
joints of fìngers 2 and 4;fìexion at 
metaearpophalangeal joints; extension 
at interphalangeal joints 


Abductor digiti minimi 

Pisiform bone 

Proximal phalanx of little fìnger 

Abduction of little fìnger and fìexion at 
its metaearpophalangeal joint 


Flexor pollieis brevis 

Flexor retinaculum, trapezium, 
eapitate bone, and ulnar side of 
fìrst metaearpal bone 

Radial and ulnar sides of proximal 
phalanx of thumb 

Flexion and adduction of thumb 

FLEXIOI 

Lumbrical (4) 

Tendons of flexor digitorum 
profundus 

Tendons of extensor digitorum to 
digits 2-5 

Flexion at metaearpophalangeal joints 

2-5; extension at proximal and distal 
interphalangeal joints, digits 2-5 


Flexor digiti minimi 
brevis 

Hamate bone 

Proximal phalanx of little fìnger 

Flexion at joints of little fìnger 

Opponens pollieis 

Trapezium and flexor retinaculum 

First metaearpal bone 

Opposition of thumb 

Opponens digiti minimi 

Trapezium and flexor retinaculum 

Fifth metaearpal bone 

Opposition of fìfth metaearpal bone 


Fine eontrol of the hand involves small intrinsie mnseles 
that originate on the earpal and metaearpal bones. These 
intrinsie mnseles are responsible for (1) flexion and 
extension of the fingers at the metaearpophalangeal 
joints, (2) abdnetion and addnetion of the fingers at the 
metaearpophalangeal joints, and (3) opposition and 
reposition (relaxed position) of the thnmb. No mnseles 
originate on the phalanges, and only tendons extend 
aeross the distal joints of the fingers. 


Modyle 10.18 Revìew 


a. Name the intrinsie muscles ofthe 
thumb. 

b. VVhieh musclesoriginateon the 
phalanges? 

e. If there are no muscles in the fingers, 
how are we able to move them? 


10.18 Identify the intrinsie hand muscles, and 
eite their origins, insertions, and aetions. 
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Module 10.19 


The muscles that move the thìgh orìgínate on 
the pelvìs and assoeíated lígaments and faseíae 



The gluteal group eovers the poste- 
rior and lateral surfaces of the pelvis. 


lliae erest 


Sacrum 


Gluteus medius 

(cut) 


Gluteus maximus 

(cut) 



Gluteal Group 

Gluteus medius 
Gluteus maximus 


Gluteus minimus 

Tensor faseiae 
latae 


lliotibial traet 



wm 


Gluteal muscles, posterior view 


Lateral view of the gluteal region 


2 


This disseetion of the gluteal region shows 
the orientation of the six lateral rotators. 


3 


Gluteal Group 




Gluteus 

Gluteus 

Gluteus 

Tensor 

maximus 

(cut) 

medius 

(cut) 

min 

imus 

faseiae 

latae 


llìopsoas Group 


Psoas major 

lliacus 



Lateral Rotator Group 


Piriformis 


Superior gemellus 
Obturator internus 
Obturator externus 

Inferior gemellus 
Quadratus femoris 


This anterior view shows the isolated iliopsoas 
muscle group and the addnetor group. 


isehial tuberosity 


lliotibial traet 
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lnguinal ligament 


Adductor Group 

Pectineus 
Adductor brevis 
Adductor longus 

Adductor magnus 
Graeilis 







































































Muscles That Move the Thígh 


Groupand Muscle 

Origin 

Insertlon 

Aetíon 

Cluteal Croup 

Gluteus maxìmus 

lliae erest, posterior gluteal line, 
and lateral surface of ilium; sacrum, 
coccyx, and lumbodorsal faseia 

lliotibial traet and gluteal 
tuberosity of femur 

Extension and lateral rotation at hip 

Gluteus medìus 

Anterior iliae erest of ilium, lateral 
surface betvveen posteriorand 
anterior gluteal lines 

Greater troehanter of femur 

Abduction and medial rotation at hip 

Gluteus mínìmus 

Lateral surface of ilium betvveen 
inferior and anterior gluteal lines 

Greater troehanter of femur 

Abduction and medial rotation at hip 

Tensor faseìae latae 

lliae erest and lateral surface of 
anterior superior iliae spine 

lliotibial traet 

Flexion and medial rotation at hip; tenses faseia 
lata, which laterally supports the knee 

Lateral Rotator Croup 

Obturator 

(externus and internus) 

Lateral and medial margins of 
obturator foramen 

Troehanterie fossa of femur 
(externus); medial surface of 
greater troehanter (internus) 

Lateral rotation at hip 

Píríformis 

Anterolateral surface of sacrum 

Greater troehanter of femur 

Lateral rotation and abduction at hip 

Gemellus 

(superiorand inferior) 

isehial spine and tuberosity 

Medial surface of greater 
troehanter with tendon of 
obturator internus 

Lateral rotation at hip 

Quadratus femorís 

Lateral border of isehial tuberosity 

intertroehanterie erest of femur 

Lateral rotation at hip 

Adductor Croup 

Adductor brevís 

Inferior ramus of pubis 

Linea aspera of femur 

Adduction, flexion, and medial rotation at hip 

Adductor longus 

Inferior ramus of pubis anterior to 
adductor brevis 

Linea aspera of femur 

Adduction, flexion, and medial rotation at hip 

Adductor magnus 

Inferior ramus of pubis posterior 
to adductor brevis and isehial 
tuberosity 

Linea aspera and adductor 
tubercle of femur 

Adduction at hip; superior part produces flexion 
and medial rotation; inferior part produces 
extension and lateral rotation 

Pectíneus 

Superior ramus of pubis 

Peetineal line inferiorto lesser 
troehanter of femur 

Flexion, medial rotation, and adduction at hip 

Graeilís 

Inferior ramus of pubis 

Medial surface of tibia inferior to 
medial eondyle 

Flexion at knee; adduction and medial rotation 
at hip 

llìopsoas Croup^ 

lliacus 

lliaefossa of ilium 

Femur distal to lesser troehanter; 
tendon fused with that of psoas 
major 

Flexion at hip 

Psoas major 

Anterior surfaces and transverse 
proeesses of vertebrae (T-i^-Ls) 

Lesser troehanter in eompany 
with iliacus 

Flexion at hip or lumbar intervertebral joints 




The psoas major and iliaens are often eonsidered eolleetively as the iliopsoas 


One method for nnderstanding the aetions of these diverse mnseles is to 
eonsider their orientation aronnd the hip joint. Mnseles originating on the 
snrfaee of the pelvis and inserting on the femnr will prodnee eharaeteristie 
movements determined by their position relative to the aeetabnlnm. Many 
of the mnseles that aet on the hip are very large, and they have insertions 
that extend over a broad area. As a resnlt, these mnseles often have more 
than one aetion line, and therefore prodnee more than one aetion at the 
hip. For example, the aetion of the addnetor magnns varies depending on 
what portion of the mnsele is aetivated; when the entire mnsele eontraets, 
it prodnees a eombination of flexion, extension, and addnetion at the hip. 


Modyle 10.19 Revìew 


a. Namethe myselesthat eomposethe 
gluteal group. 

b. Identifythemuscle vvhoseorigin 
is the lateral border of the isehial 
tuberosity and vvhose insertion is the 
intertroehanterie erest of the femur. 

e. VVhieh leg movement vvould be 
impaired by injurytotheobturator 
muscles? 


10.19 Identify the muscles that move the thigh, 
and eite their origins, insertions, and aetions. 
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Module 10.20 


The muscles that move the leg 
oríginate on the pelvis and femur 



Flexors of the knee originate 
on the pelvie girdle and extend 
along the posterior and medial 
snrfaees of the thigh. 


2 


Most of the extensors of the knee originate on the 


femoral snrfaee and extend along the anterior and lateral 
snrfaees of the thigh. Collectively the knee extensors are ealled 

the quadriceps mnseles or the quadriceps femoris. 



lliae erest 

Gluteus medius 

Tensor faseiae 
latae 


Gluteus maximus 


Adductor magnus 

Graeilis 

lliotibial traet- 


Flexors of the Knee 

Bieeps femoris 

Semitendinosus 

Semimembranosus 

Sartorius 

Popliteus 


\ 


\ 


Anterior superior 
iliae spine 


lnguinal ligament 



'i ^ 




L 


\ 


f }■ , 'V 




/ 


\ 


/ 




lliacus 
Psoas major 


lliopsoas 


Pubic tubercle 


Tensor faseiae 
latae 


Pectineus 


Adductor longus 


Graeilis 


Sartorius 


Extensors of the Knee 
(Quadrìceps muscles) 

Rectus femoris 

Vastus intermedius 
(liesdeepto the 
rectus femoris and 
vastus lateralis) 

Vastus lateralis 

Vastus medialis 





Quadriceps tendon 


Patella 


Patellar ligament 


Posterìor vìew 


Anterìor vìew 
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Muscles That Move the Leg 


Group and Muscle 

Origin 

Insertion 

Aetìon 

Flexors of the Knee 

Bíeeps femorís 

isehial tuberosity and linea aspera of 
femur 

Head of fìbula, lateral eondyle of tibia 

Flexion at knee; extension and lateral 
rotation at hip 

Semimembranosus 

isehial tuberosity 

Posterior surface of medial eondyle 
of tibia 

Flexion at knee; extension and 
medial rotation at hip 

Semítendinosus 

isehial tuberosity 

Proximal, medial surface of tibia near 
insertion of graeilis 

Flexion at knee; extension and 
medial rotation at hip 

Sartorius 

Anterior superior iliae spine 

Medial surface of tibia near tibial 
tuberosity 

Flexion at knee; flexion and lateral 
rotation at hip 

Popliteus 

Lateral eondyle of femur 

Posterior surface of proximal tibial 
shaft 

Medial rotation of tibia (or lateral 
rotation of femur); flexion at knee 

Extensors ofthe Knee 

Rectus femoris 

Anterior inferior iliae spine and 
superior acetabular rim of ilium 

Tibial tuberosity via patellar ligament 

Extension at knee; flexion at hip 

Vastus intermedius 

Anterolateral surface of femur and 
linea aspera (distal half) 

Tibial tuberosity via patellar ligament 

Extension at knee 

Vastus lateralis 

Anterior and inferior to greater 
troehanter of femur and along linea 
aspera (proximal half) 

Tibial tuberosity via patellar ligament 

Extension at knee 

Vastus medialis 

Entire length of linea aspera of femur 

Tibial tuberosity via patellar ligament 

Extension at knee 


This erosS'Seetional view 
shows the positions of the 
major thigh mnseles relative to the 
femnr. Together, the vastns mnseles 
eradle the reetns femoris mnsele 
the way a bun surrounds a hot dog. 
All four muscles insert on the 
patella via the quadriceps tendon. 



POSTERIOR 


Semitendinosus 


Bieeps femoris 

Vastus lateralis 

Vastus intermedius 

Femur 
Rectus femoris 



Semimembranosus 
Seiatie nerve 

Adductor magnus 
Graeilis 

Adductor longus 
Great saphenous vein 

Sartorius 

Vastus medialis 


ANTERIOR 


Module 10.20 Revìew 


a. VVhieh musclesflexthe knee? 

b. Namethequadricepsmuscles. 

e. Identify the muscle whose origin is on 
the lateral eondyle of the femur. 


10.20 Identify the muscles that move the leg, and 
eite their origins, insertions, and aetions. 


Seetion 3: Appendiealor Maseles • 381 































Module 10.21 


r 


The extrìnsìc nriuscles that move the foot 
and toes orìgìnate on the tìbìa and fìbula 



These views show the multiple muscle 
layers in the posterior aspeet of the leg. 


Superfìcìal Dìsseetìon 





Deep Dísseetìon 


Soleus 



Ankle Extensors 


Plantaris 


Gastrocnennius 


Galeaneal 

tendon 


Calcaneus 



2 


These lateral, medial, and anterior views show the 
arrangement of the major snperfieial mnseles. 


Popliteus 


Gastrocnemius 
(cut and removed) 



Head of fibula 



Tibialis posterior 

Fibularis longus 
Fibularis brevis 



Flexor digitorum 
longus 

Flexor hallucis 
longus 


Tendon of flexor digitorum 
longus 

Tendon of fibularis brevis 


Tendon of fibularis 


longus 



Lateral vìew 


Medìal vìew 


Anterìor vìew 


Ankle 

Extensors 


Gastrocnemius 
Fibularis longus 

Soleus 

Fibularis brevis 


Superior extensor 

retinaculum 

Galeaneal tendon 

Inferior extensor 
retinaculum 

Tendon of 
fibularis tertius 


lliotibial 

traet 

Head of 
fibula 



Patella 


Patellar 

ligament 


Ankle Flexors 


Tibialis anterior 


Dígital Extensors 


Extensor digitorum 
longus 

Tendon of extensor 
hallucis longus 



Medial surface 
of tibial shaft 


Ankle Extensors 


Gastrocnemius 

Soleus 

Tibialis posterior 


Superior extensor 
retinaculum 

Galeaneal tendon 

Inferior extensor 
retinaculum 

Tendon of 
tibialis anterior 



Patellar ligament 


Fibularis longus 


Tibialis anterior 


Tibia 


Extensor digitorum 


longus 


Extensor hallucis 
longus 
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Extrìnsíc Muscles That Move the Foot and Toes 


Group and Muscle 

Origin 

Insertìon 

Aetìon 

Aetion at the Ankle 

FLEXORS 

(Dorsìflexors) 

Tìbíalís anterìor 

Lateral eondyle and proximal shaft 
of tibia 

Base of fìrst metatarsal bone and 
medial cuneiform bone 

Flexion (dorsiflexion) at ankle; 
inversion of foot 

Fìbularìs tertìus 

Distal anterior surface of fìbula and 
interosseous membrane 

Dorsal surface of fìfth metatarsal 
bone 

Flexion (dorsiflexion); eversion of 
foot 


Gastrocnemius 

Femoral eondyles 

Calcaneus by ealeaneal tendon 

Extension (plantar flexion) at ankle; 
inversion of foot; flexion at knee 


Fíbularís brevís 

Midlateral margin of fìbula 

Base of fìfth metatarsal bone 

Eversion of foot and extension 
(plantar flexion) at ankle 

XTENSORS 
antar f1exors) 

Fíbularis longus 

Lateral eondyle of tibia, head and 
proximal shaft of fìbula 

Base of fìrst metatarsal bone and 
medial cuneiform bone 

Eversion of foot and extension 
(plantar flexion) at ankle; supports 
longitudinal areh 

Plantaris 

Lateral supracondylar ridge 

Posterior portion of calcaneus 

Extension (plantar flexion) at ankle; 
flexion at knee 


Soleus 

Head and proximal shaft of fìbula 
and adjaeent posteromedial shaft 
of tibia 

Calcaneus by ealeaneal tendon 
(with gastrocnemius) 

Extension (plantar flexion) at ankle 


Tibialis posterior 

lnterosseous membrane and 
adjaeent shafts of tibia and fìbula 

Tarsal and metatarsal bones 

Adduction and inversion of foot; 
extension (plantar flexion) at ankle 

Aetìon at the Toes 


Flexor digitorum longus 

Posteromedial surface of tibia 

Inferior surfaces of distal phalanges, 
toes 2-5 

Flexion at joints of toes 2-5 


Flexor hallucis longus 

Posterior surface of fìbula 

Inferior surface, distal phalanx of 
great toe 

Flexion atjoints ofgreat toe 

<o 

P- V) 

Extensor digitorum 
longus 

Lateral eondyle of tibia, anterior 
surface of fìbula 

Superior surfaces of phalanges, 
toes 2-5 

Extension at joints of toes 2-5 

UJ 

Extensor hallucis longus 

Anterior surface of fìbula 

Superior surface, distal phalanx of 
great toe 

Extension atjoints of great toe 


The largest muscles assoeiated with ankle movement are the 
gastrocnemius and soleus. These muscles produce ankle extension 
(plantar íìexion), a movement essential to walking and rnnning 
(Module 8.4, p. 286). The muscles that move the toes are much smaller, 
and they originate on the snrfaee of the tibia, fibula, or both. Large 
tendon sheaths surround the tendons of the tibialis anterior, extensor 
digitornm longus, and extensor hallneis longus muscles where they 
eross the ankle joint. The positions of these sheaths are stabilized by the 
superior extensor retinaculum and inferior extensor retinaculum, 
tough supporting bands of eollagen fibers. 


Modyle 10.21 Revíew 


a. Name the muscles involved in 
extending the ankle. 

b. How would a torn ealeaneal tendon 
affeet movement of the foot? 

e. Name the muscles involved in flexing 
the toes. 


10.21 Identify the muscles that move the foot and 
toes, and eite their origins, insertions, and aetions. 
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Module 10.22 


r 


The ìntrìnsie mnseles of the 
foot origínate on the tarsal 
and metatarsal bones and 

Lateral malleolus 

of fibula 

Inferior extensor 
retinaculum 

Tendons of extensor 
digitorum longus 


assoeiated tendons 

and ligaments 



This superior view introduces 
some of the intrinsie mnseles of 
the foot. It also reveals the importanee 
of the retinaenla in stabilizing the 
positions of the tendons deseending 
from the leg. 


intrìnsìe IVIuscles 
of the Foot, Toes 2-5 


Dorsal interossei 

Tendons of extensor 
digitorum brevis 



intrinsie mnseles are more numerous on the inferior 
snrfaee of the foot and occur in several layers. 



Superior extensor 
retinaculum 

Medial malleolus 
of tibia 

Tendon of 
tibialis anterior 


intrínsíe Moseles 
of the Foot, Great Toe 

Extensor hallucis 
brevis 

Abductor hallucis 


Tendon of extensor 
hallucis longus 


Superfìcìal Myseles of the 
Soleofthe Foot 


Fibrous tendon 

sheaths 



Tendons of flexor 
digitorum brevis 


intrínsíe Muscles 
of the Foot 


Lumbricals 


Flexor hallucis brevis 


Flexordigiti minimi brevis 


Abductor hallucis 


Quadratus plantae 


Flexor digitorum brevis 
Abductor digiti minimi 



Deep Moseles of the 
Soleof the Foot 


Plantar aponeurosis (cut) 


Calcaneus 


Tendon of flexor 
hallucis longus 


Tendon of 
flexor digitorum 
longus 

Tendon of tibialis 
posterior 


Tendon of 
fibularis longus 
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Intrínsk Muscles of the Foot 


Muscle 

Origin 

Insertion 

Aetion 


Flexor hallucís brevís 

Cuboid and lateral cuneiform bones 

Proximal phalanx ofgreattoe 

Flexion at metatarsophalangeal joint 
of greattoe 


Flexor dígítorum brevís 

Inferior surface of calcaneus 

Sides of middle phalanges, toes 2-5 

Flexion at proximal interphalangeal 
joints of toes 2-5 

z 

o 

Quadratus plantae 

Calcaneus (medial, inferior surfaces) 

Tendon of flexor digitorum longus 

Flexion at joints of toes 2-5 

z 

111 

>< 

111 

z 

Lumbrícal (4) 

Tendons of flexor digitorum longus 

Tendons of extensor digitorum 
longus, toes 2 to 5 

Flexion at metatarsophalangeal 
joints; extension at proximal 
interphalangeal joints of toes 2-5 

o 

X 

Flexor dígítí mínimí 

Base of metatarsal bone V 

Lateral side of proximal phalanx of 

Flexion at metatarsophalangeal joint 

UJ 

LL 

brevís 


toe 5 

of toe 5 


Extensor dígítorum 
brevís 

Calcaneus (superior and lateral 
surfaces) 

Dorsal surfaces of toes 1-4 

Extension at metatarsophalangeal 
joints of toes 1-4 


Extensor hallucis brevis 

Superior surface of anterior 
calcaneus 

Dorsal surface of the base of 
proximal phalanx of great toe 

Extension of great toe 

z 

o 

Adductor hallucis 

Bases of metatarsal bones ll-IV and 
plantar ligaments 

Proximal phalanx ofgreattoe 

Adduction at metatarsophalangeal 
joint of great toe 


Abductor hallucis 

Calcaneus (tuberosity on inferior 

Medial side of proximal phalanx of 

Abduction at metatarsophalangeal 

D 

O 

0Q 

< 

Z 

o 


surface) 

great toe 

joint of great toe 

Plantar interosseus (3) 

Bases and medial sides of metatarsal 
bones 

Medial sides of toes 3-5 

Adduction at metatarsophalangeal 
joints of toes 3-5 

o 

o 

o 

< 

Dorsal interosseus (4) 

Sides of metatarsal bones 

Medial and lateral sides of toe 2; 
lateral sides of toes 3 and 4 

Abduction at metatarsophalangeal 
joints of toes 3 and 4 

Abductor digiti minimi 

Inferior surface of calcaneus 

Lateral side of proximal phalanx, 
toe 5 

Abduction at metatarsophalangeal 
joint of toe 5 


Intrìnsìe Muscles 
of the Foot 

Tendon of extensor 

hallucis brevis 

Dorsal interossei 

Adductor hallucis 

Abductor hallucis 

Flexor hallucis brevis 

Lumbricals 



Metatarsal bones 


Tendons of extensor 
digitorum longus 


Tendons of flexor Plantar 
digitorum longus aponeurosis 


3 


As you see in this eross seetion, most of the muscle 


mass in the foot lies inferior to the metatarsal bones. 
Many of these mnseles are flexors that tense during ankle 
extension and help you “push off” when walking. This 
anatomieal arrangement provides padding and assists in 
maintaining the arehes of the foot. 


intrínsie Muscles 
of the Foot 

— Tendons of extensor 
digitorum brevis 

— Flexor digiti minimi 
brevis 

— Abductor digiti minimi 

— Plantar interossei 

— Tendons of flexor 
digitorum brevis 


Moelyle 10.22 Revíew 


a. Identify the intrinsie muscle that flexes 
the great toe. 

b. What are the functions ofthe superior 
and inferior retinacula of the foot? 

e. Deseribe the origin, insertion, and 
aetion of the lumbrical muscles. 


10.22 Identify the intrinsie foot muscles, and 
eite their origins, insertions, and aetions. 
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Module 10.23 


r 


The deep faseìa separates the lìmb 
muscles ínto separate eompartments 


Fibrous partitions of the deep faseia ereate partitioned-off 
seetions ealled eompartments. The muscles within eaeh 
eompartment have eompatible fnnetions, and eaeh has 
a eharaeteristie blood supply and innervation. Eaeh 
eompartment is generally not in eommnnieation with 
other eompartments, and for this reason, infeetion or 
excess pressnre usually remains eonfined there. 



Lateral 

internnuscular 

septum 



Deltoid 



Here are seetional views at intervals 
along the length of an upper and lower 
limb. In eaeh relevant seetion the eompart- 
ments are labeled and representative 

mnseles and important referenee 

structures are indieated. 



Lateral Compartment 


Extensor 
earpi radialis 

brevis 


Braehioradialis 


Trieeps braehii 


Medial 

intermuscular 

septum 

Goraeobraehialis 


Bieeps braehii 



Posteríor Gompartment 



Trieeps braehii 


Medial intermuscular 
septum 


Anteríor Gompartment 


Braehial artery and 
median nerve 

Braehialis 
Bieeps braehii 




Posterior Gompartment 

Extensor digitorum 
Extensor earpi ulnaris 



Deep Anterior 
Gompartment 



Flexor digitorum 
profundus 


Superficial Anterior 
Gompartment 



Anterior view 


Flexor digitorum 
superficialis 
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Gluteus maxinnus 



Anterior vìew 


Posteríor Compartment 

Bieeps femoris and 
semitendinosus 

Seiatie nerve 








Posteríor Gompartment 

Bieeps femoris 
Seiatie nerve 

Anteríor Gompartment 

Vastus lateralis 

Femoral artery, vein, 

and nerve 

Rectus femoris 





Lateral Gompartment 

Fibularis longus 


Anteríor Gompartment 

Anterior tibial artery 

and vein 

Tibialis anterior 


Medíal Gompartment 

Adductor magnus 

Adductor longus 



Anteríor 

Gompartment 

Femoral artery, vein, 
and nerve 

Vastus medius 
Rectus femoris 
Vastus lateralis 



Medíal Gompartment 

Adductor magnus 



Adductor longus 


Superfìcíal Posteríor 
eompartment 

1 

* * 

1 

- Gastrocnemius 

1 

■ 

■ 

• • 

1 

Soleus 



Deep Posterior 
Gompartment 

. 

■ 

■ 

( 

- Posterior tibial artery 
and vein 

Tibialis posterior 



Compartments are elinieally important. For example, tranma to a 
limb ean cause bleeding, which elevates pressures and eompresses 
blood vessels and nerves within the eompartment. A laek of blood 
flow leads to ''blood starvation,” or isehemia. This eondition, ealled 
eompartment syndrome, ean lead to the paralysis or death of the 
affeeted muscles if the pressure is not relieved within 2-4 hours. 


Modole 10.23 Revìew 


a. Name the eight muscle eompartments 
ofthe limbs. 

b. Defineeompartment syndrome. 

e. Propose a reason why eompartment 
syndrome ean be life threatening. 


10.23 Deseribe the deep faseia and its relationship 
to the various limb muscle eompartments. 
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Labelíng 

Label eaeh of the indieated myseles that move the 
forearm and hand in the diagram at right. 








Label eaeh of the indieated muscles that move the 
thigh and leg in the diagram below. 



iii' 




■HL' 


Label eaeh of the indieated muscles that move 
the foot and toe in the diagram below. 
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GHAPTER 10 REVIEVV • TheMuscularSystem 



Study Outlìne 


^ SEGTION 1 * Functional Organization of the Muscular System 


SEGTION 2 • Axíal Muscles 

V_ _ 



The axìal and appendìcular mnseles have dìfferent 

functìons p. 343 

1. Skeletal nnuscle accounts for almost half the vveight of your 
body. 

2. The muscular system is divided into the axìal and 
appendìcular muscles. 

3. The axial muscles support and position the axial skeleton 
vvhile the appendicular muscles support and move the 
limbs. 


10.5 


There are four groups of axìal muscles p. 351 

12. The first group of axial muscles is the muscles of the 
head and neek that are not assoeiated vvith the vertebral 
column.These are the muscles of the faee, extrinsic eye, 
tongue, pharynx, and neek. 

13. The seeond group of axial muscles is the muscles of 
the vertebral column.The third group of muscles is the 
muscles of the trunk, and the muscles of the pelvie floor 
form the fourth group. 



IVIuscular power and range of motìon are ìnfluenced by 
faseìele organìzatìon and leverage p. 344 


4. l\/luscle faseieles ean be 
organized as parallel, 
eonvergent, pennate 
(unípennate, bìpennate, or 
multìpennate) or cìrcular 
(sphíneter). 

5. A lever is a rigid structure 
that pivots on a fixed point 
ealled a fulcrum. In the body, 
bones are levers, and joints are fulcrums. 



musde 


6. Levers are elassified as first-elass, seeond-elass, and third- 
elass levers.Third-elass levers are the most eommon levers 
in the body. 


10.3 


The names of muscles ean provìde clues to theìr 
appearanee and/or functìon p. 346 

7. Eaeh muscle ean be identified by its orígìn, ìnsertìon, and 
aetìon. 


10.6 J 


The muscles of faeìal expressìon are ìmportant ìn eatìng 
and useful for communìcatìon p. 352 

14. The muscles of faeìal expressíon 

originate on the surface of the skull. 

They insert on the superficial faseia 
and dermis of the skin. 



15. The muscles of the mouth and 
eheek are levator labìì superìorìs, 
zygomatìcus mìnor, zygomatìcus 
major, buccìnator, orbícularìs 
orìs, rìsorìus, mentalís, depressor 
labíì ínferíorís, and depressor angulì oris. 



The extrìnsìc eye muscles posìtìon the eye, and the 
muscles of mastìeatìon move the lower Jaw p. 354 


16. The extrinsic eye muscles are ìnferìor rectus, medìal 
rectus, superíor rectus, lateral rectus, ínferíor oblíque, 
and superìor oblíque. 

17. The muscles of mastieation are masseter, temporalís, 
medìal pterygoíd, and lateral pterygoìd. 


8. The site of attaehment at the fixed end of the muscle is 
the orìgìn; the site vvhere the movable end of the muscle 
attaehes to another structure is ealled the insertion.The 
movement produced vvhen a muscle eontraets is the 

aetion. 

9. A muscle ean be elassified as an agonist or prime mover, 
an antagonist, or a synergist. 


P The muscles of the tongue are elosely assoeìated wìth the 
muscles of the pharynx and neek p. 356 

18. The muscles of the tongue are genioglossus, hyoglossus, 
palatoglossus, and styloglossus. 

19. The muscles of the pharynx are the pharyngeal 
eonstrietors, laryngeal elevators, and palatal muscles. 





10. Mosele terminology is assoeiated vvith the loeation 
of the muscle, as vvell 
as its position, faseiele 
organization, structural 
eharaeteristies, aetions, and 
other features. 


10.9 


The skeletal muscles ean 
be assìgned to the axìal 
dìvìsìon or the appendìcular 
dìvìsìon based on orìgìns 
and functìons p. 348 

11. About 60 pereent of the 
skeletal muscles in the 
body are axial muscles. 
The remaining are 

appendicular muscles. 


10.10 


20. The anterior muscles of the neek are digastrie, 
geniohyoid, mylohyoid, omohyoid, sternohyoid 
sternothyroid, stylohyoid, thyrohyoid, and 
sternoeleidomastoid. 


The muscles of the vertebral column support and alìgn the 
axìal skeleton p. 358 

21. The ereetor spinae muscles are subdivided into the 

spinalis, longissimus, and ilioeostalis muscle groups. 


The oblìque and rectus muscles form the muscular walls of 
the trunk p. 360 

22. The oblique muscles include the sealenes, external and 
internal intereostals, transversus thoraeis, external and 
internal obliques, and transversus abdominis. 
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10.4 


































GHAPTER 10 REVIEVV • TheMuscularSystem (continued) 


23. The rectus group includes the dìaphragm and rectus 
abdomìnìs. 


10.11 


W 


The muscles of the pelvìe floor support the organs of the 
abdomìnopelvìe eavìty p. 362 


24. The muscles of the pelvie floor form the perìneum, a 
muscular sheet that spans the pelvie outlet. 


25. The muscles of the pelvie floor are divided into the muscles 

of the urogenìtal trìangle and anal tríangle. 


10.17] 


SEGTION 3 

V _ 


Appendlcular l\/luscles 


10.12 


w 


The appendìcular muscles stabìlìze, posìtìon, and support 
the lìmbs p. 365 


26. The upper limb muscles include muscles of the peetoral 
girdle, arm, forearm, hand, and fingers. 

27. The lower limb muscles include muscles of the thigh, leg, 
foot, and toes. 


10.18] 


10.13] 


The largest appendìcular muscles orìgìnate on the trunk 

p. 366 


28. Gross movements of the limbs are eontrolled by muscles 
that originate on the trunk. Limb muscles get smaller, 
more numerous, and more preeise as they are loeated 
more distally on the limb. 


10.14 


W 


IVIuscles that posìtìon eaeh peetoral gìrdle orìgìnate on the 
oeeìpìtal bone, superìor vertebrae, and rìbs p. 368 


29. The muscles of the peetoral girdle are trapezms, levator 
scapulae, subclavlus, peetoralls mlnor, serratus 
anterlor, rhombold major, and rhombold mlnor. 


10.19 


w 


10.15 


w 


Mnseles that move the arm orìgìnate on the elavìele, 
scapula, thoraeìe eage, and vertebral column p. 370 


30. The muscles that move the arm are deltold, peetoralls 
major, eoraeobraehlalls, teres major, latlsslmus dorsl, 
and the four muscles of the rotator cuff: suprasplnatus, 
lnfrasplnatus, teres mlnor, and subscapularls. 


10.16 


Mnseles that move the forearm and hand orìgìnate on the 
scapula, humerus, radìus, or ulna p. 372 

31. The elbow extensors are trleeps braehll and anconeus. 
The elbow flexors are bleeps braehll, braehlalls, and 
braehloradlalls. 

32. The wrist extensors 

are extensor earpl 
ulnarls, extensor 
earpl radlalls longus, 
and extensor earpl 
radlalls brevls.The 
wrist flexors are 
f1exor earpl radlalls, 
palmarls longus, and 
flexor earpl ulnarls. 

33. The muscles of 
pronation are 

pronator teres and 


10.20 


pronator quadratus 
Suplnator causes 
supination. 


10.21 
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34. The tendons of the flexor muscles pass through synovlal 
tendon sheaths. Inflammation of the flexor retinaculum 
and the synovial tendon sheaths ean put pressure on the 
median nerve causing the pain known as earpal tunnel 
syndrome. 


IVIuscles that move the hand and fìngers orìgìnate on the 
humerus, radìus, ulna, and ìnterosseous membrane p. 374 

35. The muscles that flex the fingers and the thumb are f1exor 
dlgltorum superfìclalls, f1exor dlgltorum profundus, 
and f1exor polllels longus. Finger extension is caused by 

extensor dlgltorum and extensor dlgltl mlnlml. 

36. The muscles that move the thumb are extensor polllels 
longus, abductor polllels longus, and extensor polllels 
brevls. 


The ìntrìnsìe muscles of the 
hand orìgìnate on the earpal 
and metaearpal bones and 
assoeìated tendons and 
lìgaments p. 376 

37. The intrinsie muscles of the 
hand perform flexion and 
extension of the fingers at 
the metaearpophalangeal 
joints; abduction and 
adduction of the fingers at the 
metaearpophalangeal joints; 
and opposition and reposition 
(relaxecl position) of the 
thumb. 



The muscles that move the thìgh orìgìnate on the pelvìs 

and assoeìated lìgaments and faseìae p. 378 

38. The muscles of the gluteal group are gluteus maxlmus, 
gluteus medlus, gluteus mlnlmus, and tensor faselae 
latae. 

39. The iliopsoas group includes psoas major and lllacus. 

40. The lateral rotator group muscles are plrlformls, superlor 
and Inferlor gemellus, obturator lnternus and externus, 
and quadratus femorls. 

41. The adductor group muscles are pectlneus, adductor 
brevls, adductor longus, adductor magnus, and 
graellls. 


The muscles that move the leg orìgìnate on the pelvìs and 
femur p. 380 

42. The knee f1exors are bleeps femorls, semlmembranosus, 
semltendlnosus, sartorms, and popllteus. 

43. The knee extensors are rectus femorls, vastus 
Intermedms, vastus lateralls, and vastus medlalls. 


The extrìnsìc muscles that move the foot and toes 
orìgìnate on the tìbìa and fìbula p. 382 

44. Plantar flexion is performed by gastroenemms, soleus, 
fìbularls brevls, fìbularls longus, plantarls, and tlblalls 
posterlor.The tlblalls anterlor and fìbularls tertms 

cause dorsiflexion. 

45. Flexion of the toes is caused by flexor dlgltorum longus 
and flexor hallucls longus.Toe extension is caused by 

extensor dlgltorum longus and extensor hallucls 
longus. 
























10.22 


The ìntrìnsìe mnseles of the foot orìgìnate on the tarsal 
and metatarsal bones and assoeìated tendons and 
lìgaments p. 384 


46. The ìntrìnsìe muscles of the foot stabilize the positions of 
the tendons deseending from the leg. These muscles are 
more numerous on the inferior surface of the foot and occur 
in several layers. 


47. These muscles are responsible for flexion and extension 
of the interphalangeal joints, as well as abduction and 
adduction ofthe metatarsophalangeal joints. 


10.23 


w 


The deep faseìa separates the lìmb muscles ìnto separate 
eompartments p. 386 


48. Fibrous partitions ereate eompartments eontaining 

muscles with eompatible functions as well as blood supply 
and innervation. 


49. Trauma to a limb may cause bleeding into a eompartment. 
This may elevate pressures and eompress blood vessels 
and nerves within a eompartment, a eondition ealled 

eompartment syndrome. 


ehapter Revìew Questíons 


Labelìng 


Identify the lever system in eaeh of the images below. 





4 

Load 


A I 

Fulcrum 

Applied 

foree 




1 



2 



3 



True/False 


indieate whether eaeh statement is true or false. 



Peetoralis major is an example of a eonvergent muscle. 



A wheelbarrow is an example of a third-elass lever. 



A muscle agonist ean also be referred to as a prime mover. 




The inferior rectus and superior oblique are examples of 
extrinsic eye muscles. 

The esophageal hiatus is an opening in the transversus 
abdominis muscle. 


4 

I 

5 

I 

6 

I 

7 


Matehìng 

Mateh eaeh lettered deseription with the most elosely related muscle. 


a. moves eye laterally 

b. flexion at knee 

e. extension at knee 

d. abduction atshoulder 

e. downward rotation of scapula 

f. flexion at elbow 

g. plantar flexion 

h. mastieation 

i. medial rotation at shoulder 

j. dorsiflexion 


9 

10 
11 
12 

13 

14 

15 

16 

17 

18 


Tibialis anterior 
Temporalis 
Braehialis 
Lateral rectus 
Soleus 

Bieeps femoris 

Rhomboid major 
Vastus medialis 

Deltoid 

Subscapularis 


9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
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GHAPTER 10 REVIEVV • TheMuscularSystem (continued) 


IVIultiple ehoiee 


Seleet the eorreet ansvver from the list provided. 








The site vvhere the more movable end of a muscle attaehes is the 

Q a) origin. 

Q b) insertion. 

Q e) belly. 

Q d) faseiele. 

A muscle vvith a feather-shaped faseiele organization is ealled a 

Q a) parallel muscle. 

Q b) pennate muscle. 

Q e) eonvergent muscle. 

Q d) circular muscle. 

The most eommon lever system in the body is 

Q a) first-elass. 

Q b) seeond-elass. 

Q e) third-elass. 

Q d) fourth-class. 

VVhieh of the follovving muscles is an axial muscle? 

Q a) ereetor spinae 
Q b) trapezius 
Q e) deltoid 
Q d) flexor earpi radialis 

The major extensor of the elbovv is 

Q a) trieeps braehii. 

Q b) bieeps braehii. 

Q e) deltoid. 

Q d) subscapularis. 

Inflammation of the retinaculum and synovial tendon sheaths 
resulting in pressure on the median nerve is ealled 

Q a) anterior eompartment syndrome. 

Q b) rotator cuff syndrome. 

Q e) earpal tunnel syndrome. 

Q d) plantar faseitis. 






VVhen doing a pull-up exercise, vvhieh of the follovving muscles is 
responsible for adduction at the shoulder joint? 

Q a) levator scapulae 
Q b) deltoid 
Q e) supraspinatus 
Q d) latissimus dorsi 

VVhieh of the follovving muscles performs the hip and knee aetion 
required to kieka ball? 

Q a) rectus femoris 
Q b) pectineus 
Q e) graeilis 
Q d) bieepsfemoris 

VVhieh of the follovving loeations is not an attaehment site for 
bieeps braehii? 

Q a) tuberosity of radius 
Q b) eoraeoid proeess of scapula 
Q e) aeromion proeess of scapula 
Q d) supraglenoid tubercle of scapula 

VVhieh of the follovving is nota muscle of mastieation? 

Q a) masseter 
Q b) buccinator 
Q e) temporalis 
Q d) lateral pterygoid 


Short answer 



VVhat are the functions of the muscles of the pelvie floor? 



Identify the muscles of the rotator cuff. 


MasteringA&P® 

Aeeess more ehapter study tools online in the MasteringA&P Study Area: 

■ ehapter Quízzes, Ghapter Praetiee Test, Art-labeling Aetivities, 
Anímatíons, MP3 Tutor Sessions, and Glíníeal Case Studies 


List the muscles of the quadriceps muscle group and deseribe 

their aetions. 


■ Praetiee Anatomy Lab 

PAi: 

■ interaetive Physiology 

ip. 

■ A&P Flix 

AáPF^jí 

■ PhysioEx 

PhysioEx 
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ehapter Integratìon • Applyíng what you have learned 


Bodybuildíng and lookin'good 

Bodybuilders spend many hours in the gym lifting free 
weights to develop their mnseles. Larger mnseles and 
greater muscle definition are the goals, and looking 
“ripped” requires a lot of dedieation. To sculpt their 
arms, for example, bodybuilders do a lot of bieeps curls 
(flexion at the elbow holding weights in the anatomieal 
position) and trieeps curls (extension at the elbow). 

As a 10-year-old, Jerry and his friends would 
go to the beaeh at Lion s Park, known loeally as 

“Muscle Beaeh” 
because all the loeal 
bodybuilders would 
go there in the 
summer to work out 
and show off for the 
girls. Some female 
bodybnilders even 
started going there. 
Jerry was always 
amazed by the size, 
shape, and strength 
of these mnselemen 
and vowed that 
someday he would 
beeome one of them. 
As he reaehed pnberty, Jerry beeame a fitness fanatie 
who worked out many hours a day. As he learned more 
about bodybuilding, he eschewed the massive, heavily 
mnseled look for one of a more athletie, lean, and 
well-defined musculature. Everyone eame to admire his 
“six-pack abs,” espeeially his girlfriend, DJ. 




Sports, muscles, and joínts 

Jennifer is a high sehool freshman and an up-and-coming volleyball 
player on the junior varsity team. It is her intent to join the varsity team 
as a sophomore. One element of her game that she knows she needs to 
improve upon is her vertieal jump. She has eommitted her offseason 
workouts to spending more time in the weight room strengthening the 
mnseles involved in jnmping. From what you have just learned about 
the muscular system, answer the following questions and design a 
weightlifting program to help Jennifer aehieve her goals. 




Explaín why doíng both bíeeps curls and trìeeps curls 
helps aehieve larger, well-toned arms. 

Which exercises would be best for shaping your 
abdomínal muscles into"six-packabs"? 



Identify the aetíons involved ín the híp, knee, and ankle joints when 
jumping. 



Which muscles are involved in eaeh of these aetions? 



What kind of exercises would you suggest Jennifer perform in the 
weight room to inerease the strength in these muscles? 
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LEARNING OUTCOMES 


These Learning 
Onteomes 
eorrespond 
bynnmberto 
this ehapter's 
modnles and 
indieate what 
you should be 
able to do after 
eompleting 
the ehapter. 

V J 


SEGTION 1 • Cellular Organìzatíon of the Nervous System 




Deseribe the anatomieal and functional divisions of the nervous system. 

Sketeh and label the structure of a typieal neuron, and deseribe the functions of eaeh 
eomponent. 

eiassify and deseribe neurons on the basis of their structure and function. 

Deseribe the loeations and functions of neuroglia in the CNS. 

Deseribe the loeations and functions of Sehvvann eells and satellite eells. 


SEGTION 2 • Neurophysìology 


11.6 

11.7 

"irs 

11.9 

11.10 
11.11 

11.12 

11.13 

11.14 


Deseribe the general role of membrane potential ehanges in neuronal aetivity. 

Explain hovv the resting potential is ereated and maintained. 

Deseribe thefunctions of gated ehannels vvith respeet to the permeability ofthe plasma 
membrane. 

Deseribe graded potentials. 

Deseribe the events involved in the generation and propagation of an aetion potential. 

Deseribe continuous propagation and saltatory propagation, and discuss the faetors that 
affeet the speed vvith vvhieh aetion potentials are propagated. 

Deseribe the general structure of synapses in the CNS and PNS, and discuss the events 
that occur at a ehemieal synapse. 

Discuss the signifieanee of postsynaptie potentials, including the roles of excitatory 
postsynaptie potentials and inhibitory postsynaptie potentials. 

Discuss the interaetions that make information proeessing in neural tissue possible. 



arerepeated atthe 


module. 















Module11.1 


w 


SECTION 1 • Cellular Organízatìon of the Nervous System 


The nervous system has two divisìons: the CNS and PNS 

This is the first of three ehapters on the nervons system. It eonsiders the anatomi- 
eal and fnnetional divisions of the nervons system, the eellnlar organization of 
nenral tissne, and the basie prineiples of nenrophysiology. Anatomieally, the 
nervons system is divided into the eentral nervons system (CNS) and peripheral 
nervons system (PNS). Their major eomponents and general fnnetions are 
deseribed in this flowchart, beginning with the sensory reeeptors of the PNS O* 



eentral Nervous System 

The eentral nervous system (CNS) 

eonsists of the brain and spinal eord. It 
is responsible for integrating, 
proeessing, and eoordinating sensory 
data and motor eommands. 



Start 


Perìpheral Nervous System 

The perìpheral nervous 
system (PNS) includes all 
the neural tissue outside 
theCNS. 




Informatìon proeessìng 

includes the integration and 
distribution of information in the 
CNS. 


The sensory dìvísíon of the PNS 

brings information to the CNS from 
reeeptors in peripheral tissues and 
organs. 


Somatie sensory 


Speeìal sensory 


reeeptors provide 
position, touch, pressure, 
pain, and temperature 
sensations. 



reeeptors provide 
sensations of smell, 
taste, vision, balanee, 
and hearing. 


Vìseeral sensory reeeptors 

monitor internal organs. 





Reeeptors are sensory structures that deteet 
ehanges in the internal or external environment 




The motor dìvìsíon of the PNS earries motor 
eommands from the CNS to peripheral tissues 
and systems. 



includes 



The somatìe 

The autonomíc nervous 

nervous 

system (ANS) automati- 

system (SNS) 

eally regulates smooth 

eontrols 

muscle, eardiae muscle. 

skeletal muscle 

glands, and adipose 

eontraetions. 

tissue. 


Skeletal 

muscle 



• Smooth muscle 


• eardiae muscle 


• Glands 


• Adipose tissue 



Effeetors are target organs whose aetivities 
ehange in response to neural eommands. 


l\/lodule 11.1 Revíew 


a. eompare the eentral and peripheral nervous systems. 

b. VVhieh division ofthe PNS brings information to the CNS? 
e. Namethetarget organsofthe ANS. 


11.1 Deseribe the anatomieal and functional divisions of the nervous system. 











































Module11.2 



Neurons are nerve eells speeialìzed 
for íntercellular communìcatìon 

In this modnle we examine the structure of neurons. Reeall from Ghapter 4 (p. 165) 
that nenrons have three general regions: dendrites, which reeeive stimnli from 
the environment or from other nenrons; a eell body, which eontains the nucleus 
and other organelles; and one axon, which earries information toward other eells. 
Speeialized structures within eaeh region eontribnte to intereellnlar eommnnieation. 


Dendrìtes 


Typieal dendrites are highly 
branehed, with eaeh braneh bearing 
fine 0.5 to 1 pnn long proeesses ealled 
dendrìtìe spìnes. CNS neurons 
reeeive most of their information 
primarily at the dendritie spines. 


Dendritie spines 


Axon 

The axon 
hìlloek is the 

origin of the 
axon from 
the eell body. 

The ínìtíal segment 

of the axon lies 
distally adjaeent to 
the axon hilloek. It is 
where an aetion 
potential is initiated. 

The axolemma (lemma, 
husk) is a speeialized 
portion of the plasma 
membrane that 
surrounds the eytoplasm 
(axoplasm) of the axon. 

The axoplasm 

(AK-só-plazm) eontains 
neurofibrils, neurotu- 
bules, small vesieles, 
lysosomes, mitoehondria, 
and various enzymes. 


Mitoehondrion 


Nucleus 


Nucleolus 


Nìssl bodìes 

(clusters of 
RER and free 
ribosomes) 


Cell Body 


The eytoplasm surrounding the 
nucleus is ealled the períkaryon 
(per-i-KAR-è-on; perì, around -i- 
karyon, nucleus).The perikaryon 
eontains organelles that provide 
energy and synthesize the ehemieal 
neurotransmitters that are important 
in eell-to-eell communication. 


The eytoskeleton of the perikaryon 
eontains neurofìlaments similar 
to the intermediate filaments in 
other eells. Neurofìbrìls are 
bundles of neurofilaments that 
extend into the dendrites and 
axon, providing internal support 
for these slender proeesses. 



Telodendría 

The main axon trunk 
ends in a series of fine 
extensions, or 
telodendrìa 
(tel-ó-DEN-drè-uh; 
telo-, end -i- dendron, 
tree; singular: 
telodendrìon). 

The telodendria of 
an axon end at axon 
termínals, or 
synaptíe termínals, 

where the neuron 
communicates with 
other eells. 



This is an illnstration of a representative neuron. The eell body eontains 
most of the organelles of a neuron. The axon is a long eytoplasmie proeess 
that extends away from the eell body. Many materials, inelnding enzymes and 
lysosomes, travel the length of the axon along neurotubules (neuron mierotn- 
bules) throngh a proeess ealled axoplasmic transport. Axoplasmic transport 
occurs in both direetions. If debris or unusual ehemieals appear in the axon 
terminal, retrograde flow soon delivers them to the eell body. 
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Eaeh axon terminal is part of a 
synapse, a speeialized site where 


the nenron eommnnieates with 
another eelL Every synapse involves a 
presynaptie eell and a postsynaptie 
eell. Communication between those 
eells most eommonly involves the 
release of ehemieals ealled 
nenrotransmitters into the synaptie 
eleft, a narrow spaee separating the 
two eells. Axon terminals reeeive 
(through axoplasmic transport) a 
continuous supply of neurotrans- 
mitters synthesized in the eell body. 
They also reabsorb and reassemble 
fragments of nenrotransmitters broken 
down in the synaptie eleft. 


Telodendrion 
of presynaptie eell 


A simple, round axon terminal 
occurs where the postsynaptie eell 
is another neuron. 


Neurotransmitters within the axon 
terminal are typieally paekaged in 

synaptìe vesìeles. 


The narrow synaptie eleft separates 
the presynaptíe membrane, 

where neurotransmitters are 
released, from the postsynaptìe 
membrane, which has reeeptors 
for neurotransmitters. 



REPRESENTATIVE SYNAPSE 


Presynaptie 

membrane 


^Postsynaptie 

membrane 


Gytoplasm of 
postsynaptie eell 


( 

I 



3 


Except in a few speeial eases 


involving sensory reeeptors, a 
presynaptie eell is always a neuron. 
The postsynaptie eell ean be either a 
neuron or another type of eell. Notiee 
that axons may braneh along their 
length, prodneing side branehes 
known as eollateral branehes. 
Gollateral branehes enable a single 
neuron to eommnnieate with several 
other eells. 



Most CNS neurons laek eentrioles and eannot divide. As a result, 
neurons lost to injury or disease are seldom replaeed. Although 
neural stem eells persist in the adult nervous system, these eells 
are typieally inaetive (except in the epithelinm responsible for our 
sense of smell, in the retina of the eye, and in the hippoeampns, a 
portion of the brain involved with memory storage). 


Modyle 11.2 Revíew 


a. Namethestructural eomponentsofatypieal neuron. 

b. Deseribe a synapse. 

e. Why is a CNS neuron not usually replaeed after it is 
injured? 


11.2 Sketeh and label the structure of a typieal neuron, 
and deseribe the functions of eaeh eomponent. 
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Module11.3 

j 


Neurons are elassìfìed on the 
basís of structure or functíon 


There are four major anatomieal elasses of neurons. 
Fnnetionally, nenrons are elassified as sensory nenrons, 
internenrons, or motor nenrons. 


Neuron Structure 



Anaxonic 

(an-AKS-on-ie) 
nenrons are small and 
laek anatomieal featnres 
that distingnish dendrites 
from axons; all the eell proeesses 
look alike. Anaxonic nenrons are 
loeated in the brain and in speeial sense 
organs. Their fnnetions are poorly nnderstood. 




Cell body 


2 


Dendrites 


Dendritie 

proeess 


Bipolar nenrons have two 
distinet proeesses—one 
dendritie proeess that branehes 
extensively at its distal tip, and one 
axon—with the eell body between 
the two. Bipolar nenrons are rare, 
but occur in speeial sense organs, 

where they relay information about sight, smell, or hearing 
from reeeptor eells to other nenrons. Bipolar nenrons are 
small; the largest measnre less than 30 pm from end to end. 



Axon 


Axon 

terminals 


Dendrites 


segment 


3 


In a unipolar nenron the dendrites 
and axon are continuous—basieally. 


fused—and the eell body lies off to one side. 


In such a neuron, the initial segment, the 
first portion of the axon, lies where the 
dendrites eonverge. The rest of the 
proeess, which earries aetion potentials, 
is usually eonsidered to be an axon. 

Most sensory nenrons of the periph- 
eral nervons system are nnipolar. 

Their axons may extend a meter or 
more, ending at synapses in the 
eentral nervons system. The 
longest are those earrying 
sensations from the tips of the 
toes to the spinal eord. 



4 


Multipolar neurons have 
two or more dendrites and a 


single axon. These are the most 
eommon nenrons in the CNS. All 


motor nenrons that eontrol skeletal 
mnseles, for example, are mnltipolar 
nenrons. The axons of mnltipolar 
nenrons ean be as long as those of 
nnipolar nenrons. The longest 
earry motor eommands from 
the spinal eord to small mnseles 
that move the toes. 


terminals 



Dendrites 


terminals 
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Neuron Functìon vvíthìn the CNS and PNS 


Gentral Nervous System (CNS) 


One or more ìntemeurons usually lie 
betvveen sensory neurons and motor neurons. 
lnterneurons reeeive sensory information from 
the PNS as vvell as input from other interneu- 
rons in the CNS. lnterneurons are also 
responsible for higher functions, such as 
memory, planning, and learning. 




Somatìe motor neurons innervate 
skeletal muscles. You have conscious 
eontrol overthe aetivity ofthese neurons. 
The eell body of a somatie motor neuron 
lies in the CNS, and its axon extends vvithin 
a perìpheral nerve to innervate skeletal 
muscle fibers at neuromuscular junctions. 
A nerve is a bundle of axons in the PNS. 



Vìseeral motor neurons 

innervateall peripheral 
effeetors otherthan skeletal 
muscles—that is, smooth 
muscle, glands, eardiae 
muscle, and adipose tissue 
throughout the body. 

Viseeral motor neurons in the 
CNS eontrol a seeond set of 
viseeral motor neurons 
loeated in the PNS. 


Perìpheral Nervous System (PNS) 


Sensory ganglìa 


A ganglìon is a eolleetion of neuron eell bodies in the PNS. 
Sensory neurons are unipolar neurons vvhose eell bodies are 
loeated in sensory ganglìa in the PNS. Sensory neurons form the 
afferent division of the PNS and deliver information from sensory 
reeeptors to the CNS. Somatíe sensory neurons monitor the 
outside vvorld and our position vvithin it. Vìseeral sensory 
neurons monitor internal eonditions and the organ systems. 



Autonomíc ganglìa 


The seeond set of viseeral 
motor neurons innervates 
peripheral effeetors.These 
neuron eell bodies are found in 
peripheral autonomíc ganglía 


Afferent fíbers are axons 
that earry sensory 
information to the CNS. 



Efferent fìbers are axons 
that earry instructions 
-from the CNS to- 


peripheral tissues. 


interoeeptors 

{intero-, inside) 
monitor the 
digestive, respira- 
tory, cardiovascular, 
urinary, and 
reproductive 
systems and 
provide sensations 
of distension 
(stretehing), deep 
pressure, and pain. 



Proprìoeeptors 


Exteroceptors 


(pró-pré-ó-SEP- 


(extero-, outside) 


torz) monitor 


provide information 


the position and 


aboutthe external 


movement of 


environment in the 


skeletal muscles 


form of touch. 


and joints. 


temperature, or 
pressure sensations 
and the more 
complex senses of 
taste, smell, sight, 
equilibrium, and 
hearing. 


Somatìe effeetors 


Skeletal 

muscle 

fibers 



Vìseeral effeetors 


Smooth 

muscles 



Glands 


eardiae 

muscle 


Adipose 

tissue 




Start 



^ Sensory reeeptors are either eells monitored by sensory 
neurons or proeesses of speeialized sensory neurons. 


IVIoclule 11.3 Revìew 


5 


This flowchart deseribes the basie relationships 
among the three fnnetional elasses of nenrons: 
sensory nenrons, internenrons, and motor nenrons. 
The hnman body has abont 10 million sensory 
nenrons, half a million motor nenrons, and an 
estimated 20 billion internenrons. 


KEY 




= Somatie 
(sensory & motor) 

= Viseeral 
(sensory & motor) 


a. eiassify neurons aeeording to their structure. 

b. eiassify neurons aeeording to their function. 

e. Are unipolar neurons in a tissue sample of 
the PNS more likely to be sensory neurons or 
motor neurons? 


11.3 eiassify and deseribe neurons on 
the basis of their structure and function. 
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Module11.4 



Olìgodendroeytes, astroeytes, ependymal 

eells, and mieroglìa are neuroglìa of the CNS 

Neuroglia (or glial eells) support and proteet neurons in the PNS and CNS. 

Nenroglia are abnndant and diverse and make up about half the volume of the 
nervous system. Neural tissue in the CNS is organized differently than in the 
PNS, primarily beeanse the CNS has a greater variety of glial eell types. This 
illnstration snmmarizes information about neuroglia in the CNS. 


Seetion of 

spinal eord including 
a portion of the eentral eanal 



Ependymal eells form a simple cuboidal to 
columnar epithelium known as the ependyma 
(e-PEN-di-muh).The ependyma lines a 
fluid-filled passageway within the spinal eord 
and brain.The passageway narrows in the 
spinal eord and is ealled the eentral eanal. In the 
brain, the passageway forms eavities ealled 
ventrieles. Cerebrospìnal fluid (CSF) fills these 
internal spaees and also surrounds the brain 
and spinal eord. Ependymal eells assist in 
producing, monitoring, and circulating CSF. 
There are three types of ependymal eells: 
ependymoeytes, tanyeytes, and speeialized 
CSF-producing ependymal eells (discussed in 
ehapter 13). 

Ependymoeytes have motile eilia that aid in 
the circulation of CSF and also mierovilli. 
Ependymoeytes have long slender basal 
proeesses that braneh and make eontaet with 
neuroglia. Tanyeytes are speeialized 
non-eiliated ependymal eells with mierovilli on 
their apieal surfaces. They are found in only one 
brain ventriele. It is thought that they transport 
substances between the CSF and the brain. 


Mìeroglìa (mí-KROG-lé-uh) are embryologieally 
related to monoeytes and maerophages. 
Mieroglia migrate into the CNS as the nervous 
system forms and they persist as mobile eells, 
continuously moving through the neural tissue, 
removing cellular debris, wastes, and pathogens 
by phagoeytosis. 
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Astroeytes mdíntdín the blood-braìn barríer 

that isolates the CNS from the ehemieals and 
hormones circulating in the blood. They also 
provide structural support vvithin neural tissue; 
regulate ion, nutrient, and dissolved gas eoneen- 
trations in the interstitial fluid surrounding the 
neurons; absorb and reeyele neurotransmitters 
that are not broken dovvn or reabsorbed at 
synapses; and form sear tissue after CNS injury. 


Olìgodendroeytes (ol-i-gó-DEN-dró-síts; o//go-,fevv) provide a 
structural framevvork vvithin the CNS by stabilizing the positions of 
axons.They also produce myelìn (Mì-e-lin), a membranous 
vvrapping that eoats axons and inereases the speed of nerve 
impulse transmission. VVhen myelinating an axon, the tip of an 
oligodendroeyte proeess expands to form an enormous membra- 
nous pad eontaining very little cytoplasm.Thisflattened"pancake" 
somehovv gets vvound around the axon, forming eoneentrie layers 
of plasma membrane.These layers constitute a myelín sheath. 



White matter 


Many oligodendroeytes eooperate in the 
formation of a myelin sheath along the 
length of an axon. Such an axon is said to be 
myelìnated. Eaeh oligodendroeyte 
myelinates segments of several axons.The 
relatively large areas of the axon that are 
thus vvrapped in myelin are ealled 
ìnternodes {inter, betvveen). 


The small unmyelinated gaps that separate 
adjaeent internodes are ealled nodes (or 
nodes of Ranvier; RAHN-vè-à). In disseetion, 
myelinated axons appear glossy vvhite, 
primarily because of the lipids vvithin the 
myelin. As a result, regions dominated by 
myelinated axons make up the whìte 
matteroftheCNS. 


Not all axons in the CNS are myelinated. 
IJnmyelínated axons may not be 
eompletely eovered by the proeesses of 
neuroglia. Such axons are eommon vvhere 
relatively short axons and eollaterals form 
synapses vvith densely paeked neuron eell 
bodies. Areas eontaining neuron eell bodies, 
dendrites, and unmyelinated axons are a 
dusky gray eolor, and they make up the 
gray matter of the CNS. 


Modyle 11.4 Revíew 


a. Identify the neuroglia ofthe eentral 
nervous system. 

b. VVhieh glial eell proteets the CNS from 
ehemiealsand hormonescirculating in 
the blood? 

e. VVhieh type ofneuroglia vvould 

inerease in the brain tissue of a person 
vvith a CNS infeetion? 


11.4 Deseribe the loeations and functions of neuroglia in the CNS. 
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Module11.5 




Sehvvann eells and satellìte eells are the nenroglia of the PNS 


Schwann eells eover peripheral axons in two different ways and 
partieipate in axon repair after injnry. Satellite eells snrronnd 
peripheral eell bodies. 


Unniyelinated Axons 


Myelínated Axons 



Nucleus 


Axon hilloek 


Internode 

(myelinated) 




A Sehvvann eell 
first surrounds a 






Satellìte eells surround neuron eell bodies in PNS 
ganglia.They regulate the environment around 
the neurons, much as astroeytes do in the CNS. 


Cell body 


Dendrite 


Sehvvann eell nucleus 


portion of an 



Axon 


Sehvvann eell 

nucleus 


sheath 

eovering 

internode 


Axolemma 


The Sehvvann eell 
then begins to 
vvrap the axon 
in folds of 
plasma 

membrane from 
vvhieh eytoplasm 


has been excluded 


Sehvvann 

eell 


Axons 



Neurilemma 


Neurilemma 



Schwann eells 

form a sheath 
around peripheral axons. 
Wherever a Schwann eell 
eovers an axon, the outer 
surface of the Schwann 
eell is ealled the nenri- 
lemma (no-ri-LEM-nh). 
Most axons in the PNS, 
whether myelinated or 
nnmyelinated, are 
shielded from eontaet 
with interstitial fluid by 
Schwann eells. 



A myelinated 
axon is wrapped 
in multiple, 
thin layers of 
the plasma 
membrane. 



Myelin 

sheath 



Schwann 
eell #3 
nucleus 


Axons 


3 


2 


This illnstration shows the steps in 
the myelination of an axon in the 


PNS. A single Schwann eell myelinates 
one internode of one axon. 


A single Schwann eell ean enelose 
segments of many nnmyelinated axons. 
It first surrounds the segments of a group of 
axons. The axons then eome to lie in separate 
membrane folds at the periphery of the eell. 
This stabilizes the positions of these axons and 
isolates them from ehemieals in the surround- 
ing interstitial fluid. Note that nodes do not 
form between the adjaeent Schwann eells. 


402 • ehapter ì l:Neural Tissae 




















































Axon lnjury and Repair 




Site of injury 



Step1 

Distal to the injury site, the 
axon and myelin degenerate 
and fragment. 


Axon Myelin Proximal stump Distal stump 



Step 2 

The Sehvvann eells do not 
degenerate; instead, they 
proliferate along the path of 
the original axon. Over this 
period, maerophages move 
into the area and remove the 
degenerating debris distal to 
the injury site. 


Maerophage 



Cord of proliferating Sehvvann eells 


Step 3 

As the neuron reeovers, its 
axon grovvs into the site of 
injury and then distally, along 
the path ereated by the nevvly 
divided Sehvvann eells. 



Step4 

As the axon elongates, the 
Sehvvann eells vvrap around it. 
If the axon reestablishes its 
normal synaptie eontaets, 
normal function may be 
regained. Hovvever, if it stops 
grovving or grovvs in some 
nevv direetion, normal 
function vvill not return. 



4 


Schwann eells partieipate in the 


repair of damaged nerves in the 
PNS. The repair proeess, which often 
fails to restore full function, is known as 

Wallerian degeneration. 


Limited regeneration ean occur in the 
CNS, but there the situation is more 
eomplieated beeanse (1) many more 
axons are likely to be involved, (2) 
astroeytes prodnee sear tissue that 
ean prevent axon growth aeross the 
damaged area, and (3) astroeytes 
release ehemieals that bloek the 
regrowth of axons. 


Modnle 11.5 Revíew 


a. Identify the neuroglia ofthe PNS. 

b. Deseribe the neurilemma. 

e. In which partofthenervoussystem 
does VVallerian degeneration occur? 


11.5 Deseribe the loeations and functions of Schwann eells and satellite eells. 
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SEGTION 1 Revìew 


Labelìng 

Label eaeh of the structures in the follovving diagram of a neuron. 



Label the anatomieal elasses of neurons shovvn belovv. 
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14 



15 



16 



Voeabnlary 

In the spaee provided, vvrite the boldfaeed terms introduced in this seetion that eontain the indieated vvord part. 


17 

18 

19 

20 


neur- (nerve) 


dendr- (tree) 
ef- (awayfrom) 

af- (toward) 


17 

18 

19 

20 
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Module11.6 




SECTION 2 • Neurophysìology 


Neuronal aetìvìty depends on 
ehanges ìn membrane potentìal 

Plasma membranes are seleetively permeable, and the eytosol and 



extracellular fluid differ in eomposition. Under normal eirenmstanees, 
the inside of the plasma membrane has a slight negative eharge with respeet 
to the ontside. The cause is a slight excess of positively eharged ions ontside 
the plasma membrane, and a slight excess of negatively eharged ions and 
proteins inside the plasma membrane. Reeall from Ghapter 9 that this 
unequal eharge distribution is ealled the membrane potential, or trans- 
membrane potential, and it is a eharaeteristie of all living eells. Membrane 
potential is the result of differenees in the membrane's permeability to 
varions ions and of aetive transport meehanisms. 
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Extracellular fluid 


+ 
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+ + + + + + + + + + + + + + + + + 


Plasma membrane 
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Gytosol 



Protein 
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The membrane 
potential of an 
undisturbed eell is 
ealled the restìng 
membrane 
potentìal, or 
simply the restìng 
potentìal. All 
neural aetivities 
begin with a 
ehange in the 
resting potential 
of a neuron. 


A typieal stimulus 
produces a 
temporary, 
loealized ehange 
in the resting 
potential.This 
ehange, which 
deereases with 
distanee away 
from the 
stimulus, is ealled 
a graded 
potentìal. 



If the graded potential is 
sufficiently large, it triggers 
an aetion potentìal in the 
excitable membrane of the 
axon. An aetion potential 
is an eleetrieal event that 
involves one loeation on 
the membrane. Onee an 
aetion potential develops 
in one loeation, it spreads 
along the surface of an 
axon toward the axon 
terminals. 





Synaptìe aetívìty then 
produces graded potentials 
in the plasma membrane of 
the postsynaptie eell.The 
proeess typieally involves 
the release of neurotrans- 
mitters, such as ACh, by the 
presynaptie eell.These 
compounds bind 
to reeeptors on the 
postsynaptie plasma 
membrane, ehanging its 
permeability. 



The response of the 
postsynaptie eell 
ultimately depends on 
what the stimulated 
reeeptors do and 
what other stimuli are 
influencing the eell at the 
same time. The integra- 
tion of stimuli at the level 
of the individual eell is 
the simplest form of 
ìnformatìon proeessìng 
in the nervous system. 


See Modules 11.7 
and 11.8 


See Module 11.9 



Presynaptie neuron 


2 


This figure provides an overview of the role 
of the membrane potential in neural aetivity. 
ehanges in the membrane potential have many 
important fnnetions; for example, they ean trigger 
muscle eontraetion and gland seeretion and transfer 
information in the nervons system. 


Modyle 11.6 Revìew 


a. Define membrane potential. 

b. Gompare a graded potential with an aetion potential. 
e. Define information proeessing. 


11.6 Deseribe the general role of membrane potential ehanges in neuronal aetivity. 
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Module11.7 





Watch 


The restìng potentìal is the membrane 
potentìal of an undisturbed eell 

The membrane potential of a eell is the separation of positive 
and negative eharges by the plasma membrane (Modnle 9.5, 
p. 314). The extracellular fluid (ECF) eontains high eoneen- 
trations of sodium ions (Na+) and ehloride ions (Cl“), whereas 
the eytosol eontains high eoneentrations of potassinm ions 
(K+) and negatively eharged proteins (Pr“). The ions eannot 
freely eross the lipid portions of the plasma membrane. They 
ean enter or leave the eell only throngh membrane ehannels 
or by aetive transport meehanisms. The two ions we are most 


MasteringA&P 

A^PFli 




X 


Resting Mennbrane Potential 




K+ 


eoneerned with are potassinm and sodium, because they are 
the main faetors that inflnenee the membrane potential. This 


module discusses the roles of D the differing membrane 



permeabilities for K+ and Na+, B the sodium-potassium 


LL 

t 

7 

2 


The membrane potential exists primarily beeanse 
plasma membranes eontain passive leak ehannels, 
which are always open. Their size, shape, and structure 
determine what ions ean pass throngh the membrane. 


exchange pump, and B the ehemieal and eleetrieal gradients 
for K+ and Na+. 


The membrane potential is 
a form of potential energy 
that is measured in 
millivolts (1 mV = 
one-thousandth of a volt). 
Different eells in our body 
have different membrane 
potentials, ranging from -5 
mV to -100 mV.The minus 
sign indieates that the 
eell's interior is negatively 
eharged.The resting 
membrane potential for a 
neuron is near-70 mV. 


Potassium ions 
ean diffuse out of 
the eell through 
potassium leak 
ehannels. 


The sodium-potassium exchange 
pump ejeets 3 Na”^ for every 2 
reeovered from the extracellular fluid. 
At a membrane potential of-70 mV, 
the rate of Na”^ entry versus K”^ loss is 
3:2, and the exchange pump 
maintains a stable resting potential. 


Sodium ions 
ean diffuse into 
the eell through 
sodium leak 
ehannels. 










-P 


+ 


Plasma 

membrane 


The eytosol eontains an 
abundance of negatively 
eharged proteins, vvhereas 
the extracellular fluid 
eontains relatively fevv. 
These proteins eannot eross 
the plasma membrane. 
They are an important 
eleetrieal foree involved in 
Na”^ and K+ movement. 
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An undisturbed (unstimulated) eell has a eharaeteristie resting membrane potential, or 
resting potential. This is an overview of the events responsible for the resting potential 
of a neuron. Both passive forees and aetive proeesses aet aeross the plasma membrane to 
prodnee and maintain the resting potential. The passive forees are driven by both ehemieal and 
eleetrieal gradients. The Na"‘'-K+ exchange pump is the aetive ATP-requiring proeess. 
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Potassìuim lon Gradìents 

At normal resting potential, an eleetrieal gradient opposes the 
ehemieal gradient for potassium ions (K'^).The net eleetro- 
ehemìeal gradient tends to foree potassium ions out of the eell. 


If the plasma membrane were freely permeable to potassium ions, 
the outflow of would continue until the equílíbríum potentíal 
(-90 mV) was reaehed. Note how similar it is to the resting potential. 
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Sodìum lon Gradíents 

At the normal resting potential, ehemieal and eleetrieal 
gradients eombine to drive sodium ions (Na”^) into the eell. 


If the plasma membrane were freely permeable to sodium ions, the 
influx of Na”^ would continue until the equilibrium potential (+66 mV) 
was reaehed. Note how different it is from the resting potential. 
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The ehemieal gradient for any ion is its eoneentration gradient 


aeross the plasma membrane. The eleetrieal gradient is ereated 
by the attraetion between opposite eharges, or the repnlsion between 
like eharges (+/+ or Together, these gradients determine an ions 
eleetroehemieal gradient, a form of potential energy. At a membrane 
potential known as the equilibrium potential, an ions eleetrieal and 
ehemieal gradients are equal and opposite, and there is no net 
movement of ions aeross the membrane. The equilibrium potential 
indieates an ions eontribntion to the resting potential. 


Modnle 11.7 Revíew 


a. Define resting membrane potential. 

b. What happens at the sodium-potassium 
exchange pump? 

e. What effeet would deereasing the eoneentration 
of extracellular potassium ions have on the 
membrane potential of a neuron? 


11.7 Explain howthe resting potential is ereated and maintained. 
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Module11.8 



Three types of gated ehannels ehange the 

permeabìlìty of the plasma membrane 

Permeability ehanges are due to the gated ehannels within the plasma 
membrane that open or elose in response to speeifie stimuli. The three 
different types of gated ehannels are deseribed in this module. Two types 
are espeeially important in neuron fnnetion. 


ehemieally Gated Ghannels 

ehemieally gated ehannels, or lígand'gated ehannels, open when 
they bind speeifie ehemieals. The reeeptors that bind aeetyleholine 
(ACh) at the neuromuscular jnnetion are ehemieally gated ehannels. 
ehemieally gated ehannels are most abnndant on the dendrites and eell 
body of a nenron, the areas where most synaptie eommnnieation occurs. 



Extracellular fluid 



Plasma 

membrane 


Gytosol 


Restíng state 


Gated 

ehannel 

(elosed) 


Binding 



Arríval of ACh 
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© 

Gated ehannel opens 



Voltage-Gated Ghannels 

Voltage-gated ehannels are eharaeteristie of areas of excitable membrane. Such 
membranes are eapable of generating and propagating, or spreading, an aetion 
potential (Module 9.5, p. 315). Voltage-gated ehannels open or elose in response to 
ehanges in the membrane potential. The most important voltage-gated ehannels, for 
our purposes, are voltage-gated sodium ehannels, potassinm ehannels, and ealeinm 
ehannels. Sodium ehannels (shown here) have two gates that fnnetion independently: 
an aetivation gate that opens on stimulation, letting sodium ions into the eell, and an 
inaetivation gate that eloses to stop the entry of sodium ions. 



-70 mV 


Aetivation 

gate 




ehannel elosed 


inaetivation 


-60 mV 



ehannel open 


+30 mV 



ehannel ìnaetìvated 
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Meehanieally Gated Ghannels 


Meehanieally gated ehannels open in response to physieal 
distortion of the membrane snrfaee. Such ehannels are impor- 
tant in sensory reeeptors that respond to touch, pressure, or vibration. 







Applied 

pressure 








Pressure 

removed 



ehannel open 



ehannel elosed 


Distribution of Gated Ghannels on a Neuron 

ehemieally gated ehannels are found on the neuron eell body 
and its dendrites. Voltage-gated Na+ ehannels and voltage-gated 
K+ ehannels are found along the axon of a neuron. As we will see, their 
distribntion along an axon depends on whether it is myelinated or 
nnmyelinated. Voltage-gated Ca^+ ehannels occur at axon terminals. 



ehemieally gated 
ion ehannels 



Voltage-gated Na"^ ehannels 
and voltage-gated ehannels 


Voltage-gated 

ehannels 


Most gated ehannels are elosed at the resting 
potential. The opening of gated ehannels 
inereases the rate of ion movement aeross 
the plasma membrane and this ehanges the 
membrane potential. 


Modale 11.8 Review 


a. Definegated ehannels. 

b. Identifythethreetypesofgated ehannels, and 
state the eonditions under which eaeh operates 

e. What effeet would a ehemieal that bloeks 
voltage-gated sodium ehannels in a neuron's 
plasma membrane have on its membrane 
potential? 


11.8 Deseribe the functions of gated ehannels with 
respeet to the permeability of the plasma membrane. 
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Module11.9 



Graded potentìals are loealized 

ehanges in the membrane potential 

Graded potentials, or loeal potentials, are ehanges (enrrents) in the membrane 
potential that eannot spread far from the site of stimnlation. Any stimnlns that 
opens a gated ehannel will prodnee a graded potential. Note that when 
illnstrating graded potentials, we ean ignore the leak ehannels responsible 
for the resting potential beeanse their properties do not ehange. In this 
modnle we primarily eonsider the gated ehannels for sodinm ions. 




This diagrammatie view shows the 
ehemieally gated sodium ehannels in 
the plasma membrane of the axon hilloek 
of a neuron. The membrane is at its resting 
potential and all of its ehemieally gated 
sodium ehannels are elosed. 



Gytosol 


2 


When the membrane is exposed to a 


ehemieal that opens the ehemieally 
gated sodium ehannels, sodium ions enter 
the eell. This inrush of positive eharges due 
to the large Na+ eleetroehemieal gradient 
rednees the membrane potential in this 
area. Any shift from the resting potential 
toward a more positive value is ealled a 
depolarization. Depolarization applies to 
ehanges in potential from -70 mV to 
smaller negative values (toward 0 mV) as 
well as to membrane potentials above 0 mV. 





3 


The sodium ions inside the 
eell now spread out, attraeted 


by the negative eharges along the 
inner snrfaee of the membrane. The 
extent of depolarization spreads as 
well. As the plasma membrane 
depolarizes, extracellular sodium 
ions move toward the open ehan- 
nels, replaeing ions that have 
entered the eell. This movement of 
positive eharges parallel to the inner 
and outer surfaces of the membrane 
is ealled a loeal current. 







Loeal current 


-70 mV 
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-70 mV 


The degree of depolarization deereases 
with distanee away from the stimnla- 
tion site, primarily beeanse the ions are 
entering only in one loeation but spreading in 
all direetions. The impaet on the membrane 
potential is proportional to the size of the 
stimulus, because the intensity of the 
stimulus determines the number of open 
sodium ehannels. The more open ehannels 
there are, the more sodium ions enter the 
eell, the greater the membrane area affeeted, 
and the greater the degree of depolarization. 





-65 mV 

-60 mV 

-65 mV 

-70 mV 


Membrane 

potential 
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This graph shows the 
ehanges in the membrane 


potential that occur over time 
when different ehemieal stimnli 
are applied to the axon hilloek. 


-60 


Membrane 
potential (mV) 


-70 - 


-80 


The presenee of a 
ehemieal such as 
ACh opens 
ehemieally gated 
sodium ion 
ehannels.This leads 
to membrane 
depolarization. 


Depolarization 


■ 

When the ehemieal 


It is also possible to expose the neuron to 


stimulus is removed, the 


a ehemieal that opens ehemieally gated 


membrane returns to its 


potassium ehannels.This results in an 


normal resting potential 


inereasingly negative membrane 


as the excess sodium ions 


potential as additional potassium ions 


are transported out of the 


leave the eytosol. A shift in the membrane 


eytosol.This proeess is 


potential past resting levels is ealled 

- 

ealled repolarìzatìon. 


hyperpolarìzatìon. 



Repolarization 



Resting potential 


ehemieal 

stimulus 

removed 


Hyperpolarization 



Return to 
resting potential 


Time 



Graded Potentíals 


Graded potentials, vvhether depolarizing or hyperpolarizing, share four basie 
eharaeteristies: 


6 


This table snmmarizes the 
most important eharaeteristies 


of graded potentials. 


1. The mennbrane potential is most affeeted at the site of stimulation, and the 
effeet deereases vvith distanee. 

2. The effeet spreads passively through loeal currents. 

3. The graded ehange in membrane potential may involve either depolariza- 
tion or hyperpolarization.The nature of the ehange is determined by the 
properties of the membrane ehannels involved. For example, in a resting 
membrane, the opening of sodium ehannels vvill cause depolarization, 
vvhereas the opening of potassium ehannels vvill cause hyperpolarization. 
Thus, the ehange in membrane potential refleets vvhether positive eharges 
enter or leave the eell. 

4. The stronger the stimulus, the greater the ehange in the membrane poten- 
tial, and the larger the area affeeted. 


Module 11.9 Revìew 


a. Defìnegraded potential. 

b. Deseribe depolarization, repolarization, 
and hyperpolarization. 

e. Whatfactorsaccountforthelocal 
currents assoeiated with graded 
potentials? 


11.9 Deseribe graded potentials. 
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Module 11.10 


An aetìon potentìal begìns when 

voltage-gated sodíum ion ehannels 
open and membrane potentíal reverses 


Watch 


MasteringA&P* 

-- 
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Generation of an 

Aetion Potential 




Eaeh neuron reeeives information in the form of graded potentials on its 
dendrites and eell body, and graded potentials at the axon terminals trigger the 
release of neurotransmitters. However, the two ends of the neuron may be a 
meter apart, and even the largest graded potentials affeet only a tiny area. Such 
relatively long-range eommnnieation requires a different meehanism—the aetion 
potential. Aetion potentials are propagated ehanges in the membrane potential 
that, onee initiated, affeet an entire excitable membrane. Whereas the resting 
potential depends on leak ehannels and the graded potential depends on ehemi- 
eally gated ehannels, aetion potentials depend on voltage-gated ehannels. 

Reeall that both nenrons and skeletal muscle eells have areas of excitable 
membrane eontaining voltage-gated ehannels (Module 9.5, p. 314). 


Axon hilloek 


Initial segment 



Restìng Potentìal 



The axolemma eontains both voltage- 
gated sodium ehannels and voltage- 
gated potassium ehannels. Both types 
are elosed when the membrane is at 
the resting potential. 


KEY 



Sodium ion 
Potassium ion 
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Depolarízatíon to Threshold 






2 






Aetlvatlon of Sodlum Ghannels and 
Rapld Depolarlzatlon 




current 



The stimulus that initiates an aetion 
potential is a graded depolarization large 
enough to open voltage-gated sodium 
ehannels.The opening of the ehannels 
occurs at a membrane potential known 
as thethreshold. 


When the sodium ehannel aetivation 
gates open, the plasma membrane 
beeomes much more permeable to Na”^. 
Driven by the large eleetroehemieal 
gradient, sodium ions rush into the 
eytosol, and rapid depolarization occurs. 
The inner membrane surface now 
eontains more positive ions than 
negative ones, and the membrane 
potential has ehanged from -60 mV 
to a positive value. 


This figure illustrates steps in the formation of an aetion potential 
at the initial segment of an axon. The first step is a graded depolar- 
ization caused by the opening of ehemieally gated sodium ion ehannels, 
usually at the axon hilloek. Note that when illnstrating aetion potentials, 
we ean ignore both the leak ehannels and the ehemieally gated ehannels, 
beeanse their properties do not ehange. 
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This graph plots the ehanges 


in the membrane potential at 
one loeation dnring the generation 
of an aetion potential. 
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Voltage-gated sodiunn 
ehannels open and sodiunn 
ions move into the eell.The 
membrane potential rises 
to -1-30 mV. 



A graded depolarization 
brings an area of excitable 
membrane to threshold 
(-60 mV). 
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During theabsolute 
refraetory perìod, 

the membrane 
eannot respond 
to further 
stimulation. 


During the relatìve 
refraetory perìod, 

the membrane ean 
respond only to a 
larger-than-normal 
stimulus. 
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Sodium ehannels 
elose, voltage-gated 
potassium ehannels 
open, and potassium 
ions move out of the 
eell. Repolarization 
begins. 
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The voltage-gated 
potassium ehannels 
begin elosing. Near 
threshold the 
voltage-gated 
sodium ehannels 
begin reaetivating, 
and the membrane 
soon returns to its 
normal resting state. 
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inaetìvatìon of Sodmm Ghannelsand 
Aetìvatíon of Potassíum Ghannels 
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Potassíum Ghannels Close 


Restìng Potentìal 





As the membrane potential approaehes 
-1-30 mV, the inaetivation gates of the 
voltage-gated sodium ehannels elose. 
This step is known as sodìum ehannel 
ìnaetìvatìon, and it eoineides with the 
opening of voltage-gated potassium 
ehannels. Positively eharged potassium 
ions move out of the eytosol, shifting the 
membrane potential backtoward resting 
levels. Repolarization now begins. 


The voltage-gated sodium ehannels remain 
inaetivated until the membrane has 
repolarized to nearthreshold levels. At this 
time, they regain their normal status: elosed 
but eapable of opening.The voltage-gated 
potassium ehannels begin elosing as the 
membrane reaehesthe normal resting 
potential (about-70 mV). Llntil all ofthese 
potassium ehannels have elosed, potassium 
ions continue to leave the eell.This produces 
a brief hyperpolarization. 


As the voltage-gated potassium 
ehannels elose, the membrane 
potential returnsto normal resting 
levels.The aetion potential is now 
over, and the membrane is onee 
again atthe resting potential. 


In an excitable membrane, a graded depolarization is like the pressnre 
on the trigger of a gun, and the aetion potential is like the firing of the 
gun. As long as the trigger is pulled hard enough, the gun fires, and it 
fires the same way every time. Similarly, all stimnli that bring the mem- 
brane to threshold generate identieal aetion potentials. This eoneept is 
ealled the all'Or-none prineiple, beeanse a given stimulus either 
triggers a typieal aetion potential, or it does not trigger one at all. 


Modole 11.10 Revìew 


a. Define aetion potential. 

b. List the events involved in the 
generation of an aetion potential. 

e. Gompare the absolute refraetory 
period with the relative refraetory 
period. 


11.10 Deseribe the events involved in the generation and propagation of an aetion potential. 
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Watch 


Aetìon potentìals may affeet adjaeent portions 
of the plasma membrane throngh contínuous 
propagatíon or saltatory propagatíon 



I 


MasteringA&P* 

A^PFJÌJÌ 

-s/- 

Propagation of an 
Aetion Potential 



An aetion potential generated at the initial segment doesn t move 
along the axon like a ear on a highway. Instead, the aetion potential 
at one site triggers an aetion potential at an adjaeent site, which 
triggers an aetion potential at a third site, and so forth, along the 
entire length of the axon. Beeanse the same events take plaee over 
and over, this aetivity is termed propagation. 



Continuous Propagation 

In contínuous propaga- 
tion, the aetion potential 
appears to “move” along the 
axolemma of an axon in a 
series of tiny steps. Continuous 
propagation occurs along 
nnmyelinated axons. This 
diagram shows how an aetion 
potential generated in the 
initial segment 0 affeets more 
distant portions of the axon @ 
and @. Eaeh step takes only a 
milliseeond, but the steps must 
be repeated along the entire 
axon, so propagation along an 
nnmyelinated axon only occurs 
at a speed of about 1 meter per 
seeond. 



Step 1 

As an aetion potential develops at the 
initial segnnent0,the membrane 
potential at this site depolarizes to 
+30 mV. 


Step 2 

As the sodium ions entering at 0 
spread away from the open voltage- 
gated ehannels, a graded depolariza- 
tion quickly brings the membrane in 
segment @ to threshold. 


Aetion 

potential 


Na+ 


Extracellular fluid 










Plasma 


membrane 






Gytosol 





Graded depolarization 







eiirrent 


Step 3 

An aetion potential now occurs in 
segment @ while segment 0 
begins repolarization. 


Step4 

As the sodium ions entering at 
segment @ spread laterally, a 
graded depolarization quickly brings 
the membrane in segment @ to 
threshold.The aetion potential ean 
only move forward, not backward, 
because the membrane at segment 0 
is in the absolute refraetory period of 
repolarization. 


Renolarization 
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Saltatory Propagation 


2 


Continuous propagation eannot occur along a myelinated axon, beeanse myelin 
bloeks the ílow of ions aeross the membrane. lons ean only eross the plasma 
membrane at the nnmyelinated nodes (nodes of Ranvier). As a result, only the 
nodes ean respond to a depolarizing stimulus. When an aetion potential appears 
at the initial segment of a myelinated axon, the loeal enrrent skips the internode and 


depolarizes the elosest node in a proeess ealled saltatory propagatíon {saltare, leaping). 


Step 1 

An aetion potential 
has occurred at the 
initial segment (D. 













UL 


J 

Myelinated 



■ 

internode 









0 


Extracellular fluid 








i^lìnated 











Myeli 



d 



Plasma membrane 


Gytosol 


Step 2 

A loeal current 
produces a graded 
depolarization that 
brings the axolemma 
at the next node to 
threshold. 




-60 mV 













-70 mV 


Ì^áfitinaíed 




internode 













Myelinated 


internode 


Step 3 

An aetion potential 
develops at node 


Repolarization 

(refraetory) 


0 






105 




© 




+30 mV 



Myelinated 


internode 

















-70 mV 


Myeliriated 


internode 











Myelinated 


internode 


Step 4 

A loeal current 
produces a graded 
depolarization that 
brings the axolemma 
at node @ to 
threshold. 














lí 


0 0 

* 

Myelinated 


)_ 

internode 




-60 mV 











Myaéinated 


internode 


0 


Saltatory propagation is much faster than continuous 
propagation, but there are differenees among myelinated 
axons. That is beeanse the speed varies with axon diameter. 
The larger the diameter, the lower the resistanee to ion 
movement, and the faster the aetion potential travels. 


Module 11.11 Revìew 


a. Define continuous propagation and saltatory propagation 

b. What is the relationship between myelin and the 
propagation speed of aetion potentials? 


11.11 Deseribe continuous propagation and saltatory propagation, and discuss 
the faetors that affeet the speed with which aetion potentials are propagated. 
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Module 11.12 



At a synapse, ìnformation travels from the 
presynaptíe eell to the postsynaptíe eell 

In the nervons system, messages are transmitted from one loeation to another along 
axons in the form of aetion potentials, also known as “nerve impnlses.” To be 
effeetive, messages must be not only propagated along an axon but also transferred 
in some way to another neuron or an effeetor eell. That transfer occurs at a 
synapse. At a synapse involving two 
nenrons, information is relayed from 
a presynaptie neuron to a postsynap- 
tie neuron. The two types of synapses 


are ehemieal and eleetrieal. 



ehemieal Synapses 

ehemieal synapses, which rely on 
nenrotransmitter release, are by far 
the most abnndant type of synapse. 

Most synapses between nenrons, and all 
synapses between nenrons and other 
types of eells, involve ehemieal synapses. 
Synapses that release aeetyleholine 
(ACh) as a nenrotransmitter are known 
as eholinergie synapses. This figure 
illnstrates the events that occur at a 
eholinergie synapse when an aetion 
potential arrives at an axon terminal. 

The same steps are involved in commu- 
nieation aeross a neuromuscular 
jnnetion, a proeess deseribed in Module 
9.6 (p. 316). 


Step 1 

The normal stimulus for neurotrans- 
mitter release is the depolarization 
of the axon terminal by the arrival of 
an aetion potential. 


Step 2 

The depolarization of the axon 
terminal opens voltage-gated 
calcium ehannels. Calcium ions rush 
into the axon terminal and trigger 
the exocytosis of synaptie vesieles 
and the release of ACh into the 
synaptie eleft.The calcium ions that 
triggered exocytosis are rapidly 
removed, ending the release of ACh. 


Step 3 

The released ACh diffuses aeross the 
synaptie eleft and binds to the 
ehemieally gated Na"^ reeeptors on 
the postsynaptie membrane.The 
greater the amount of ACh released, 
the more reeeptors respond, and the 
largerthe depolarization. If the 
depolarization is great enough, an 
aetion potential will appear in the 
postsynaptie neuron. 


Step 4 

The effeets on the postsynaptie 
membrane are temporary, because 
of the presenee of the enzyme 
aeetyleholinesterase (AChE) in the 
synaptie eleft. ACh molecules that 
bind to reeeptor sites are generally 
broken down within 20 msee of their 
arrival by AChE. Other ACh 
molecules diffuse away from the site. 


Presvnaotie neuron 



Aetion potential 


EXTRACELLULAR 

FLUID 


Axon terminal 
AChE 


POSTSYNAPTie 

NEURON 


I 


O 



Synaptie eleft 


ehemieally gated 
sodium ion ehannels 


Initiation of 
aetion potential 
if threshold is 



reaehed at the 
initial segment 



Propagation of 
aetion potential 
(if generated) 
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This figure summarizes the events that 
occur at a eholinergie synapse eaeh time 


an aetion potential arrives at the axon 

terminal. Beeanse nenrotransmitters are 

reabsorbed and reeyeled, the axon 

termínal ean eontinne to fnnetion 
for an extended period. However, 
after extended stimnlation it 
may be unable to keep 
paee with the demand for 
nenrotransmitter. Synaptie 
fatigne then occurs, and the 
synapse will be unable to 
fnnetion normally until its 
supply of ACh has been 
replenished. 



Postsynaptie 

nnennbrane 


Na 


+ 


reeeptor 


Events Occurrìng at a 
eholìnergìe Synapse 



An arriving aetion potential 
depolarizes the axon terminal. 



Calcium ions enterthe eytosol 
and, after a brief delay, ACh is 
released through the 
exocytosis of synaptie 
vesieles. 



ACh binds to sodium ehannel 
reeeptors on the postsynaptie 
membrane, producing a 
graded depolarization. 



Depolarization ends as ACh is 
broken down into aeetate 
and eholine by AChE. 



The axon terminal reabsorbs 
eholine from the synaptie 
eleft and uses it to synthesize 
new molecules of ACh. 


A synaptie delay lasting 0.2-0.5 msee occurs between the arrival of the aetion 
potential at the axon terminal and the effeet on the postsynaptie membrane. Althongh 
a delay of 0.5 msee is not very long, when information is being passed along a ehain of 
internenrons the cumulative synaptie delay may be eonsiderable. This is why reflexes are 
important for snrvival—they involve only a few synapses and thus provide rapid and 
antomatie responses to stimnli. There is only one way to eliminate synaptie delay entirely— 
direetly couple the presynaptie neuron to the postsynaptie eell at an eleetrieal synapse. 



Eleetrieal Synapses 


4 


At an eleetrieal synapse, the presynaptie 
and postsynaptie membranes are loeked 


together by gap jnnetions. As a result, ehanges in 
the membrane potential of one eell will prodnee 
loeal enrrents that affeet the other eell as if the 
two shared a eommon membrane. Eleetrieal 
synapses are loeated in both the CNS and PNS, 
but they are extremely rare. They are present in 
some areas of the brain, in the eye, and in at least 
one pair of PNS ganglia (the eiliary ganglia). An 
aetion potential reaehing an eleetrieal synapse will 
always be propagated to the next eell, an arrangement 
that is effieient but not versatile. Much of the complexity 
and adaptability of the nervons system resnlts from the 
faet that the responses of a postsynaptie eell ean vary 
depending on the loeal ehemieal environment or the 
aetivities of synapses that release mnltiple nenrotrans- 
mitters with varied effeets. 



Gap junctions eonneeting 


presynaptie and 
postsynaptie neurons 


Postsynaptie neuron 


Module 11.12 Revìew 


a. Deseribe the parts ofa ehemieal synapse. 

b. What is synaptie fatigue, and how does the 
synapse reeover? 

e. eontrast an eleetrieal synapse with a ehemieal 
synapse. 


11.12 Deseribe the general structure of synapses in the CNS and 
PNS, and discuss the events that occur at a ehemieal synapse. 
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Module 11.13 



Postsynaptìe potentìals are responsible 
for ìnformatìon proeessíng ìn a neuron 


An excìtatory postsynaptìe poten- 
tial, or EPSP, is a graded depolariza- 
tion caused by the arrival of a 
neyrotransmitter at the postsynaptie 
membrane that shifts the membrane 
potential eloser to the threshold. 
When that occurs, the membrane is 
said to be faeìlìtated. The larger the 
degree of faeilitation, the smaller the 
additional stimulus needed to trigger 
an aetion potential. 

i 

I 


An ìnhíbìtory postsynaptíe poten- 
tial, or IPSP, is a graded hyperpolariza- 
tion of the postsynaptie membrane. 

An IPSP may result, for example, from 
the opening of ehemieally gated 
potassium ehannels. When membrane 
hyperpolarization occurs, the neuron 
is said to be inhibited, because a 
larger-than-usual depolarizing 
stimulus must be provided to bring 
the membrane potential to threshold. 


Summation is the integration of 
the effeets of graded potentials on 
a segment of the plasma 
membrane. EPSPs and IPSPs result 
from the aetivation of different 
types of ehemieally gated 
ehannels. If two different 
neurotransmitters arrive simultane- 
ously, and both sets of ehannels 
open, the net effeet may be no 
ehange in the membrane potential. 


-60 mV - 


Time 2: 

Hyperpolarizing 
stimulus applied 


Stimulus 

removed 


Time 3: 

Hyperpolarizing 
stimulus applied 


-70 mV 



Resting potential 


-80 mV 


Time 1: 
Depolarizing 
stimulus 
applied 


Stimulus 

removed 



Resting potential 




EPSP 



IPSP 




Time3: Stimuli 

Depolarizing removed 

stimulus 
applied 


Time 



Postsynaptie potentials are graded potentials that develop in 
the postsynaptie membrane in response to a nenrotransmitter. 
Two major types of postsynaptie potentials develop at nenron-to- 
nenron synapses: excitatory postsynaptie potentials and inhibitory 
postsynaptie potentials. 


2 


A single nenron may reeeive information 
aeross thonsands of synapses. Some of 
the nenrotransmitters arriving at the postsynap- 
tie eell at any moment may be excitatory, others 
may be inhibitory. The net effeet on the 
membrane potential at the axon hilloek 
determines how the nenron responds from 
moment to moment. This is beeanse (1) the 
axon hilloek is elosest to the initial segment, 
and graded potentials are what trigger the aetion potential, and 
(2) the threshold at the bonndary between the axon hilloek and 
the initial segment is lower than it is elsewhere on the eell body. 
Thus it is the axon hilloek that integrates the excitatory and 
inhibitory stimuli affeeting the eell body and dendrites at any 
given moment and determines the rate of aetion potential 
generation at the initial segment. This integration proeess is the 
simplest level of information proeessing in the nervons system. 
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An individnal EPSP or IPSP has a small effeet on the membrane potential A typieal 


EPSP prodnees a depolarization of abont 0.5 mV at the postsynaptie membrane. 
Before an aetion potential will arise in the initial segment, loeal enrrents must depolarize 
that region by at least 10 mV. Therefore, a single EPSP will not result in an aetion poten- 
tial, even if the synapse is on the axon hilloek. However, individnal EPSPs eombine 
throngh the proeess of snmmation. There are two forms of snmmation that ean generate 
an aetion potential: temporal snmmation and spatial snmmation. 



Temporal Summation 


AGTION 


SEGOND 


FIRST 


POTENTIAL 


STIIV1ULUS 


STIMULUS 


PROPAGATION 


Threshold 


Inítíal 


reaehed 


segnnent 


Temporal summatíon {tempus, time) occurs when a single synapse is aetive repeatedly. For 
example, a typieal EPSP lasts about 20 msee, but under maximum stimulation an aetion 
potential ean reaeh the axon terminal eaeh milliseeond. When a seeond EPSP arrives before 
the effeets of the first EPSP have disappeared, another group of vesieles diseharges ACh into 
the synaptie eleft, more ACh molecules arrive at the postsynaptie membrane, and the degree 
of depolarization inereases. In this way, a series of small steps ean eventually bring the initial 
segment to threshold. 


Spatial Summation 



Spatìal summatìon involves multiple synapses that are aetive simultaneously.The effeets 
on the membrane potential are cumulative, because eaeh aetive synapse opens gated 
ehannels that allow ion movement in or out of the eell. In this example, the aetive 
synapses are generating EPSPs and opening gated ehannels that let sodium ions enter 
the eell.The effeets are cumulative, and the degree of depolarization at the initial segment 
depends on (1) how many excitatory synapses are aetive at any given moment, and (2) 
how far they are from the initial segment. As in temporal summation, an aetion potential 
results when the membrane potential at the initial segment reaehes threshold. 


Eaeh neuron integrates the information arriving aeross synapses, 
and also monitors and responds to a variety of faetors in the loeal 
environment. Neurons are dynamie, aetive eells, and their sensi- 
tivity to stimnlation ehanges in response to variations in body 
temperatnre, oxygen or nntrient availability, or the presenee of 
abnormal ehemieals. 


Modale 11.13 Revìew 


a. Define excitatory postsynaptie 
potential (EPSP) and inhibitory 
postsynaptie potential (IPSP). 

b. Ifa single EPSPdepolarizesthe initial 
segmentfrom a resting potential of 
-70 mV to -65 mV, and threshold is 
at -60 mV, will an aetion potential be 
generated? Explain your answer. 

e. eompare temporal summation with 
spatial summation. 


11.13 Discuss the signifieanee of postsynaptie potentials, including the roles 
of excitatory postsynaptie potentials and inhibitory postsynaptie potentials. 
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Module 11.14 



Informatíon proeessíng involves interaeting groups 
of neurons, and information is eneoded in the 
frequency and pattern of aetion potentials 



Cellular information proeessing occurs 
at the postsynaptie membrane, as the 
membrane potential at the axon hilloek rises 
and falls. Higher levels of information proeessing 
involve regulatory neurons that faeilitate or inhibit 
the aetivities of presynaptie nenrons by affeeting the 
membrane of the eell body or by altering the 
sensitivity of axon terminals. 


Regulatory 

neurons 




neuron 


Postsynaptie 

neuron 


2 


One of the reasons the nervons system is so complex and versatile is that it uses 
more than 100 different nenrotransmitters that eaeh work in different ways. This 


table introdnees a few of the important nenrotransmitters you will encounter in later 
ehapters. As you see, they may have indireet effeets as well as direet effeets on ion ehan- 
nels. The indireet effeets usually involve binding to G proteins, a diverse family of enzyme 
complexes attaehed to membrane reeeptors. As we will see in Ghapter 16, aetivated G 
proteins trigger the formation or release of other prodnets ealled seeond messengers 
that alter eonditions in the eytoplasm and ehange the aetivity of the postsynaptie eell. 


Seleeted Neurotransmitters 

Neu rotra nsm ìtter 

ehemieal Structure 

Meehanísm of Aetíon 

Loeatìon 

Gomments 

Aeetyleholíne (ACh) 

CH3 0 

CH3 —N —CH2 —CH2 —0 —e—CH3 

CH3 

Primarily direet, through 
binding to ehemieally 
gated ehannels 

CNS: Synapses throughout brain 
and spinal eord 

PNS: Neuromuscular junctions, 
neuroglandular junctions, and 
synapses in autonomic ganglia 

VVidespread in CNS and 

PNS; best known and 
most studied of the 
neurotransmitters 


Norepinephrìne (NE) 



indireet, through CNS: Gerebral cortex, 

G proteins and seeond hypothalamos, brain stem, 
messengers cerebellum, and spinal eord 

PNS: Most neuromuscular and 
neuroglandular junctions of 
sympathetie division of ANS 


Involved in attention and 
consciousness, eontrol of 
body temperature, and 
regulation of pituitary gland 
seeretion 


Epínephríne (E) 



indireet: G proteins and 
seeond messengers 


CNS:Thalamus, hypothalamus, 
midbrain, and spinal eord 


Generally excitatory effeet 
along autonomic pathvvays 


Serotonín 


Glotamate 


Gamma- 
amínobotyríe 
aeíd (GABA) 



Primarily indireet: 

G proteins and seeond 
messengers 


CNS: Hypothalamus, limbie 
system, cerebellum, spinal eord, 
and retina 



indireet: G proteins and CNS: Cerebral cortex and brain 
seeond messengers stem 

Direet: opens calcium/ 
sodium ehannels 


Important in emotional 
states, moods, and body 
temperature; several illieit 
hallucinogenic drugs, such 
as Eestasy, target serotonin 
reeeptors 

Important in memory and 
learning; most important 
excitatory neurotransmitter 
in the brain 



Direet or indireet CNS: Cerebral cortex, cerebellum, Direet inhibitory effeets: 

(G proteins), depending interneurons throughout brain opens Cr ehannels; indireet 

on type of reeeptor and spinal eord eífeets: opens K+ ehannels 

and bloeks entry of ea^^ 


420 • ehapter ì l:Neural Tissae 

































Time 


KEY 

I Arrival 
= ofaetion 
T potential 




l\/laximum tension (in tetanus) 



Twitch eontraetions 



YTTYYrYrYYYYY 


Ineomplete tetanus 


Tetanus 



3 


In the nervons system, complex 


information is translated into 
aetion potentials that are propagated 
along axons. On arrival, the message is 
often interpreted solely on the basis of 
the frequency of aetion potentials. 

This figure shows how the rate of 
aetion potentials arriving at a neuro- 
muscular junction determines the 
nature of the resulting eontraetion. 




—Frequency of aetion potentials (per seeond) 



This table snmmarizes the key eoneepts for nnderstanding 
information proeessing in the nervons system. 


Information Proeessing 


• The neyrotransmitters released at a synapse may have either excitatory 
or inhibitory effeets.The effeet on the axon's initial segment refleets 

a summation of the stimuli arriving at any moment.The frequency of 
aetion potentials generated is an indieation of the degree of sustained 
depolarization at the axon hilloek. 

• Neurons may be faeilitated or inhibited by extracellular ehemieals other 
than neurotransmitters. 

• The response of a postsynaptie neuron to the aetivation of a pre- 
synaptie neuron ean be altered by (1) the presenee of ehemieals that 
cause faeilitation or inhibition at the synapse, (2) aetivity under way at 
other synapses affeeting the postsynaptie eelf and (3) modifìeation of 
the rate of neurotransmitter release through faeilitation or inhibition by 
regulatory neurons. 

• Information is relayed in the form of aetion potentials. In generaf the 
degree of sensory stimulation or the strength of the motor response is 
proportional to the frequency of aetion potentials. 


Modyle 11.14 Revìew 


a. Deseribe the role of regulatory neurons. 

b. What determinesthefrequency of 
aetion potential generation? 

e. The greater the degree ofsustained 
depolarization at the axon hilloek, 

the_(higher or lower) 

thefrequencyof aetion potentials 
generated. 


11.14 Discuss the interaetions that make information proeessing in neural tissue possible. 
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Vocabulary 

VVrite the term for eaeh of the follovving deseriptions in the spaee provided. 
A propagated ehange in the membrane potential 




A synapse in vvhieh the presynaptie and postsynaptie neuronal membranes are loeked 
together by gap junctions 



The membrane potential of an unstimulated eell 



lon ehannels that open or elose in response to speeifie stimuli 



ehemieal synapses that release aeetyleholine 



A shift in the membrane potential from -70 mVto -85 mV 



Movement of positive eharges parallel to the inner and outer plasma membrane surfaces 



A shift in the membrane potential from —70 mV to +30 mV 


1 

1 

2 

I 

3 

I 

4 

I 

5 

I 

6 

I 

7 


Short answer 


For the follovving diagram of a eholinergie synapse, vvrite the names of eomponents 9-14 in the boxes at left, 
and then fill in the table at right vvith deseriptions of the events represented by 15-20. 


eomponents 








Mitoehondrion 





Acetyl-CoA 


20 



eholine^^eh^ 


Aeetate \ 



19 



F 


POSTSYNAPTie 

MEMBRANE 



Ch 


9 


AXON 

TERMINAL 


12 



10 


10 



Ch 


11 



17 


SYNAPTie 

CLEFT 



14 



Seetíon íntegratìon 

Guillain-Barré (GHEE-yan BAH-rá) syndrome is a degeneration of myelin sheaths that ultimately may result in paralysis. Propose a meehanism by 
vvhieh myelin sheath degeneration ean cause muscular paralysis. 
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GHAPTER 11 REVIEVV • NeuralTíssue 


Study Outlìne 


^ SECTION 1 * Cellular Organization of the NervousSystem 



The nervous system has two dìvìsìons: the CNS and PNS 

p. 395 


1. The eentral nervous system (CNS) eonsists of the brain 
and spinal eord. It is responsible for integrating, proeessing, 
and eoordinating sensory data and motor eommands. 

2. The perípheral nervous system (PNS) includes all the 
neural tissue outside the CNS. 

3. Reeeptors deteet ehanges in the internal and external 
environment.The sensory dìvìsíon of the PNS brings 
information from reeeptors to the CNS. 

4. The motor dìvísìon of the PNS earries motor eommands 
from the CNS to the effeetors or target organs. 



Neurons are nerve eells speeìalìzed for ìntercellular 
communìcatìon p. 396 

5. Neurons have three general regions: dendrìtes that 
reeeive stimuli; a eell body that eontains the nucleus and 
other organelles; and an axon that earries information to 
other eells. 


6. The telodendrìa of an axon end at axon termínals. Axon 
terminals are part of the synapse where the neuron 
communicates with another eell. 


7. Axon terminals eontain synaptìe vesìeles eontaining 
neurotransmitters. 




Neurons are elassìfìed on the basìs of structure or functìon 

p. 398 


8. The four major anatomieal elasses of neurons are 

anaxonìc, bìpolar, unípolar, and multìpolar. 

9. Functionally, neurons are elassified sensory neurons, 
ìnterneurons, or motor neurons. 



Olìgodendroeytes, astroeytes, ependymal eells, and 
mìeroglìa are neuroglìa of the CNS p. 400 


10. Neuroglía, or glìal eells, support and proteet neurons. 


11. Ependymal eells are assoeiated with eerebrospinal fluid 
production and circulation. Mìeroglía remove cellular 
debris and pathogens. Astroeytes maintain the blood- 
braìn barríer. 


12. Olìgodendroeytes help form the myelin sheath that 
surrounds axons making up whìte matter. Gray matter 
is unmyelinated neuron eell bodies, dendrites, and 
unmyelinated eell axons. 



Schwann eells and satellìte 
eells are the neuroglìa of the 

PNS p. 402 

13. Schwann eells form a myelin 
sheath around or enelose 
segments of peripheral axons. 


14. Satellite eells surround eell 
bodies in ganglia. 


15. In the PNS, repair of nerves 
may follow Wallerían 
degeneratíon, a proeess 
that often fails to restore full 
function. 


SECTION 2 • Neurophysìology 



ì 





Schwann eells form 
a sheath aroand 
peripheral axons. 



Neuronal aetìvìty depends on ehanges ìn membrane 
potentìal p. 405 


16. Membrane potentìal is the unequal eharge distribution 
between the inner and outer surfaces of the plasma 
membrane, where there is a slight negative eharge inside 
the plasma membrane with respeet to the outside. 

17. All neural aetivities begin with a ehange in the restíng 
membrane potentìal, or restìng potentìal, of the neuron. 

If loealized ehanges in resting potential, ealled graded 
potentíals, are sufficient, they ean trigger an aetíon potentìal. 

18. An aetion potential at the axon terminal causes release 
of neurotransmitter by the presynaptie eell and graded 
potentials in the postsynaptie eell.This entire proeess is 
ealled synaptíe aetìvíty. 



The restìng potentìal ìs the membrane potentìal of an 
undlsturbeci eell p. 406 


19. Passive leak ehannels allow the movement of Na+ into 
the eell, and K+ out of the eell. 

20. The sodium-potassium exchange pump, an aetive ATP- 
requiring proeess, ejeets 3 Na+ for every 2 K+. 

21. Potassium ion gradients foree K+ out of the eell, and 
sodium ion gradients drive Na^ into the eell 

22. The resulting resting membrane potential for a neuron is 
approximately-70 mV. 



Three types of gated ehannels ehange the permeablllty of 
the plasma membrane p. 408 


23. Resting potential is stable until the eell is disturbed. 
When disturbed, ion permeability ehanges due to gated 
ehannels within the plasma membrane. 
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GHAPTER 11 REVIEVV • NeuralTissue (contínued) 


24. ehemìeally gated ehannels, or lígand-gated ehannels, 

open when speeifie ehemieals such as ACh bind to them. 

25. Voltage-gated ehannels open or elose in response to 
ehanges in membrane potential and are eharaeteristie of 
excitable membranes.These membranes are eapable of 
generating and propagating aetion potentials. 

26. Meehanìeally gated ehannels open in response to 
physieal distortion ofthe membrane surface.They are 
found in sensory reeeptors that respond to touch, pressure, 
or vibration. 



Graded potentìals are loealìzed ehanges In the membrane 
potentlal p. 410 


27. Graded potentìals eannot spread far from the site of 
stimulation. 


40. When an aetion potential depolarizes an axon terminal, 
calcium ions enter the eell, and ACh is released through 
exocytosis of synaptie vesieles from the presynaptie eell. 

41. ACh binds to sodium ion ehannel reeeptors on 
the postsynaptie membrane, producing a graded 
depolarization. 

42. Depolarization ends as ACh is broken down into aeetate 
and eholine by AChE. 

43. The axon terminal reabsorbs eholine from the synaptie 
eleft and uses it to synthesize new ACh molecules. 

44. In eleetríeal synapses, the presynaptie and postsynaptie 
membranes are loeked together by gap junctions. These 
structures allow for ehanges in membrane potential to be 
transferred from one eell to the other.These rare synapses 
are loeated in both the PNS and CNS. 


28. Any shift from resting potential toward a more positive 
value is ealled depolarízatìon. 

29. A return to normal resting potential is ealled 
repolarìzatìon, and results when excess Na^ leaves the 
eeil. 

30. Hyperpolarìzatíon is a shift in membrane potential more 
negative than resting potential. 


11.10 j 


An aetìon potentìal begìns when voltage-gated sodlum 
lon ehannels open and membrane potentlal reverses 

p.412 


31. A graded potential that reaehes threshold (-60 mV) 
initiates an aetìon potentíal. 

32. Onee threshold is reaehed, voltage-gated Na+ ehannels 
open, Na+ enters the eell, and membrane potential rises to 
-1-30 mV. 


33. Repolarization begins when Na^ ehannels elose, and then 
voltage-gated K+ ehannels open, allowing K+ to move out 
of the eell. 


34. Repolarization continues as K+ ehannels elose, and both 
Na^ and K+ ehannels return to their normal state. 


35. During the absolute refraetory perìod, the membrane 
eannot respond to further stimulation. During the relatíve 
refraetory períod, the membrane ean respond only to a 
larger-than-normal stimulus. 


11.11 


Aetlon potentlals may affeet adjaeent portlons of the 
plasma membrane through contlnuous propagatlon or 
saltatory propagatlon p. 414 

36. In contínuous propagatíon the aetion potential moves in 
a series of tiny steps along the axon. 

37. In saltatory propagatíon, depolarization occurs only at 
the nodes (nodes of Ranvier) of a myelinated axon. Aetion 
potentials travel much faster in saltatory propagation than 
in continuous propagation. 

38. Propagation speed along myelinated axons also depends 
on axon diameter. The larger the diameter, the lower the 
resistanee to ion movement, and the faster the aetion 
potential travels. 


11 . 12 ] 


At a synapse, Informatlon travels from the presynaptle eell 
to the postsynaptle eell p. 416 


39. ehemìeal synapses, the most abundant type of 

synapse, release neurotransmitter into the synaptie eleft. 

eholìnergìe synapses release ACh. 


11.13 


r 


Postsynaptle potentlals are responslble for Informatlon 
proeesslng In a neuron p. 418 


45. An excìtatory postsynaptìe potentìal, or EPSP, is a 

graded depoíarization that shifts membrane potential 
toward threshold. 


46. When the membrane potential shifts toward threshold, 
the membrane is faeílìtated. The larger the faeilitation, the 
smaller the additional stimulus needed to trigger aetion 
potential. 


47. An ínhìbítory postsynaptìe potentìal, or IPSP, is a graded 
depolarization that opens ehemieally gated K+ ehannels 
and causes hyperpolarization. 


48. Summatíon is the integration of EPSP and IPSP. Temporal 
summatìon occurs when a single synapse is aetive 
repeatedly. Spatíal summatìon involves multiple synapses 
that are aetive simultaneously. 


11.14 


r 



Informatlon proeesslng Involves interaetlng groups of 
neurons, and Informatlon Is eneoded In the frequency and 
pattern of aetlon potentlals p. 420 


49. Neurotransmitter release at a synapse may be either 
excitatory or inhibitory, depending on the summation 
of the stimuli, extracellular ehemieals other than 
neurotransmitters, and other complex faetors. 

50. There are over 100 different neurotransmitters that eaeh 
work in different ways. 
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ehapter Revìew Questíons 


Labelìng 


Label the structures in 
the follovving diagram. 





True/False 


indieate vvhether eaeh statement is true or false. 



Somatie sensory reeeptors monitor internal organs. 



Synaptie vesieles eontain neurotransmitters. 



Mieroglia maintain the blood-brain barrier. 



Sehvvann eells form the neurilemma. 



The resting membrane potential for a neuron is 
near -70 mV. 


9 

10 
11 
12 
13 


Matehìng 

Mateh eaeh lettered term vvith the most elosely related deseription. 


a. relative refraetory period 

b. voltage-gated ehannel 
e. oligodendroeyte 

d. ehemieally gated ehannel 

e. meehanieally gated ehannel 

f. Sehvvann eell 

g. absolute refraetory period 

h. astroeyte 



Produces myelin in the CNS 



Opens in response to physieal distortion 



A time vvhen a membrane ean respond only to a 
larger-than-normal stimulus 




Opens or eloses in response to ehanges in 
membrane potential 

Produces myelin in the PNS 



A time vvhen a membrane eannot respond 
to further stimulation 



Maintains the blood-brain barrier 



Opens in response to neurotransmitters 


14 

15 

16 


17 

18 
19 


20 

21 
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GHAPTER 11 REVIEVV • NeuralTissue (contínued) 


IVIultìple ehoìee 


Seleet the eorreet ansvver from the list provided. 



In the CNS, a neuron typieally reeeives information from other 
neurons at its 

Q a) axon. 

Q b) Nissl bodies. 

Q e) dendrites. 

Q d) nucleus. 



The neural eells betvveen sensory neurons and motor neurons are 

Q a) neuroglia. 

Q b) interneurons. 

Q e) sensory ganglia. 

Q d) autonomic ganglia. 



Any shift from resting potential tovvard a more positive value 
is ealled 

Q a) repolarization. 

Q b) depolarization. 

Q e) membrane potential. 

Q d) hyperpolarization. 



VVhieh of the follovving statements is true regarding plasma 
membrane leakehannels? 

Q a) Na^ passively moves through leak ehannels to exit eell. 
Q b) Na^ aetively moves through leak ehannels to exit eell. 
Q e) K+ passively moves through leak ehannels to exit eell. 
Q d) K+ aetively moves through leak ehannels to exit eell. 



Reeeptors that bind to ACh at the postsynaptie membrane are 
Q a) voltage-gated ehannels. 

Q b) meehanieally gated ehannels. 

Q e) passive ehannels. 

Q d) ehemieally gated ehannels. 



If the resting membrane potential of a neuron is -70 mV, and 
threshold is -60 mV, a membrane potential of -55 mV 

Q a) vvill produce an aetion potential. 

Q b) vvill hyperpolarize the membrane. 

Q e) is referred to as the absolute refraetory period. 

Q d) vvill cause an IPSP. 



Repolarization does not include 

Q a) voltage-gated Na+ ehannels elosing. 

Q b) voltage-gated Na+ ehannels opening. 

Q e) voltage-gated K+ ehannels elosing. 

Q d) Na+ and K+ ehannels returning to their normal states. 


Short answer 



VVhat are the major eomponents of the eentral nervous system 
(CNS) and the peripheral nervous system (PNS)? 



VVhat three functional elasses of neurons are found in the nervous 
system? VVhat is the function of eaeh type of neuron? 



Hovv does a graded potential differ from an aetion potential? 



VVhat is the differenee betvveen temporal summation and spatial 
summation? 



Distinguish betvveen continuous propagation and saltatory 
propagation. 


MasteringA&P® 

Aeeess more ehapter study tools online in the MasteringA&P Study Area: 

■ ehapter Quízzes, Ghapter Praetiee Test, Art-labeling Aetivities, 
Animatíons, MP3 Tutor Sessíons, and eiinieal Case Studíes 




■ Praetiee Anatomy Lab 

PAL 

■ interaetive Physiology 

ip. 

■ A&P Flix 

AáPFlÌJí 

■ PhysioEx 

PhysioEx 
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ehapter Integratìon • Applyíng what you have learned 


Multíple selerosis is a progressive, 
debiiitating, demyelinating disease 

Multiple selerosis (MS) is a progressive, debilitating autoimmune 
disease in which the body s immune system attaeks myelinated 
portions of the eentral nervons system, leading to demyelination 
of affeeted axons. The disease is so named beeanse seleroses— 
also known as sears, plaques, or lesions—form in many 
plaees within myelinated regions (white matter). The age 
at onset is most eommonly between 20 and 40 years. The 
cause of the disease is unknown, but may involve some 
eombination of environmental agents, genetie faetors, 
and viral infeetions. Gommon signs and symptoms 


inelnde partial loss of vision and problems with 
speeeh, balanee, and general motor eoordination, 
inelnding loss of bowel and nrinary bladder 
eontrol. The ineidenee among women is 
about twice that of men. Individnals 
with MS experience nnpredietable, 
reenrrent eyeles of deterioration, 
remission, and relapse. There is no 
cure for MS, although drugs that 
alter the sensitivity or responses 
of the immune system ean slow 
the progression of the disease. 






Define demyelination. 

Why would índíviduals with MS experíence generalized motor 
eoordínatíon dysfunction? 

Which glial eells would be affeeted in MS? 
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These Learning 
Onteomes 
eorrespond 
bynnmberto 
this ehapter's 
modnles and 
indieate what 
you should be 
able to do after 
eompleting 
the ehapter. 

V J 


SECTION 1 • Functìonal Organìzatìon of the Spìnal Cord 


12.1 


12.2 


12.3 


12.4 


12.5 


12.6 


12.7 


12.8 


12.9 


Deseribe how the spinal eord ean function without input 
from the brain. 


Discuss the anatomieal features of the spinal eord. 

Deseribe the three meningeal layers that surround the spinal 
eord. 


Explain the roles of white matter and gray matter in proeessing 
and relaying sensory information and motor eommands. 

Deseribe the major eomponents of a spinal nerve. 

Deseribe the rami assoeiated with spinal nerves. 


Relate the distribution pattern of spinal nerves to the region they 
innervate, and deseribe the eervieal plexus. 

Relate the distribution pattern of the braehial plexus to its 
function. 


Relate the distribution patterns of the lumbar plexus and saeral 
plexus to their functions. 



SECTION 2 • lntroduction to Reflexes 


12.10 


12.11 


12.12 


12.13 


Discuss the signifieanee of neuronal pools, and deseribe their major 
patterns of neuron interaetion. 

Deseribe the steps in a reflex. 

Deseribe the steps in the streteh reflex. 

Explain withdrawal reflexes and erossed extensor reflexes and the 
responses produced by eaeh. 


12.14 



CLINICALMODIJLE Explain the value of reflex testing and how 
the brain may eontrol and modify reflex responses. 


(S) 

Learning Onteomes 
arerepeated atthe 
bottomofeaeh 
module. 
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Module 12.1 


SECTION 1 • Functìonal Organìzatìon of the Spìnal Cord 



The spìnal eord ean functlon 
Independently from the braln 

Organization is usually the key to success in any complex environment. In a 
large eorporation, for example, only the most important problems reaeh the 
desk of the president. The nervons system works in much the same way. We are 
consciously aware of only a small fraetion of the day-to-day aetivities monitored 
by sensory reeeptors and eontrolled by motor nenrons. Throughout our lives, 
input pathways are routing sensations, proeessing eenters are prioritizing 
and distribnting information, and motor eenters are direeting responses to 
stimnli, most often ontside of our awareness. This is possible only beeanse the 
nervons system is so highly organized. Beeanse our primary interest here is how 
the nervons system fnnetions, we will eonsider the system from a fnnetional 
perspeetive. Our approaeh is represented in the diagram below. 


The Brain (see ehapter 13) 


Sensory 

reeeptors 


The Splnal Cord 


Sensory 

reeeptors 


Sensory input 
over eranial nerves 


Sensory input 
over spinal nerves 


Reflex 

eenters 


Motor output over 
eranial nerves 


Effeetors 



Muscles 




Glands 



Adipose tissue 



This ehapter eonsiders the spinal eord, spinal nerves, and spinal reflexes. We 
will begin with the spínal eord, the simplest part of the CNS, beeanse the 
fnnetional and structural relationships are relatively easy to nnderstand. A 
reflex is a rapid, antomatie response triggered by speeifie stimnli. Spinal 
reflexes are eontrolled in the spinal eord. They ean fnnetion without any 
input from the brain. Ghapter 13 examines the brain, eranial nerves, eranial 
reflexes, and the major pathways that intereonneet the brain and spinal eord. 


l\/lodule12.1 Revìew 


a. Deseribe the direetion ofsensory input 
and motor eommands relative to the 
spinal eord. 

b. What is a reflex? 

e. Definespinal reflex. 


12.1 Deseribe how the spinal eord ean function without input from the brain. 
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Module12.2 




The spìnal eord eontains gray 
matter and vvhite matter 


The adult spinal eord is approximately 45 em (18 in.) 
long with a maximum width of roughly 14 mm (0.55 
in.). Note that the eord itself is not as long as the 
vertebral column—instead, the adult spinal eord 
ends between vertebrae and L^. In seetional 
view, it has an outer layer of white matter and 
an inner layer of gray matter surrounding 
a small eentral eanal. The amount of gray 
matter is greatest in segments of the spinal 
eord dedieated to the sensory and motor 
eontrol of the limbs. These segments are 
expanded, forming the eervieal and thoraeie 
enlargements of the spinal eord. 


Gervieal spinal 


nerves 


Thoraeie spinal 


nerves 



There are 31 pairs of spinal nerves, eaeh identified by 
its assoeiation with adjaeent vertebrae. Eaeh spinal 
nerve inferior to the first thoraeie vertebra takes its name 
from the vertebra immediately snperior to it. For example, 
spinal nerve emerges immediately inferior to vertebra T 
spinal nerve T^ follows vertebra T^, and so forth. This 
arrangement differs in the eervieal region. There the first 
pair of spinal nerves, Ci, passes between the skull and the 
first eervieal vertebra. For this reason, eaeh eervieal nerve 
takes its name from the vertebra immediately inferior to 
it. In other words, eervieal nerve preeedes vertebra 
and the same system is used for the rest of the 
eervieal series. The transition from one nnmbering 
system to another occurs between the last eervieal 
vertebra and the first thoraeie vertebra. The spinal 
nerve found at this loeation is designated Gg. 

Therefore, althongh there are only seven eervieal 
vertebrae, there are eight eervieal nerves. 




Lumbar 

spinal 

nerves 


Saeral spinal 


nerves 


upper limbs. 



The eervìeal enlargement innervates 
(supplies nerves to) the shoulder and 


Posterior median sulcus 


The lumbar enlargement innervates 
structures of the pelvis and lower 
limbs. 


The conus medullarís is the tapered, 
eonieal portion of the spinal eord 
inferior to the lumbar enlargement. 


Inferior tip of spinal eord 


Goeeygeal 
nerve (Coi) 



Because the adult spinal eord ends at 
the level of the first or seeond lumbar 
vertebra, the dorsal and ventral roots of 

spinal segments to S 5 extend 
inferiorly. When seen in gross dissee- 
tion, the filum terminale and the long 
ventral and dorsal roots resemble a 
horse's tail. Henee, this complex is 
ealled the cauda equìna (KAW-duh 
ek-WÌ-nuh; cauda, tail - 1 - equinus, horse). 



The filum termìnale ("terminal 
thread") is a slender strand of fibrous 
tissue that extends from the inferior 
tip of the conus medullaris to the 
seeond saeral vertebra. It provides 
longitudinal support to the spinal eord 
as a eomponent of the eoeeygeal 
ligament. 
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KEY 

Spinal eord regions 


= Gervieal 
= Thoraeie 
= Lombar 
= Saeral 


The posterìor medìan sulcus 

is a shallovv longitudinal groove 
on the posterior (dorsal) 
surface of the spinal eord. 


The dorsal root eontains 
the axons of the neurons 
vvhose eell bodies are in 


the dnrsal rnnt nannlinn. 





Spinal 

nerves 






\ 

/ 


r 

v" r 
r 
r 
r 




j 

I 


Coi ^ 


Adult vertebrae 
and spínal eord, 
lateral víew 


The anterìor medìan fìssure 

is a deep groove along the 
anterior (ventral) surface. 



SegmentT^ 


Gentral 

eanal 



Segment L<| 



2 


Segment S^ 


The spinal eord is divided into 
31 segments, eaeh of which 
gives rise to a pair of spinal nerves. 
There are 8 eervieal, 12 thoraeie, 5 
Inmbar, 5 saeral, and 1 eoeeygeal 
spinal segments. 



A dorsal root ganglìon eontains the eell 
bodies of sensory neurons whose axons 
earry information to the spinal eord. Eaeh 
segment of the spinal eord has a pair of 
dorsal root ganglia, one on eaeh side. 


A single spìnal nerve eontains the axons 
of sensory and motor neurons. The 
sensory fibers enter the CNS through the 
dorsal root.The motor fibers emerge 
from the CNS within the ventral root. 


The ventral root eontains the axons of 
motor neurons that extend into the 
periphery to eontrol somatie and viseeral 
effeetors. 


The superficial whìte matter eontains large 
numbers of myelinated and unmyelinated 
axons. 


TT 


The deep gray matter is dominated by the 
eell bodies of neurons, neuroglia, and 
unmyelinated axons. It surrounds the narrow 
eentral eanal and forms an H or butterfly 
shape. 


■à' 


Note that spinal eord segments S 1 -S 5 
are level with T 12 -L 1 vertebrae. This is 
beeanse after age 4, the vertebral 
eolnmn eontinnes to elongate, but the 
spinal eord does not. As a result, the 
dorsal and ventral roots gradnally 
elongate, and the eorrespondenee 
between the spinal segment and 
vertebra is lost. 


Modyle 12.2 Revíew 


a. Atypieal spinal eord has how many 
pairs of spinal nerves, and where does 
thespinal eord end? 

b. Deseribe the eomposition ofthe gray 
matter of the spinal eord. 

e. Deseribe the gross anatomieal features 
of a eross seetion of spinal eord. 


12.2 Discuss the anatomieal features of the spinal eord. 
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Module12.3 

j 


The spínal menìnges, eonsístìng of the dura mater, 
araehnoíd mater, and pía mater, surround the spínal eord 


The delieate neural tissues 
must be proteeted from shoeks, 
including damaging eontaet with 
the surrounding bony walls of 
the vertebral eanal. The spinal 
meninges (me-NIN-jèz; singnlar, 
meninXj membrane), a series of 
speeialized membranes surrounding 
the spinal eord, provide the 
neeessary physieal stability and 
shoek absorption. Blood vessels 
branehing within these layers 
deliver oxygen and nntrients to the 
spinal eord. The spinal meninges 
eonsist of three layers: (1) the dura 
mater, (2) the araehnoid mater, and 
(3) the pia mater. At the foramen 
magnum of the skull, the spinal 
meninges are continuous with the 
eranial meninges, which surround 
the brain. 


The basie relationships among the 
spinal meninges ean be seen in this 
posterior view of the disseeted spinal eord. 



Gray matter 
VVhite matter 


Ventral 


nerve 


Dorsal 



The pìa mater (PÉ-uh MÀ-ter; p/a, 
delieate -i- mater, mother) eonsists 
of a meshvvork of elastie and 
eollagen fibers that is firmly 
bound to the underlying neural 
tissue. 


The araehnoíd (a-RAK-noyd; 
araehne, spider) mater is the 
middle meningeal layer. It 
includes a simple squamous 
epithelium, ealled the araehnoid 
membrane, and the subarachnoid 
spaee that extends betvveen the 
araehnoid membrane and the 
outer surface of the pia mater. 


The tough, fibrous dura mater 
(DOO-ruh; dura, hard) is the 
outermost eovering of the spinal 
eord. It eontains dense eollagen 
fibers that are oriented along the 
longitudinal axis of the eord. A 
narrovv subdural spaee separates 
the dura mater from the araeh- 
noid mater. 


2 


A eross'seetional view provides additional 
information about the surrounding structures 


and the spaees between the meningeal layers. 



The subarachnoìd spaee eontains 
the araehnoid trabeculae, a 
netvvorkof eollagen and elastie 
fibers that attaehes the araehnoid 
mater to the pia mater. It is filled 
vvith eerebrospìnal fluíd (CSF), 
vvhieh aets as a shoek absorber and 
a diffusion medium for dissolved 
gases, nutrients, ehemieal messen- 
gers, and vvastes. 


Dorsal root 
Adipose tissue 


Ventral 

root 


Betvveen the dura mater and the 
vvalls of the vertebral eanal lies the 
epìdural spaee.This region 
eontains areolar tissue, blood 
vessels, and a proteetive padding 
of adipose tissue. 


Pia mater- 

Araehnoid mater 
Dura mater- 


The spinal meninges aeeompany 
the dorsal and ventral roots as 
they pass through the interverte- 
bral foramina.The meningeal 
membranes are continuous vvith 
the eonneetive tissues that 
surround the spinal nerves and 
their peripheral branehes. 


The dorsal root ganglion lies 
betvveen the pedieles of the 
adjaeent vertebrae. The spinal 
nerve passes through the 
intervertebral foramen. 
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This anterior view of the eervieal 
spinal eord shows the aetnal appear- 


anee of the meninges, snpporting 
ligaments, and the roots of the spinal nerves. 


Spinal eord 


Along the length of the spinal eord, paired 
dentìculate lìgaments extend from the 
pia mater through the araehnoid mater to 
the dura mater. Denticulate ligaments 
prevent lateral movement of the spinal 
eord.Together, the dural eonneetions at 
the foramen magnum and the eoeeygeal 
ligament at the sacrum prevent superior- 
inferior movement of the spinal eord. 


The blood vessels servieing the spinal 
eord run along the surface of the spinal 
pia mater, within the subarachnoid spaee. 



Anterior median fissure 


Pia mater 


Dorsal root 

Ventral root, formed by 
several"rootlets"from one 
eervieal segment 

Araehnoid mater (cut and 
refleeted baek) 


Dura mater (cut and refleeted baek) 


4 


This is an x-ray of the inferior 
Inmbar vertebrae. The vertebral 


eanal inferior to vertebra eontains the 
eanda equina bathed in the CSF of the 
subarachnoid spaee. 



5 


In adults, eerebrospinal fluid ean be safely withdrawn in 
a proeednre known as a lumbar puncture, or spinal 


tap. A needle is inserted into the snbaraehnoid spaee in the 
lumbar region inferior to the tip of the conus medullaris. 



Dura mater 
Epidural spaee 

Body of third 
lumbar vertebra 

lnterspinous 

ligament 

Lumbar puncture 
needle with tip in 
subarachnoid spaee 

Cauda equina in 

subarachnoid 

spaee 


Modyle 12.3 Revíew 


a. Identify and deseribe the three spinal meninges. 

b. VVhere is the eerebrospinal fluid that surrounds the 
spinal eord loeated? 

e. Name the structures and spinal eoverings that are 
penetrated during a lumbar puncture procedure. 


12.3 Deseribe the three meningeal layers that surround the spinal eord. 
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Module12.4 


r 


Gray matter integrates sensory and motor 
functìons, and vvhite matter earries information 



This mierograph shows the major landmarks in and aronnd the spinal eord. 
Gompare this eross seetion with the diagrammatie views in this modnle. 



Anterior 
median fissure 


Anterior gray 
commissure 


Dorsal root ganglion 
Ventral root 


Posterior Posterior gray 

median sulcus commissure 


Anterìor vìew of 
spìnal eord 


Gentral eanal 


Dura mater 


Araehnoid 
mater (broken) 


Pia mater 


Structural Organízatíon 
of Gray Matter 

The projeetions of gray matter 
toward the outer surface of the 
spinal eord are ealled horns. 


The posteríor gray horn 

eontains somatie and viseeral 
sensory nuclei. 


The lateral gray horn, loeated 
only in thoraeie and lumbar 
segments, eontains viseeral 
motor nuclei. 


The anterlor gray horn 

eontains somatie motor nuclei. 


2 


This diagrammatie view focuses on the organization 
of the gray matter of the spinal eord. 


A frontal seetion along the length of 
the eentral eanal (dashed line) of the 
spinal eord separates the sensory 
(posterior, or dorsal) nuclei from the 
motor (anterior, or ventral) nuclei. 


The gray commlssures {commissura, a joining 
together) are posterior and anterior to the 
eentral eanal.They eontain axons that eross 
from one side of the eord to the other before 
they reaeh a destination in the gray matter. 



Functlonal Organlzatlon 
of Gray Matter 


The eell bodies of neurons in 
the gray matter of the spinal 
eord are organized into 
functional groups ealled 

nuclel. 


Sensory nuclel reeeive and 
relay sensory information from 
peripheral reeeptors. 


Motor nuclel issue motor 
eommands to peripheral 
effeetors. 


Ventral root 
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Like the gray horns, the white matter is organized 


aeeording to the region of the body innervated. The 
white matter on eaeh side of the spinal eord ean be divided 
into three regions ealled columns. These eolnmns eontain 
traets. A traet is a bnndle of axons in the CNS that is 
relatively nniform with respeet to diameter, myelination, 
and propagation speed. All the axons within a traet relay the 
same type of information (sensory or motor) in the same 
direetion. Aseending traets earry sensory information 
toward the brain, and deseending traets eonvey motor 
eommands to the spinal eord. 


Organìzatìon of Traets ìn 
the Posteríor White Column 


The posterior white column 
eontains aseending traets 
providing sensations from 
the trunkand limbs. 


Structural and 
Functíonal Organízation 
ofWhite Matter 


The posterior white 
column lies between 
the posterior gray horns 
and the posterior 
median sulcus. 


The lateral white 
column includesthe 
white matter on either 
side of the spinal eord, 
between the anterior 
and posterior columns. 


The anterior white 
column lies between 
the anterior gray horns 
and the anterior median 
fissure. 



The anterior white commissure 

intereonneets the anterior white 
columns.This is where axons eross 
from one side of the spinal eord to 
the other. 


Trunk Shoulder 


Arm 


Forearm Hand 


In the eervieal enlargement, which eontains 
neurons involved with sensations and motor 
eontrol of the upper limbs, the motor nuclei of 
the anterior gray horn are grouped by region. 

The motor neurons eontrolling flexor muscles 
are medial to those eontrolling extensor muscles. 


The high degree of organization of the spinal eord 
is elinieally important. For example, damage to a 
speeifie area of gray matter allows elinieians to 
prediet which mnseles will be affeeted. Similarly, 
beeanse spinal traets have very speeifie fnnetions, 
damage to one prodnees a eharaeteristie loss of 
sensation or motor eontrol. 


Module 12.4 Revìew 


a. Differentiate between sensory nuclei and 
motor nuclei. 

b. A person with polio has lost the use of his 
leg muscles. In which area of his spinal eord 
would you expect the virus-infected motor 
neuronsto be? 

e. A disease that damages myelin sheaths 
would affeet which portion of the spinal 
eord? 


12.4 Explain the roles of white matter and gray matter in proeessing 
and relaying sensory information and motor eommands. 
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Module12.5 


Spinal nerves have a similar anatomieal 
structure and distribution pattern 



ConnectìveTìssue Layers of a Spinal Nerve 


Arteries and veins penetrate the epineurium and 
braneh vvithin the perineurium. Capillaries leaving 
the perineurium braneh in the endoneurium and 
supply the axons and Sehvvann eells of the nerve 
and the fibroblasts of the eonneetive tissues. 


The epíneurìum, or outermost eovering of 
the nerve, eonsists of a dense netvvork of 
eollagen fibers. 


The fibers of the perineuríum, the middle 
layer, extend invvard from the epineurium. 
These eonneetive tissue partitions divide the 
nerve into a series of eompartments that 
eontain bundles of axons ealled faseieles. 




Faseiele 


The endoneurium, the innermost layer, 
eonsists of delieate eonneetive tissues that 
extend from the perineurium and surround 
individual axons. 


Sehvvann eell 


Myelinated axon 


Every segment of the spinal eord is eonneeted to a pair of 
spinal nerves. Surrounding eaeh spinal nerve is a series of 
eonneetive tissue layers continuous with those of their assoeiated 
peripheral nerves. These layers, best seen in seetional view, are 
eomparable with those assoeiated with skeletal mnseles. 


I 


Eaeh spinal nerve divides to form 
rami (RÀ-mi; singnlar ramus, a 
braneh). Some of these rami earry viseeral 
motor fibers of the antonomie nervons 
system (ANS). Spinal nerves in the thoraeie 
and upper lumbar segments of the spinal 
eord earry the motor output of the 
sympathetie division that is responsible 
for the “fight or flight” response. 



Dorsal root 


Dorsal root 



Autonomic nerve 


Sympathetie 

ganglion 


The dorsal ramus 

innervates the muscles, 
joints, and skin of the baek. 


The ventral ramus 

innervates structures in the 
lateral and anterior trunk as 
well as the limbs. 


Communìcatíng ramì are 

present in the thoraeie and 
superior lumbar segments of 
the spinal eord.These rami 
eontain the axons of 
sympathetie neurons. 
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The speeifie bilateral region of the skin snrfaee monitored 
by a single pair of spinal nerves is known as a dermatome. 


Eaeh pair of spinal nerves snpplies its own dermatome, but the 
boundaries of adjaeent dermatomes overlap to some degree. 

Spinal nerve Ci typieally laeks a sensory braneh to the skin; 

when present, it innervates the sealp with and G^. The faee is 
monitored by the fifth pair of eranial nerves (N V). 


Anterìor 


Posterìor 



Spinal eord regions 


= Gervieal 
= Thoraeie 
= Lombar 
= Saeral 







4 


Dermatomes are elinieally important beeanse damage 


or infeetion of a spinal nerve or dorsal root ganglion 
prodnees a loss of sensation in the eorresponding region of 
the skin. Additionally, eharaeteristie signs may appear on the 
skin snpplied by that speeifie nerve. The skin ernptions 
shown here are eharaeteristie of shingles, a viral infeetion of 
dorsal root ganglia. Shingles (derived from the Latin cingu~ 
lum, girdle) is caused by the varieella-zoster virus (VZV), the 
same herpes virus that causes chickenpox. This herpes virus 
attaeks neurons within the dorsal roots of spinal nerves and 
sensory ganglia of eranial nerves. This disorder prodnees a 
painfnl rash and blisters whose distribntion eorresponds to 
that of the affeeted sensory nerve and its assoeiated derma- 
tome. Any person who has had chickenpox is at risk of 
developing shingles, beeanse the virus ean remain dormant 
within the anterior gray horns of the spinal eord. It is not 
known what triggers the reaetivation of the virus. In 2006, 
the U.S. Food and Drug Administration approved a VZV 
vaeeine (Zostavax) for use in people ages 60 and above who 
have had chickenpox. 



Modyle 12.5 Revíew 


a. Identify thethree layers ofeonneetive 
tissue of a spinal nerve, and identify the 
major peripheral branehes of a spinal 
nerve. 

b. Deseribe a dermatome. 

e. Explain thecauseofshingles. 


12.5 Deseribe the major eomponents of a spinal nerve. 
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Module12.6 

j 


Eaeh ramus of a spinal nerve provídes motor 
and sensory ínnervatíon to a speeífìe regìon 



This diagram illustrates how a spinal nerve distributes motor eommands that origi- 
nate in motor nuclei of the thoraeie or superior lumbar segments of the spinal eord. 



KEY 



= Somatie motor 
eommands 

= Viseeral motor 
eommands 


Postganglionie fibers 
to smooth muscles, 
glands of baek 


To skeletal 
muscles of 
baek 




The dorsal ramus eontains 
somatie motor and viseeral 
motor fibers that innervate the 
skin and skeletal muscles of the 
baek. 



The axons in the relatively large 
ventral ramus supply the 
ventrolateral bodysurface 
structures in the body 
the limbs. 


To skeletal muscles 
of body wall, limbs 


Postganglionie fibers to 
smooth muscles, glands 
of body wall and limbs 




The gray ramus communícans eontaíns 
postganglionie fibers that innervate glands 
and smooth muscles in the body wall or 
limbs.These fibers are unmyelinated and 
have a dark gray eolor. 


Thespinal nerve forms just 
lateral to the intervertebral 
foramen, where the dorsal 
and ventral roots unite. 


The ventral root of eaeh 
spinal nerve eontains the 
axons of somatie motor and 
viseeral motor neurons. 


Viseeral motor nuclei 


Somatie motor nuclei 


The whìte ramus communìcans ís the fírst 
braneh from the spinal nerve and earries 
viseeral motor fibers to a nearby sympathetie 
ganglion. Because these preganglionie axons 
are myelinated, this braneh has a light eolor. 


Postganglionie fibers 
to smooth muscles, 
glands, viseeral organs 
in thoraeie eavity 


A sympathetìe nerve 

eontains preganglionie and 
postganglionie fibers 
innervating structures in 
the thoraeie eavity. 


Together, the white and gray rami are known 
as the rami communícantes (RÀ-mí ko-mu- 
ni-KAN-tèz), or communicating branehes 
(singular, ramus communìcans). 




Preganglionie fibers 
to sympathetie 
ganglia innervating 
abdominopelvie 
viseera 
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This diagram illustrates how a spinal nerve eolleets sensory informa- 


tion from peripheral structures and delivers it to sensory nuclei in the 
thoraeie or snperior lumbar segments of the spinal eord. The dorsal, ventral, 
and white rami also eontain sensory fibers. Somatie sensory information 
arrives over the dorsal and ventral rami. Viseeral sensory information 
reaehes the dorsal root throngh the dorsal, ventral, and white rami. 



KEY 



= Somatie 
sensations 

= Viseeral 
sensations 


From interoeeptors 

From exteroceptors. 

of baek 

proprioeeptors of baek 




The ventral rannus earries 
sensory information from the 
ventrolateral bodysurface, 
structures in the body wall, and 
the limbs. 


From exteroceptors, 
proprioeeptors of 
body wall, limbs 


From interoeeptors 
of body wall, limbs 


The dorsal ramus earries sensory 
information from the skin and 
skeletal muscles of the baek. 



The dorsal root of 
eaeh spinal nerve 
earries sensory 
information to the 
spinal eord. 



Somatie 
sensory nuclei 

Viseeral 
sensory nuclei 


Start 



The sympathetie nerve 
earries sensory information 
from the viseeral organs. 


From interoeeptors 
of viseeral organs 


Module 12.6 Revìew 


a. Deseribe gray ramus and white ramus. 

b. indieate whetherthefollowing fibers make upthe white rami or 
gray rami: 

1 ) preganglionie fibers eonneeting a spinal nerve with a sympathetie 
ganglion in the thoraeie and lumbar region of the spinal eord 

2 ) postganglionie fibers eonneeting a sympathetie ganglion in the 
thoraeie or lumbar region with the spinal nerve 

e. VVhieh ramus innervates the skin and skeletal muscles of the baek? 


12.6 Deseribe the rami assoeiated with spinal nerves. 
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Module12.7 




Spinal nerves form nerve plexuses that innervate 

the skin and skeletal muscles; the eervieal plexus 
is the smallest of these nerve plexuses 

During development, small skeletal muscles inner- 
vated by different ventral rami typieally fuse to form 
larger muscles with compound origins. The anatomi- 
eal distinetions between the eomponent mnseles may 
disappear, but separate ventral rami eontinne to 
provide sensory innervation and motor eontrol 
to eaeh part of the eomponnd muscle. 

As they eonverge, the ventral rami of 
adjaeent spinal nerves blend their 
fibers, prodneing a series of 
eomponnd nerve trunks. This 
complex interwoven network of 


Gervieal 

plexus 


nerves is ealled a nerve plexus 
(PLEK-sus; plexuSj braid). 


Braehial 

plexus 


Ci 

C2 

C3 

C 4 

C5 

C6 

^7 

C8 

Ti 

T2 

Ts 

T4 

Ts 

Te 

T7 


T 


8 


T 


T 


10 


Tii 


Lumbar 

plexus 


Saeral 

plexus 


T 


12 


Li 


L 


L3 

L4 

Ls 

51 

5 2 

53 

54 
Ss 

Coi 



The ventral rami form four major 
plexuses: (1) the eervieal plexus, (2) the 
braehial plexus, (3) the lumbar plexus, and (4) 
the saeral plexus. In this illnstration, the spinal 
nerves are on the left, and the major peripheral 
nerves are on the right. 


Lesser oeeipital nerve 
Great auricular nerve 
Transverse eervieal nerve 

Supraclavicular nerve 



Axillary nerve 


l\/lusculocutaneous 

nerve 


Thoraeie nerves 


Radial nerve 


Dlnar nerve 


Median nerve 


lliohypogastrie 


nerve 


Obturator nerve 


Superior gluteal nerve 
Inferior gluteal nerve 


Pudendal nerve 

Saphenous nerve 
Seiatie nerve 
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The eervieal plexus eonsists of the ventral rami of spinal nerves The branehes 

of the eervieal plexus innervate the mnseles of the neek and extend into the thoraeie 


eavity, where they eontrol the diaphragm, a key muscle of breathing. The phrenie nerve, 
the major nerve of the eervieal plexus, provides the entire nerve supply to the diaphragm. 
Other branehes of this nerve plexus are distributed 
to the skin of the neek and the snperior 
part of the ehest. 


eranìal Nerves 


Aeeessory 
nerve (XI) 

Hypoglossal 
nerve (XII) 


Lesser oeeipital 


nerve 


Nerve Roots of 
eervìeal Plexus 


Ci 


C2 


C3 


C4 


C5 


Supraclavicular 


nerves 


eiaviele 



Great auricular nerve 


Geniohyoid nnuscle 
Transverse eervieal nerve 

Thyrohyoid muscle 
Ansa eerviealis 

Omohyoid muscle 
Phrenie nerve 

Sternohyoid muscle 
Sternothyroid muscle 


The Gervíeal Plexus 


Nerve 

Spinal Segments 

Distribution 

Ansa eervíealís (superíor 
and inferìor branehes) 

Cl-C4 

Five of the extrinsic laryngeal muscles: 
sternothyroid, sternohyoid, omohyoid, 
geniohyoid, and thyrohyoid muscles (by 
eranial nerve XII) 

Lesser oeeípítal, transverse 
eervíeal, supraclavícular, 
and great aurícular nerves 

C2-C3 

Skin of upper ehest, shoulder, neek, 
and ear 

Phrenie nerve 


Diaphragm 

Gervieal nerves 

Ci-C5 

Levator scapulae, sealene, 
sternoeleidomastoid, and trapezius 
muscles (with eranial nerve XI) 


Module 12.7 Revievv 


a. Define nerve plexus, and list the major 
nerve plexuses. 

b. VVhen an anesthetie bloeks the 
function of the dorsal rami of the 
eervieal spinal nerves, which areas of 
the body will be affeeted? 

e. Injury to which of the nerve plexuses 
would interfere with the ability to 
breathe? 


12.7 Relate the distribution pattern of spinal nerves to the 
region they innervate, and deseribe the eervieal plexus. 
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Module12.8 


The braehìal plexus innervates the 
peetoral gírdle and upper límbs 


The braehial plexus innervates the peetoral 
girdle and upper limbs, with contributions 
from the ventral rami of spinal nerves 



Spìnal Nerves Formìng 


Braehíal Plexus 


Trunks of 
Braehíal Plexus 


Dorsal scapular nerve 
Suprascapular nerve 



Radial nerve 


Lateral antebraehial 



2 


The nerves that form the braehial plexus 
originate from trunks and eords. Trunks 


are large bnndles of axons eontribnted by 
several spinal nerves. Gords are smaller 
branehes that originate at trunks. 


Dorsal scapular 


nerve 


Deep radial nerve 


Superior trunk 


Dlnar nerve 


Median nerve 


Suprascapular nerve 


Lateral eord 


Posterior eord 
Lateral peetoral nerve 


Palmar digital 


nerves 


Axillary nerve 
Medial eord 

Musculocutaneous 

nerve 

Medial antebraehial 
cutaneous nerve 

Median nerve 


Posterior braehial 
cutaneous nerve 



e 


5 


e 


6 


e 


7 


e 


8 


Medial peetoral nerve 
Subscapular nerves 


T 


1 


Radial nerve 



= Roots (ventral ranni) 
= Trunks 
= Divisions 
= Cords 

= Peripheral nerves 
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The distribution of the cutaneous nerves 
of the wrist and hand is very important in 


elinieal medieine. Nerve damage or injury in 
this region ean be preeisely loealized by 
earefnlly testing the sensory fnnetion of the 
hand. 


Anterior 



Radial 

nerve 

Dlnar 

nerve 


Median 

nerve 


Posterior 



The Braehìal Plexus 

Nerve 

Spínal Segments 

Distribution 

Nerve to subclavìus 

C4-C6 

Subclavius muscle 

Dorsal scapular nerve 

C5 

Rhomboid and levator scapulae muscles 

Long thoraeìe nerve 

C5-C7 

Serratus anterior muscle 

Suprascapular nerve 

C5-C6 

Supraspinatus and infraspinatus muscles; sensory from shoulder joint and scapula 

Peetoral nerves 
(medíal and lateral) 

C5-Ti 

Peetoralis muscles 

Subscapular nerves 

C5-C6 

Subscapularis and teres major muscles 

Thoraeodorsal nerve 

C6-C8 

Latissimus dorsi muscle 

Axillary nerve 

C5-C6 

Deltoid and teres minor muscles; sensory from the skin of the shoulder 

Medìal antebraehìal 
cutaneous nerve 

C8 -Ti 

Sensory from skin over anterior, medial surface of arm and forearm 

Radìal nerve 

C5-Ti 

Many extensor muscles on the arm and forearm (trieeps braehii, anconeus, extensor earpi 
radialis, extensor earpi ulnaris, and braehioradialis muscles); supinator muscle, digital 
extensor muscles, and abductor pollieis muscle by the deep braneh; sensory from skin 
overthe posterolateral surface ofthe limbthrough the posterior braehial cutaneous nerve 
(arm), posterior antebraehial cutaneous nerve (forearm), and the superfìcial braneh (radial 
half of hand) 

l\/lusculocutaneous nerve 

C5-Ti 

Flexor muscles on the arm (bieeps braehii, braehialis, and eoraeobraehialis muscles); 
sensory from skin over lateral surface of the forearm through the lateral antebraehial 
cutaneous nerve 

Medìan nerve 

C6 -Ti 

Flexor muscles on the forearm (flexor earpi radialis and palmaris longus muscles); pronator 
quadratus and pronator teres muscles; digital flexors (through the anterior interosseous 
nerve); sensory from skin over anterolateral surface ofthe hand 

Ulnar nerve 

C8 ,Ti 

Flexor earpi ulnaris muscle, flexor digitorum profundus muscle, adductor pollieis muscle. 


and small digital muscles by the deep braneh; sensory from skin over medial surface of 
the hand through the superfìcial braneh 


Module 12.8 Revìew 


a. Deseribe the braehial plexus. 

b. Name the major nerves assoeiated with 
the braehial plexus. 

e. Define a nerve plexus trunk and eord. 


12.8 Relate the distribution pattern of the braehial plexus to its function. 
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Module12.9 

j 


The lumbar and saeral plexuses 
ìnnervate the skin and skeletal 
muscles of the trunk and lovver lìmbs 

The lumbar plexus and the saeral plexus 
arise from the Inmbar and saeral segments 
of the spinal eord, respeetively. The nerves 
arising at these plexuses innervate the 
pelvie girdle and lower limbs. 


2 


This posterior view of 
the lower limb shows the 



These illustrations show the origins 
of the spinal nerves of the lumbar and 
saeral plexuses. Notiee that the inmbosaeral 
trunk provides some nerve input from the 
L 4 spinal nerve to the saeral plexus. 


Nerves of the 
Lumbar Plexus 


lliohypogastrie 


llioinguinal 


Genitofemoral 

Lateral femoral 
cutaneous 


Femoral 

Obturator 


Spinal Nerves 
Formíng the 
Lumbar Plexus 



Ti 2 nerve 


Li nerve 


L 2 nerve 


L 3 nerve 


L 4 nerve 


) 


distribntion of the nerves of the 
saeral plexus. The seiatie nerve 
is the largest and longest nerve 
in the body. 

Superior gluteal nerve 




!re?5f 


+ * 


Inferior gluteal nerve 

Pudendal nerve 

Posterior femoral 
cutaneous nerve 


Seiatie nerve 


Tibial nerve 

Gommon fibular 
nerve 


Lumbosacral trunk 


Lumbar plexus, anteríor víew 


Sural nerve 


Lumbosacral trunk 


Nerves of the 
Saeral Plexus 


Superior gluteal 
Inferior gluteal 


Seiatie 

Posterior femoral 

cutaneous 

Pudendal 




Spínal Nerves 
Formíng the 
Saeral Plexus 



3 


These illnstrations show the dermatomes of the 
sensory nerves innervating the ankle and foot. 


Saeral plexus, anteríor víew 



Saphenous 

nerve 


Sural 

nerve 


Fibular 

nerve 



Sural nerve 


Saphenous 

nerve 

Tibial nerve 



Fibular nerve 
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The Lumbar and Saeral Plexuses 


4 


In this anterior view of the lower 
trnnk and lower limb, you ean 


see the distribution of the nerves of 
both the lumbar and saeral plexuses. 



lliohypogastrie nerve 
llioinguinal nerve 

Genitofemoral nerve 

Lateral femoral 
cutaneous nerve 

Femoral nerve 

Obturator nerve 
Superior gluteal nerve 

Inferior gluteal nerve 

Pudendal nerve 

Posterior femoral 
cutaneous nerve (cut) 

Seiatie nerve 


Saphenous nerve 


Gommon fibular 
nerve 


Superficial fibular 
nerve 

Deepfibular 

nerve 


Nerve 

Spínal Segment(s) 

Dístríbutìon 

Lumbar Plexus 

llíohypogastrìe 

nerve 

Ti2/ Li 

Abdominal muscles (external and internal oblique 
muscles, transversus abdominis muscle); skin over 
inferior abdomen and buttocks 

llíoínguínal nerve 

Li 

Abdominal muscles (with iliohypogastrie nerve); skin 
over superior, medial thigh and portions of external 
genitalia 

Genítofemoral 

nerve 

Li, L2 

Skin over anteromedial surface of thigh and portions 
of external genitalia 

Lateral femoral 
cutaneous nerve 

•- 2 / 1-3 

Skin over anterior, lateral, and posterior surfaces of 
thigh 

Femoral nerve 

L2-L4 

Anterior muscles of thigh (sartorius muscle and 
quadriceps group); flexors and adductors of 
hip (pectineus and iliopsoas muscles); skin over 
anteromedial surface of thigh, medial surface of leg 
and foot 

Obturator nerve 

L2-L4 

Adductors of hip (adductors magnus, brevis, and 
longus muscles); graeilis muscle; skin over medial 
surface of thigh 

Saphenous nerve 

L2-L4 

Skin over medial surface of leg 

Saeral Plexus 

Gluteal nerves 

L4-S2 


Superior 


Abductors of hip (gluteus minimus, gluteus medius, 
and tensor faseiae latae muscles) 

Inferior 


Extensor of hip (gluteus maximus muscle) 

Posteríor femoral 
cutaneous nerve 

S1-S3 

Skin of perineum and posterior surfaces of thigh and 
leg 

Seíatíe nerve 

L4-S3 

Two of the hamstrings (semimembranosus and 
semitendinosus muscles); adductor magnus muscle 
(with obturator nerve) 

Tibial nerve 


Flexors of knee and extensors (plantar flexors) of 
ankle (popliteus, gastrocnemius, soleus, and tibialis 
posterior muscles, and the long head of the bieeps 
femoris muscle); flexors of toes; skin over posterior 
surface of leg, plantar surface of foot 

Fibular nerve 


Bieeps femoris muscle (short head); fìbularis muscles 
(brevis and longus) and tibialis anterior muscle; 
extensors of toes; skin over anterior surface of leg and 
dorsal surface of foot; skin over lateral portion of foot 
(through the sural nerve) 

Pndendal nerve 

S2-S4 

l\/luscles of perineum, including urogenital diaphragm 
and external anal and urethral sphineter muscles; 
skin of external genitalia and related skeletal muscles 
(bulbospongiosus and ischiocavernosus muscles) 


Modyle 12.9 Revíew 


a. Deseribe the lumbar plexus and saeral plexus. 

b. List the major nerves of the saeral plexus. 

e. Gompression of which nerve produces the 

sensation that your lower limb has"fallen asleep"? 


12.9 Relate the distribution patterns of the lumbar 
plexus and saeral plexus to their functions. 
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Labelíng 

Label eaeh of the structures in the follovving eross-seetional diagram of the spinal eord. 



Label the vievvs (15,19) and the nerves that innervate the indieated regions of the hands (16-18). 



Voeabnlary 

VVrite the term for eaeh of the follovving deseriptions in the spaee provided. 


20 


21 


22 


23 


24 


25 


26 


27 


28 


The regions of vvhite matter in the spinal eord 

The tapered, eonieal portion of the spinal eord inferior to the lumbar enlargement 

Bundles of axons in the PNS plus their assoeiated blood vessels and eonneetive tissues 

Speeialized membranes that provide stability and support for the spinal eord and brain 

The complex made up of the filum terminale and the long dorsal and ventral spinal nerve 
roots inferior to the spinal eord 

The plexus from vvhieh the radial, median, and ulnar nerves originate 
The outermost eovering of the spinal eord 

The eonneetive tissue partition that separates adjaeent bundles of nerve fibers in a spinal 
nerve or a peripheral nerve 

A bundle of unmyelinated, postganglionie fibers that innervates glands and smooth 
muscles in the body vvall or limbs 


20 

21 

22 

23 

24 

25 

26 

27 

28 
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Module 12.10 


SECTION 2 • liitroductìon to Reflexes 



CNS neurons are grouped into neuronal 
pools, whìch form neural cìrcuits 


Your body has about 10 million sensory neurons, one-half million 
motor neurons, and 20 billion interneurons. The interneurons of 
the CNS are organized into a much smaller number of neuronal 
pools —functional groups of intereonneeted neurons. A neuronal 
pool may involve neurons in several regions of the brain, or the 
neurons may be in one speeifie loeation in the brain or spinal eord. 
Estimates of the number of neuronal pools range between a few 
hundred and a few thousand. The pattern of interaetion among 
neurons provides clues to the function of a neuronal pool. We refer 
to the 'Viring diagram” as a neural circuit, like eleetrieal circuits in 
the wiring of a house. Here are a few eommon circuit patterns. 


Dìvergenee 

Dìvergenee is the spread of information from 
one neuron to several neurons, orfrom one 
pool to multiple pools. Divergenee permits 
the broad distribution of a speeifie input. 
Gonsiderable divergenee occurs when sensory 
neurons bring information into the CNS:The 
information is distributed to neuronal pools 
throughout the spinal eord and brain. 



Parallel Proeessíng 


Parallel proeessìng occurs when several 
neurons or neuronal pools proeess the same 
information simultaneously. Divergenee 
must take plaee before parallel proeessing 
ean occur. As a result, many responses ean 
occur simultaneously. 



Seríal Proeessing 

In seríal proeessíng, information is relayed in a 
stepwise fashion, from one neuron to another or 
from one neuronal pool to the next.This pattern 
occurs as sensory information is relayed from one 
part of the brain to another. 



The most complex neural proeessing occurs in 

the brain. The simplest eirenits, which occur 

within the PNS and the spinal eord, eontrol the 

antomatie responses of reflexes. Reflexes are a bit like LEGO® 

brieks: Individnally, they are quite simple, but they ean be 

eombined in a great variety of ways to ereate very complex 


motor responses. 


Gonvergenee 



In eonvergenee, 

several neurons 
synapse on a single 
postsynaptie 
neuron. Several 
patterns of aetivity 
in the presynaptie 
neurons ean 
therefore have the 
same effeet on the 
postsynaptie neuron. 

Through eonvergenee, the 
same motor neurons ean be 
subject to both conscious 

and subconscious eontrol. For example, the movements of 
your diaphragm and ribs are now being eontrolled by your 
brain at the subconscious level. But you ean also 
consciously eontrol the same motor neurons, as when you 
take a deep breath and hold it. 


Reverberatíon 

In reverberatìon, eollateral 
branehes of axons somewhere 
along the circuit extend baek 
toward the source of an 
impulse and further stimulate 
the presynaptie neurons. 
Reverberation is like a positive 
feedbaek loop involving 
neurons: Onee a reverberating 
circuit has been aetivated, it 
will continue to function until 
synaptie fatigue or inhibitory 
stimuli break the eyele. 




Module 12.10 Revìew 


a. Differentiate between divergent and eonvergent 
neural circuits. 

b. VVhieh kind of neural circuit proeesses information in a 
stepwise fashion, one neuron to another? 

e. VVhere does the most complex neural proeessing occur? 


12.10 Discuss the signifieanee of neuronal pools, and deseribe their major patterns of neuron interaetion. 
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Module 12.11 




Reflexes are vìtal to homeostasís 

Reflexes are rapid, automatic responses to speeifie stimuli. Reflexes 
preserve homeostasis by making rapid adjnstments in the fnnetion of 
organs or organ systems. The response shows little variability: Eaeh time a 
partienlar reflex is aetivated, it usually produces the same motor response. 
In a reflex, sensory fibers deliver information from peripheral reeeptors to 


an integration eenter in the CNS, and 
motor fibers earry motor eom- 
mands to peripheral effeetors. 


STEP1 
A Stìnriulus 


Aetìvates a Reeeptor 

A reeeptor is either a 
speeialized eell or the 
dendrites of a sensory neuron. 
Reeeptors are sensitive to physieal 
or ehemieal ehanges in the body 
orto ehanges in the external 
environment. In this example, 
leaning on a taek stimulates 
pain reeeptors in the hand. 

These reeeptors respond to 
stimuli that cause or 
aeeompany tissue damage. 




STEP2 

Aetìvatìon of a Sensory Neuron 

The stimulation of dendrites produces 
a graded polarization that leads to 
theformation and propagation of 
aetion potentials along the axons 
of the sensory neurons.This 
information reaehesthe 
spinal eord by way of a 
dorsal root. 




STEP3 

Informatìon 


Stimulus 



Dorsal root 
ganglion 


Proeessìng ín the CNS 

Information proeessing 
begins when the sensory 
neuron releases excitatory 
neurotransmitters at the postsyn- 
aptie membrane of the interneuron. 


To higher eenters 
in the brain 


I \ 


/ Reeeptor 



Effeetor 



The neurotransmitter 
produces an excitatory 
postsynaptie potential 
(EPSP), which is 
integrated with other 
stimuli arriving at the 
postsynaptie eell at that 

moment. 


STEP5 

Response of a 
Perípheral Effeetor 

The release of neurotrans- 
mitters at axon terminals 
then leads to a response by a 
peripheral effeetor—in this ease, a 
skeletal muscle whose eontraetion 
pulls your hand away from the taek. A 
reflex response generally removes or 
opposes the original stimulus. In this ease, 
the eontraeting muscle pulls your hand 
away from a painful stimulus.This reflex 



STEP4 

Aetívatíon of a 
Motor Neuron 

If the information 
proeessing leads to aetiva- 
tion of the interneuron, motor 
neurons are stimulated and earry 
aetion potentials into the periphery. At 
the same time, eollaterals from the 
interneuron may relay the pain 
sensations to other eenters in 
the spinal eord and brain. 




The “wiring” or route of a 
single reflex is ealled a reflex are. 


are is therefore an example of 

negative feedbaek. 


KEY 


A reflex are begins at a reeeptor and ends at a 
peripheral effeetor, such as a muscle fiber or a gland eell. There 
may or may not be intervening internenrons. This figure shows the 
steps in a simple neural reflex. 


Sensory neuron 
(stimylated) 

Excitatory 

interneuron 

Motor neuron 
(stimulated) 
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Reflex eiassifkations 


Development 


Innate reflexes result from the eonneetions that 
form betvveen neurons during development and are 
genetieally or developmentally programmed. Such 
reflexes generally appear in a predietable sequence, 
from the simplest reflex responses (vvithdravval from 
pain) to more complex motor patterns (ehevving, 
suckling, or traeking objeets vvith the eyes). 


Acquíred reflexes, or eonditioned 
reflexes, are rapid and automatic, but 
they vvere learned ratherthan preestab- 
lished. Such reflexes are enhaneed by 
repetition. 


The Nature of the Response 


Somatìe reflexes provide for the involuntary 
eontrol of skeletal muscles. (The vvithdravval reflex 
at left is one example.) Somatie reflexes are 
essential because they are immediate. Somatie 
reflexes provide a rapid response that ean later be 
supplemented by voluntary motor eommands. 


Vìseeral reflexes, or autonomic reflexes, 
eontrol or adjust the aetivities of smooth 
muscle, eardiae muscle, glands, and 
adipose tissues. 


The Complexíty of the Cìrcuìt 


Polysynaptìe reflexes involve at least one interneu- 
ron in addition to a sensory neuron and a motor 
neuron.These reflexes have a longer delay betvveen 
stimulus and response, vvith the length of the delay 
proportional to the number of synapses. Polysynap- 
tie reflexes ean produce far more eomplieated 
responses than monosynaptie reflexes, because the 
interneurons ean eontrol motor neurons that 
aetivate several muscle groups simultaneously. 


A monosynaptìe reflex is the simplest 
reflex are, involving only one synapse in 
the GNS.The sensory neuron synapses 
direetly on a motor neuron, vvhieh serves 
as the proeessing eenter. Transmission 
aeross a ehemieal synapse alvvays 
involves a synaptie delay, but vvith only 
one synapse, the delay betvveen the 
stimulus and the response is minimized. 



In spìnal reflexes, the important intereonneetions 
and proeessing events occur in nuclei of the spinal 
eord. In a simple segmental reflex, all of the 
proeessing occurs in a single spinal segment. 
Intersegmental reflexes involve multiple 
segments of the spinal eord, and they ean produce 
very complex and eoordinated responses. 


In eranìal reflexes, the important 
intereonneetions and proeessing events 
occur in nuclei of the brain. 


Moelyle 12.11 Revìew 


2 


Neural reflexes ean be elassified aeeording to 

(1) their development, (2) the nature of the resulting 


motor response, (3) the complexity of the neural circuit 
involved, or (4) the site of information proeessing. 
These eategories are not mutually exclusive. They 
represent different ways of deseribing a single reflex. 


a. Listtheeomponentsofa reflexarc. 

b. VVhat are eommon eharaeteristies of 
reflexes? 

e. Deseribe the various elassifieations of 
neural reflexes. 


12.11 Deseribe the steps in a reflex. 
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Module 12.12 


r 


The streteh reflex ìs a monosynaptìe 
reflex ìnvolvìng muscle spindles 


Watch 



The best'known monosynaptie 
reflex is the streteh reflex, or 
myotatie reílex. It antomatieally 
regnlates skeletal mnsele 
length. The patellar reflex 
shown here is a well- 
known example. 


MasteringA&P 








7M 


X 


The Streteh Reflex 




STEP1 

A Stìimulus Aetìvates 
a Reeeptor 

When a physieian taps your 
patellar tendon with a reflex 
hammer, reeeptors in the 
quadriceps muscle are 
stretehed. 



STEP2 

Aetìvatìon of a Sensory Neuron 

The distortion of the reeeptors in 
turn stimulates sensory neurons 
that extend into the spinal 
eord and synapse on motor 
neurons that eontrol the 
motor units in the 
stretehed muscle. 


Streteh 





Dorsal root 
ganglion 


Gontraetion 




STEP3 
Informatìon 
Proeessíng ín the CNS 

In the ease of a monosyn- 
aptie reflex, the information 
proeessing occurs at the eell 

body of the motor 
neuron. In this 
example, the 
stimulation is 
sufficient to 
aetivate the 
motor neuron. 


Reeeptor 
(muscle spindle) 


Effeetor 


STEP4 

Aetìvatíon of a Motor Neuron 

Onee the motor neuron is aetivated, an 
aetion potential is propagated to the 
effeetor. 


Response 


Response of a 
Perípheral Effeetor 

The stimulation of 
skeletal musclefibers 
leads to a eontraetion of the 
stretehed muscle that 
extends the knee in a brief kiek. 



Summary:The stimulus (inereasing muscle length) 
aetivates a sensory neuron, which triggers an immediate 
motor response (eontraetion of the stretehed muscle) 
that counteracts the stimulus.The entire reflex is 
eompleted within 20-40 msee because the aetion 
potentials traveling toward and away from the spinal eord 
are conducted along large-diameter myelinated fibers. 


KEY 


Sensory neuron 
(stimylated) 

Motor neuron 
(stimulated) 
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The sensory reeeptors involved 


muscle 

spindles. Eaeh mnsele spindle eonsists 
of a bnndle of small, speeialized skeletal 
mnsele fibers ealled íntrafusal muscle 
fibers. The mnsele spindle is 
snrronnded by larger skeletal mnsele 
fibers responsible for resting mnsele 
tone and, at greater levels of stimnla- 
tion, for the eontraetion of the entire 
mnsele. Both sensory and motor 
nenrons innervate eaeh 
intrafnsal fiber. 


Skeletal muscle 

fibers 


lntrafusal fibers 



l\/luscle 


spi 


Axon of gamma motor 
neuron in CNS 


The sensory neuron is 
alvvays aetive, conducting 
impulses to the CNS. Its axon 
enters the CNS in a dorsal 
root and synapses on motor 
neurons in the anterior gray 
horn of the spinal eord. 


The dendrites of the sensory 
neuron spiral around the 
intrafusal fibers in a eentral 
sensory region. 


Eaeh muscle spindle is innervated by gamma 
motor neurons that eontrol its sensitivity by 
altering tension in the intrafusal fibers. In this 
vvay the CNS ean inerease or deerease muscle 
tone vvhen movements are under vvay. 


Stretehing the eentral 
portion of the intra- 
fnsal fiber distorts the 
dendrites and stimnlates the 
sensory nenron. This in turn 
stimulates the motor 
neurons, inereasing muscle 
tone. Gompressing the 
eentral portion inhibits the 
sensory neuron, which 
rednees stimnlation of the 
motor nenrons, and muscle 
tone deereases. 



Sensory 

Regíon 



Aetion Potential 
Frequency in 
Sensory Neuron 


Effeet on 

Skeletal 

Mosele 




Normal 

muscle 

tone 

persists 


Resting 

length 



JUAAKJ\AMJ\M- 


Muscle 

tone 

inereases 


Stretehed 



Muscle 

tone 

deereases 


eompressed 


Many streteh reflexes are postural 
reflexes —reflexes that help us maintain a 
normal upright posture. Standing, for 
example, requires eooperation among 
many muscle groups. Some of these 
muscles work in opposition to one 
another, exerting forees that keep the 
body's weight balaneed over the feet. If 
your body leans forward, streteh reeeptors 
in your ealf muscles are stimulated. Those 
muscles then respond by inereasing 
muscle tone, retnrning your body to an 
npright position. Postnral mnseles gener- 
ally have a firm muscle tone and extremely 
sensitive streteh reeeptors. As a result, 
very fine adjnstments are eontinnally being 
made, and you are not aware of the eyeles 
of eontraetion and relaxation that occur. 


Modyle 12.12 Revìew 


a. Definestreteh reflex. 

b. In the patellar reflex, identifythe response 
observed and the effeetors involved. 

e. In the patellar reflex, in what way does stim- 
ulation of the muscle spindle by gamma 
motor neurons affeet the speed of the reflex? 


12.12 Deseribe the steps in the streteh reflex. 
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r 


Wíthdrawal reflexes and erossed extensor 
reflexes are polysynaptìe reflexes 

Withdrawal Reflexes 

Withdrawal reflexes move affeeted parts of the body away from a 
stimulus. The strongest withdrawal reflexes are triggered by painful 
stimuli, but these reflexes are sometimes initiated by the stimnlation 
of touch reeeptors or pressure reeeptors. The flexor reflex, a 
representative withdrawal reflex, affeets the mnseles of a limb. 



If you aeeidentally grab a hot pan on the stove, a 
dramatie flexor reflex will occur. When the pain 
reeeptors in your hand are stimnlated, the sensory nenrons 
aetivate internenrons in the spinal eord that stimnlate motor 
nenrons in the anterior gray horns. The result is a eontraetion 
of flexor mnseles that yanks your hand away from the stove. 


Dorsal root 
ganglion 


Distribution vvithin gray horns 
to other segments of the 

spinal eord 



Extensors 

inhibited 


When a speeifie muscle eontraets, 
opposing muscles must relax to permit 
the movement.This is ealled reeìproeal 
ìnhìbìtìon. The term "reeiproeal" refers 
to the faet that the system vvorks both 
vvays. When the flexors eontraet, the 
extensors relax; vvhen the extensors 
eontraet, the flexors relax. 


Withdrawal reflexes show tremendons versatility, beeanse the sensory 
nenrons aetivate many pools of internenrons. The distribntion of the effeets 
and the strength and eharaeter of the motor responses depend on the 
intensity and loeation of the stimulus. Mild diseomfort might provoke a brief 
eontraetion in mnseles of your hand and wrist. More powerful stimnli would 
prodnee eoordinated muscular eontraetions affeeting the positions of your 
hand, wrist, forearm, and arm. Severe pain would also stimulate eontraetions 
of your shonlder, trunk, and arm mnseles. These eontraetions could persist 
for several seeonds, due to the aetivation of reverberating circuits. 


KEY 

Sensory neuron 
(stimylated) 

I Excitatory 

interneuron 

Motor neuron 
(stimulated) 

---- Motorneuron 

(inhibited) 

---- Inhibitory 

interneuron 
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erossed Extensor Reflexes 


The streteh reíìexes and withdrawal reíìexes involve ipsilateral reflex ares 
{ipsij same + lateraU side): The sensory stimnlns and the motor response 
oeenr on the same side of the body. The erossed extensor reflex 
involves a eontralateral reflex are {eontraj opposite), beeanse an 
additional motor response oeenrs on the side opposite the stimnlns. 


To motor neurons 
in other segments 
of the spinal eord 


2 


When you step on a taek, the flexor reflex pulls the 
affeeted foot away from the ground as excitatory 


internenrons stimnlate the flexor mnseles of that limb 
and inhibitory internenrons relax the extensor mnseles 
that would otherwise oppose that movement. The 
erossed extensor reflex occurs simultaneously because 
eollaterals of the excitatory and inhibitory internenrons 
eross to the other side of the spinal eord to motor 
nenrons eontrolling mnseles in the uninjured leg. The 
excitatory interneurons stimnlate motor nenrons 
eontrolling extensor mnseles while the inhibitory 
internenrons relax the flexor mnseles. As a result, your 
opposite leg straightens to snpport the shifting weight. 


3 


Polysynaptie reflexes are responsible for the 


antomatie aetions involved in complex 
movements such as walking and rnnning. All poly- 
synaptie reflexes share the basie eharaeteristies 
snmmarized in this table. 


Flexors 


stimulated 


] 




4 



Painful 

stimulus 


/ 1 Extensors ^ 

y\ 


inhibited 




Extensors 

stimulated 

Flexors 

inhibited 



Properties of Polysynaptie Reflexes 


• They Involve Pools of lnterneurons. Proeessing takes plaee in pools 
of interneurons before motor neurons are aetivated.The result may be 
excitation or inhibition. 

• They Are Intersegmental ìn Dìstríbutìon.The interneuron pools 
extend aeross spinal segments and may aetivate muscle groups in 
many parts of the body. 

• They Involve Reeìproeal Inhíbìtìon. Reeiproeal inhibition eoordi- 
nates muscular eontraetions and reduces resistanee to movement. 

• They Have Reverberatìng Cìrcuìts, Whìch Prolong the Reflexìve 
Motor Response. Positive feedbaek between interneurons that 
innervate motor neurons and the proeessing pool maintains the 
stimulation even after the initial stimulus has faded. 

• Several Reflexes May Gooperate to Prodoee a Goordìnated, 
Gontrolled Response. As a reflex movement gets under way, antago- 
nistie reflexes are inhibited. In complex polysynaptie reflexes, 
eommands may be distributed along the length of the spinal eord, 
producing a well-coordinated response. 


Modole 12.13 Revìew 


a. Identify the basie eharaeteristies of 
polysynaptie reflexes. 

b. Deseribe the flexor reflex. 

e. During a withdrawal reflex of the foot, 
what happens to the limb on the side 
opposite the stimulus? What is this 
response ealled? 


12.13 Explain withdrawal reflexes and erossed extensor 
reflexes and the responses produced by eaeh. 
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Module 12.14 


CLINICAL MODULE 


+ 


r 


The brain ean ìnhibit or faeilitate spinal reflexes, 
and reflexes ean be used to determine the 
loeation and severity of damage to the CNS 

Aetivities in the brain ean have a profonnd eífeet on the performanee of a reflex by 
faeilitating or inhibiting the motor nenrons or internenrons involved. The faeilitation of 
motor nenrons involved in reflexes is ealled reinforeement. For example, a method used 
to overemphasize the patellar reflex is the Jendrassik maneuver. To do this, the person 
hooks the hands together by interloeking the fingers and then tries to pull the hands 
apart while a light tap is applied to the patella. This reinforeement prodnees a big kiek 
rather than a twitch. This distraetive technique still produces a larger reflex response 
even if the person realizes it is just a distraetion. 

The bieeps reflex, trieeps reflex, and ankle-jerk reflex are 
streteh reflexes often tested during a physieal exam. Eaeh 
reflex is eontrolled by speeifie segments of the spinal eord. As a 
result, testing these reflexes provides information about the status of 
the eorresponding spinal segments. The table on the right presents 
information on several reflexes eommonly used in physieal exams. 




Bíeeps reflex 




Ankle-jerk reflex 


Deseending fibers may also have an inhibitory effeet on 
spinal reflexes. Stroking an infant s foot on the lateral side 
of the sole produces an extension of the hallux and a fanning 
out of the other toes known as the Babínskí sign, or positive 
Babinski reflex. This response disappears as deseending motor 
pathways develop, because those pathways inhibit this reflex 
response. 



Babínskí sígn 




In normal adults, stroking the lateral side of the sole 
prodnees a curling of the toes (plantar flexion), ealled 
a plantar reflex (or negative Babinski reflex). If either the 
higher eenters or the deseending traets are damaged, the 
Babinski sign will reappear in an adult. As a result, this 
reflex is often tested if CNS injury is suspected. 



Plantar reflex 
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Reflexes Used ín DiagnostíeTesting 


Ref1ex 

Stimulus 

Afferent Nerve(s) 

Spìnal Segment 

Efferent Nerve(s) 

Normal Response 

Superficial Ref1exes 

Abdomínal reflex 

Light stroking of skin 
of abdomen 

T 7 -T -12 depending on 
region stroked 

Ty-T-i^ at level of 
arrival 

Same as afferent 

Gontraetions of 
abdominal muscles 
that pull navel 
toward the stimulus 

eremasterk ref1ex 

Stroking of skin of 
upper thigh 

Femoral nerve 

Li 

Genitofemoral nerve 

Gontraetion of 
eremaster, elevation 
of scrotum 

Plantar ref1ex 

Longitudinal 
stroking of lateral side 
of sole of foot 

Tibial nerve 

Sl,S2 

Tibial nerve 

Flexion at toe joints 

Anal reflex 

Stroking of region 
around the anus 

Pudendal nerve 

S4, S5 

Pudendal nerve 

Gonstrietion of 
external anal 
sphineter 

Streteh Ref1exes 

Bíeeps ref1ex 

Tap to tendon of 
bieeps braehii muscle 
near its insertion 

Musculocutaneous 

nerve 

C5,C6 

Musculocutaneous 

nerve 

Flexion at elbow 

Trieeps reflex 

Tapto tendon of 
trieeps braehii muscle 
near its insertion 

Radial nerve 

C6,C7 

Radial nerve 

Extension at elbow 

Braehioradialis reflex 

Tap to forearm near 
styloid proeess of the 
radius 

Radial nerve 

C5,C6 

Radial nerve 

Flexion at elbow, 
supination, and 
flexion atfinger 
joints 

Patellar ref1ex 

Tap to patellar tendon 

Femoral nerve 

L 2 -L 4 

Femoral nerve 

Extension at knee 

Ankle-jerk ref1ex 

Tap to ealeaneal 
tendon 

Tibial nerve 

Sl,S2 

Tibial nerve 

Extension (plantar 
flexion) at ankle 


4 


The abdomínal reflex depends on faeilitation, 
rather than inhibition, of the deseending 


traets. In this reflex, seen in normal adnlts, a light 
stroking of the skin prodnees a reflexive 
twitch in the abdominal mnseles that 
moves the navel toward the stimnlns. 

The absenee of an abdominal reflex may 
indieate damage to the deseending 
traets. 



4 



Abdomìnal reflex 


Modnle 12.14 Revíew 


a. Define reinforeement as it pertains to 
spinal reflexes. 

b. What purpose does reflex testing 
serve? 

e. After injuring her baek, 22-year-old 
Tina exhibits a positive Babinski reflex. 
What does this imply about her injury? 


12.14 Explain the value of reflex testing and how the 
brain may eontrol and modify reflex responses. 
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Labelíng 


Label the neural 
circuit patterns 
in thefollovving 
diagrams. 






1 


■ 

2 



3 



4 



5 



Label the indieated 
structures in the 
aeeompanying 
diagram of a 
reflex are. 


Stimulation of a 




Voeabnlary 



Aetivation of a 


7 



Information proeessing in 




Aetivation of a 




Response by an 


11 


VVrite the term for eaeh of the follovving deseriptions in the spaee provided. 


12 

13 

14 

15 

16 

17 

18 

19 

20 


A reflex in vvhieh the sensory stimulus and motor response occur on the same side of the body 
Reflexes that move affeeted parts of the body avvay from a stimulus 
Gontrols the sensitivity of a muscle spindle 

VVithdravval reflex that affeets the muscles of a limb 

Autonomic reflexes that adjust nonskeletal muscles, glands, and adipose tissue 
Type of reflexes enhaneed by repetition 

A reflex in vvhieh the motor response occurs on the side opposite to the stimulus 
Proeess involved in preventing opposing musclesfrom eontraeting during a reflex 
The enhaneement of reflexes due to faeilitation of motor neurons 


12 

13 

14 

15 

16 

17 

18 

19 

20 


Short answer 


eiassify the vvithdravval reflex illustrated 
in the reflex are labeling exercise above 
aeeording to development, response, 
complexity of circuit, and proeessing site. 
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CHAPTER 12 REVIEVV • The Spinal Cord, Spinal Nerves,and Spinal Reflexes 


Study Outlìne 


^ SECTION 1 * FunctionalOrganizationoftheSpinalCord 


14. CSF is withdrawn in a procedure known as a lumbar 
puncture, or spinal tap. 



The spìnal eord ean functìon ìndependently from the braìn 

p. 429 



Gray matter ìntegrates sensory and motor functìons, and 
whíte matter earríes ìnformatìon p. 434 


1. The spínal eord reeeives sensory input and sends motor 
eommands on spinal nerves. 

2. A ref1ex is a rapid, automatic response triggered by speeifie 
stimuli. 

3. Spínal ref1exes are eontrolled in the spinal eord. 



The spìnal eord eontaìns gray matter and whìte matter 

p. 430 


4. There are 31 spinal segments, eaeh giving rise to a pair of 
spinal nerves.There are 8 eervieal, 12 thoraeie, 5 lumbar, 5 
saeral, and 1 eoeeygeal spinal segments. 

5. The eervìeal enlargement supplies nerves to the shoulder 
and upper limb. The lumbar enlargement innervates the 
structures of the pelvis and lower limb. 

6 . The conus medullarìs is the inferior tip of the spinal eord. 
Spinal segments L^-S^ extend as the cauda equina.The 
filum termìnale extends from the conus medullaris to 
vertebra S^. 

7. Eaeh spinal nerve eonneets to the spinal eord by a dorsal 
root and a ventral root. 


8 . The dorsal root eontains axons of the dorsal root 
ganglìon.The dorsal root ganglion eontains the bodies 
of sensory neurons whose axons bring information to the 
spinal eord. 

9. The ventral root eontains somatie and viseeral motor 
neuron axons. 


10. The whíte matter of the spinal eord eontains myelinated 
and unmyelinated axons.The gray matter eontains eell 
bodies, neuroglia, and unmyelinated axons and surrounds 
a eentral eanal. 



The spìnal menìnges, eonsìstìng of the dura mater, 
araehnoìd, and pìa mater, surround the spìnal eord 


p.432 


15. Projeetions of gray matter are ealled horns.The posterìor 
gray horn eontains somatie and viseeral sensory nuclei. 
The lateral gray horn (only in thoraeie and lumbar 
segments) eontains viseeral motor nuclei.The anteríor 
gray horn eontains somatie motor nuclei. 

16. The gray commìssures surround the eentral eanal and 
eontain axons that eross the spinal eord. 

17. VVhite matter is divided into columns: the posterìor whìte 
column, the lateral whíte column, and the anterìor 
whíte column. 

18. Columns eontain traets, which are bundles of axons 
uniform in structure and function. 

19. Aseendíng traets earry sensory information to the brain. 
Deseendìng traets eonvey motor eommands to the spinal 
eord. 



Splnal nerves have a slmllar anatomleal structure and 
dlstrlbutlon pattern p. 436 


20. Epíneuríum, a dense 
network of eollagen fibers, 
surrounds spinal nerves. 

Perìneurìum divides the 
axons into bundles ealled 
faseìeles. Endoneurìum 
surrounds individual axons. 

21. Eaeh spinal nerve divides 
to form rami that earry 

viseeral and motor fibers of the autonomic nervous 
system (ANS).Thoraeie and lumbar spinal segments earry 
motor output for the sympathetíe dìvìsíon of the ANS. 

22. The speeifie region of the skin surface monitored by a 
single pair of spinal nerves is a dermatome. The varieella- 
zoster virus, the virus that causes chickenpox, ean cause 
skin eruptions ealled shìngles along a dermatome. 


Seetional 
view of 



11. The spínal menìnges 

are a series of speeialized 
membranes that 
surround the spinal eord, 
providing stability and 
shoekabsorption. 

12. From superficial to deep, 
the meninges are: (1) dura 
mater, (2) araehnoíd, and 
(3) pìa mater. 

13. Between the dura 
mater and the walls 
of the vertebral eanal 
is the epìdural spaee 
eontaining proteetive 
adipose tissue padding. 

The subarachnoid spaee is fìlled with eerebrospinal f1uid 
(CSF) that aets as a shoek absorber and a medium for the 
diffusion of gases, nutrients, and wastes. 


Eaeh ramus of a spìnal nerve provìdes motor and sensory 

ìnnervatìon to a speeìfìe regìon p. 438 

23. The ventral root of eaeh spinal nerve eontains axons of 
somatie motor and viseeral motor neurons.The dorsal root 
of eaeh spinal nerve earries sensory information to the 
spinal eord. 

24. The dorsal ramus eontains somatie motor and viseeral 
motor fibers that innervate the skin and skeletal muscles of 
the baek.The dorsal ramus also earries sensory information 
from the skin and skeletal muscles of the baek 

25. The ventral ramus axons supply the ventrolateral body 
surface, structures in the body wall, and the limbs.The 
ventral ramus also earries sensory information from the 
ventrolateral body surface, structures in the body wall, and 
the limbs. 

26. The white and gray rami are together known as the rami 
communícantes, and they eontain fibers of the ANS. 
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CHAPTER 12 REVIEVV • The Spinal Cord, Spinal Nerves,and Spinal Reflexes (continued) 



Spìnal nerves form nerve plexuses that ìnnervate the skìn 
and skeletal muscles; the eervleal plexus Is the smallest of 
these nerve plexuses p. 440 







The ventral rami form four major plexuses: (1) the eervìeal 
plexus, (2) the braehìal plexus, (3) the lumbar plexus, 
and (4) the saeral plexus. 

The eervieal plexus 
eonsists of the ventral 
rami of spinal nerves 

Ci-C5. 


The eervieal plexus 
innervates the 
muscles of the neek, 
the diaphragm, and 
the skin of the neek 
and superior ehest. 


The phrenìe nerve, 

a major nerve 
of the eervieal 
plexus, supplies the 
diaphragm. 



The braehlal plexus Innervates the peetoral glrdle and 
upper llmbs p. 442 


31. The ventral rami of spinal nerves e^-T^ form the braehial 
plexus. 


32. Trunks (large bundles of axonsfrom several spinal nerves) 
and eords (smaller branehes that originate at trunks) form 
the braehial plexus. 



The lumbar and saeral plexuses Innervate the skln and 
skeletal muscles of the trunk and lower llmbs p. 444 


33. The lumbar plexus arises from spinal eord segments 
Ti 2 -L 4 .The saeral plexus isformed from spinal eord 
segments L 4 -S 4 . 

34. The largest and longest nerve in the body is the seìatíe 
nerve, which arises from the saeral plexus. 


SEGTION 2 • lntroductlon to Reflexes 

V_ _ 


12 . 10 ] 


CNS neurons are grouped Into neuronal pools, whlch form 
neural clrcults p. 447 


35. The interneurons of the CNS are organized into functional 
groups of intereonneeted neurons ealled neuronal pools. 


36. The neuronal circuits have varying patterns, termed 

dìvergenee, parallel proeessíng, serìal proeessing, 
eonvergenee, and reverberatíon. 


12.11 

J 


Reflexes are vltal to homeostasls 


p.448 


37. Ref1exes are rapid, automatic responses to speeifie stimuli. 
The"wiring"of a single reflex is ealled a reflex are. 

38. The five steps in a simple neural reflex are: (1) a stìmulus 
aetìvates a reeeptor, (2) aetìvatìon of a sensory neuron, 
(3) ínformatìon proeessíng, (4) aetìvatìon of a motor 
neuron, and (5) response of a perìpheral effeetor. 

39. Neural reflexes are elassified aeeording to their 
development, the nature of the resulting motor response, 
the complexity of the neural circuit, and the information 
proeessing site. 


12.12 j 


The streteh reflex Is a monosynaptle reflex Involvlng 
muscle splndles p. 450 


40. The streteh ref1ex is a monosynaptie reflex regulating 
skeletal muscle length.The patellar reflex is an example. 

41. Mosele spìndles are the sensory reeeptors involved in a 
streteh reflex. Eaeh muscle spindle eonsists of speeialized 
skeletal muscle fibers ealled ìntrafusal muscle fibers. 


42. Stretehing the intrafusal fiber stimulates a sensory neuron, 
which in turn stimulates the motor neurons. 

43. Many streteh reflexes are postural ref1exes that help us to 
maintain normal upright posture. 


12.13 j 


Wlthdrawal ref1exes and erossed extensor ref1exes are 
polysynaptle reflexes p. 452 


44. Wìthdrawal ref1exes move affeeted parts of the body 
away from a stimulus. Painful stimuli trigger the strongest 
withdrawal reflexes. 


45. The f1exor ref1ex affeets the muscles of the limb. When a 
muscle eontraets in a flexor reflex, opposing muscles relax 
to permit the movement. This is 
ealled reeìproeal ìnhíbìtìon. 



Streteh reflexes and withdrawal reflexes involve ìpsilateral 
ref1ex ares, meaning the sensory stimulus and motor 
response occur on the same side of the body. 


47. The erossed extensor ref1ex involves a eontralateral ref1ex 

are because an additional motor response occurs on the 
side opposite the stimulus. 


48. Polysynaptíe ref1exes are responsible for the automatic 
aetions involved in complex movements such as walking 
and running. 


12.14] 


The braln ean Inhlblt or faellltate splnal reflexes, and 
reflexes ean be used to determlne the loeatlon and 
severlty of damage to the CNS p. 454 


49. Reìnforeement is the faeilitation of motor neurons 
involved in reflexes. 


50. Physieal examinations test the status of spinal segments 
because eaeh reflex is eontrolled by speeifie segments of 
the spinal eord. 

51. The bìeeps reflex, trìeeps reflex, and ankle-jerk ref1ex 

are reflexes eommonly tested in physieal exams. 

52. The Babínskì sign is present in infants but disappears in 
adults. Its presenee in adults is a sign of damage to either 
the higher eenters of the brain or deseending traets. 

53. The plantar reflex and the abdomìnal reflex are normally 
present in adults. 
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ehapter Revìew Questíons 


Labelìng 

Label the 
structures in the 
follovving diagram. 



True/False 


indieate vvhether eaeh statement is true or false. 





Sensory input travels tovvard the spinal eord and motor 
eommands travel avvay from the spinal eord. 

Endoneurium is the outermost eovering of a spinal nerve. 

The dorsal root of eaeh spinal nerve earries motor 
information avvay from the spinal eord. 

There are eight eervieal spinal nerves. 

Motor nuclei are loeated in the posterior gray horn of the 
spinal eord. 





IVIultìple ehoiee 


Seleet the eorreet ansvver from the list provided. 



The follovving steps are involved in a simple neural reflex: 

(1) aetivation of a sensory neuron; (2) aetivation of a motor neuron; 
(3) response of a peripheral effeetor; (4) a stimulus aetivates a 
reeeptor; (5) information proeessing.The proper sequence of these 

steps is 


□ a) 1,3,4, 5,2. 

□ b) 4,5,3,1,2. 

□ e) 4,1,5,2, 3. 

□ d) 4, 3,1,5, 2. 



The layers of the spinal meninges from superficial to deep are 

Q a) pia mater, araehnoid, dura mater. 

Q b) araehnoid, pia mater, dura mater. 

Q e) dura mater, araehnoid, pia mater. 

Q d) dura mater, pia mater, araehnoid. 
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CHAPTER 12 REVIEVV • The Spinal Cord, Spinal Nerves,and Spinal Reflexes (continued) 



Faseieles eontaining bundles of axons are surrounded by 

Q a) epineuriunn. 

Q b) perineurium. 

Q e) endoneurium. 

Q d) dermatome. 



The adult spinal eord extends only to the 
Q a) coccyx. 

Q b) sacrum. 

Q e) third orfourth lumbar vertebra. 
Q d) first or seeond lumbar vertebra. 



The ventral root of eaeh spinal nerve eontains axons of 
Q a) viseeral sensory neurons. 

Q b) somatie motor neurons only. 

Q e) viseeral motor neurons only. 

Q d) both somatie motor and viseeral motor neurons. 



A neuronal circuit that spreads information from one neuron to 
several neurons is 

Q a) divergenee. 

Q b) eonvergenee. 

Q e) serial proeessing. 

Q d) parallel proeessing. 



Reflex ares in which the sensory stimulus and the motor response 
occur on the same side of the body are 

Q a) eontralateral. 

Q b) ipsilateral. 

Q e) monosynaptie. 

Q d) erossed extensor. 



The tapered eonieal portion of the spinal eord is the 

Q a) cauda equina. 

Q b) conus medullaris. 

Q e) filum terminale. 

Q d) eoeeygeal nerve. 



The median nerve is a eomponent of the 

Q a) eervieal plexus. 

Q b) braehial plexus. 

Q e) lumbar plexus. 

Q d) saeral plexus. 



Stroking an infant's foot on the lateral side of the sole produces 
extension of the hallux and a fanning of the toes known as the 

Q a) Babinski reflex. 

Q b) plantar reflex. 

Q e) eremasterie reflex. 

Q d) ankle jerk reflex. 


Short answer 



Deseribe the cause and symptoms of shingles. 



A student forcefully bumps the posterior medial aspeet of her 
elbow on her desktop and feels pain in her hand. VVhieh nerve is 
involved, and where in her hand is she experiencing pain? 



VVhy do eervieal nerves outnumber eervieal vertebrae? 



VVhere is eerebrospinal fluid loeated, and what are its functions? 


MasteringA&P® 

Aeeess more ehapter study tools online in the MasteringA&P Study Area: 

■ ehapter Quízzes, Ghapter PraetieeTest, Art-labeling Aetivities, 
Anímatíons, MP3 Tutor Sessions, and Glínieal Case Studies 


\ 


■ Praetiee Anatomy Lab 

PAi: 

■ interaetive Physiology 

ip. 

■ A&P Flíx 

AáPFUx 

■ PhysioEx 

PhysioEx 


j 
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ehapter Integratìon • Applyíng what you have learned 


A helmet-to-helmet eollísion causes a"stinger" 

Dominie is a defenseman on his high sehools junior varsity laerosse team. 
He plays an aggressive style of defense and initiates extensive physieal 
eontaet. As the final seeonds of a reeent game counted down, an opposing 
player was about to take a shot on goal that would have tied the game. 
Dominie ran full speed into the shooter. Their helmets eollided dead-on, 
and Dominie s head snapped hard to the left. As his opponent fell backward 
onto the ground, Dominie felt an intense pain from the right side of his neek 
that radiated down his entire right upper limb to the tips of his fingers. The 
referee blew the whistle, indieating the end of the game. As the winning 
players and eoaehes eongregated, the teams athletie trainer asked Dominie 
how he was feeling after delivering such a signifieant hit. Dominie replied 
that upon impaet he felt a severe pain on the right side of his neek and entire 
right upper limb that was both numbing and burning, but that it lasted only 
a few moments. The trainer informed him that he likely experienced a 
stinger and that although the pain was quite intense, he would not likely 
have a lasting injury. 

From what you have just learned about spinal nerves, answer the 
following questions. 



Why dìd Domìnìe's paìn radíate down only the rìght upper límb and 
not both upper lìmbs? Why was the paìn also ìn hís neek? 



Which spinal nerves would you suspect to be involved? 

Why do you think he experíenced the numbíng, burníng paín that he díd, 
and why do you think the paín extended all the way to his fìngertips? 



A really bad day 

Karen had just finished her A&P midterm exam and was 
hurrying out of the elassroom to get home and finish paeking 
for her first-ever spring break trip to Cancun, Mexico. She was 
excited about her upcoming trip, and equally excited about 
how well she was doing in her first year of nursing sehool. She 
thought baek to how she had struggled with every high sehool 
seienee elass she'd had, but her experience in her A&P elass was 
eompletely different. Her professor was wonderful at presenting 
the information in an understandable manner and in guiding 
students to numerous aneillary tools to help them eomprehend 
a seemingly overwhelming subject. 

Seeing the crowd of students waiting for the elevator, Karen 
ehose to take the stairs. In her haste to get home, she slipped 
on the edge of a step and fell down a flight of stairs. During the 
fall she suffered lumbar and saeral spinal eord damage due to a 
hyperextension of her baek. The injury resulted in edema around the 
eentral eanal that eompressed the anterior horn of the lumbar region. 

An additional consequence of her injury was the loss of 
the ability to eontrol her bowels and urinary bladder, because 



eontrol of these functions 
involves spinal reflex 
ares loeated in the saeral 
region of the spinal eord. 

In both instanees, two 
sphineter muscles—an 
inner sphineter of smooth 
muscle and an outer 
sphineter of skeletal 
muscle—eontrol the 
passage of wastes (whether 
feees or urine) out of the body. 





What signs and symptoms would you expect Karen to exhibit 
duríng her neurologícal evaluatíon? 

How would a transeetion of the spinal eord at the level affeet 

a person's bowel and urinary bladder eontrol? 

Gompare the effeets of a transeetion of the spinal eord at in 
an adult with a newborn's inability to eontrol urination. 
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LEARNING OUTCOMES 


These Learning 
Onteomes 
eorrespond 
by nnmberto 
this ehapter's 
modnles and 
indieate what 
you shouid be 
able to do after 
eompleting 
the ehapter. 


SECTION 1 • Functíonal Anatomy of the Brain and Cranial Nerves 


13.1 


13.2 


13.3 


13.4 


13.5 


13.6 


13.7 


13.8 


13.9 


13.10 


13.11 


13.12 


13.13 


13.14 


Deseribe the origins of the different regions of the brain from the embryonie neural tube. 

Name the six major regions of the brain, and deseribe their functions. 

Explain how the brain is proteeted and supported, and how eerebrospinal fluid forms 
and circulates. 

List the main eomponents of the medulla oblongata and pons, and speeify the functions 
ofeaeh. 

List the main eomponents of the cerebellum, and speeify the functions of eaeh. 

Listthe main eomponents ofthe midbrain, and speeify the functions of eaeh. 

List the main eomponents of the dieneephalon, and speeify thefunctions of eaeh. 

Identify the main eomponents of the limbie system, and speeify the loeations and 
functions of eaeh. 

Deseribe the structure and function of the basal nuclei of the cerebrum. 

Identify the major superficial landmarks of the cerebrum, and eite the loeation of eaeh. 

Identify the loeations of the motor, sensory, and assoeiation areas of the eerebral cortex, 
and discuss the functions of eaeh. 

Discuss the signifieanee of the white matter of the eerebral hemispheres. 

CLINICALMODULE Discuss the origin and signifieanee of the major eategories of 
brain waves seen in an eleetroeneephalogram (EEG). 

Identify the eranial nerves by name and number, and eite the functions of eaeh. 


/j 


SEGTION 2 • Sensory and Motor Pathways 




13.15 


13.16 


13.17 


13.18 


13.19 


13.20 


13.21 


(S) 

Learning Onteomes 
arerepeated atthe 
bottomofeaeh 
module. 


Deseribe the basie events that occur along a sensory pathway, and 
explain the differenee between a sensation and a pereeption. 

Explain the ways in which reeeptors ean be elassified. 

List the types of taetile reeeptors, and speeify the functions of 
eaeh. 

Identify and deseribe the major sensory pathways 

Deseribe the eomponents, proeesses, and 
functions of the somatie motor pathways. 

Deseribe the levels of information 
proeessing involved in motor eontrol. 

CLINICALMODULE Deseribe 
the roles of the nervous system in 
referred pain, Parkinson's disease, 
rabies, eerebral palsy, amyotrophie 
lateral selerosis, Alzheimer's disease, m ^ s 
and multiple selerosis. 
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Module 13.1 


SECTION 1 • Functìonal Anatomy of the Braìn and eranìal Nerves 



The braìn develops from a hollovv neural tube 

The first seetion of this ehapter introdnees the fnnetional anatomy of the brain and 
eranial nerves. In adnlt hnmans, the brain eontains almost 97 pereent of the body s 
nenral tissne. A ''typieal” brain weighs 1.4 kg (3 Ib) and has a volnme of 1200 mL 
(71 in.^). Brain size varies eonsiderably among individnals. On average, the brains 
of males are abont 10 pereent larger than those of females, due to differenees in 
average body size. No eorrelation exists between brain size and intelligenee. 



This lateral view of the brain of 
an embryo after 4 weeks of 
development shows the neural tube, 
the hollow eylinder that is the begin- 
ning of the eentral nervous system 
(CNS). The eentral eavity is ealled the 
neurocoel (NU-ró-sèl). In the eephalie 
portion of the neural tube, three areas 
enlarge rapidly throngh expansion of 
the nenroeoel. This ereates three 
prominent divisions ealled primary 
brain vesieles. The primary brain 
vesieles are named for their relative 
positions along the neural tube. 


The meseneephalon 

(mez-en-SEF-a-lon), or 
"midbrain"is an expan- 
sion caudal to the 
proseneephalon. 


The proseneephalon 

(próz-en-SEF-a-lon; proso, 
forvvard -i- eneephalos, 
brain), or"forebrain,"is at 
the anteriortip of the 
neural tube. 


i 



The rhombeneephalon 

(rom-ben-SEF-a-lon), or 
"hindbrain,"is the most 
caudal of the primary 
brain vesieles. It is 
continuous vvith the 
spinal eord. 


By week 5 of development, the primary brain vesieles have 
ehanged position and the proseneephalon and rhomben- 
eephalon have snbdivided, forming seeondary braín vesieles. 




The dìeneephalon 

(dí-en-SEF-a-lon; dia, 
through -i- eneephalos, 
brain) beeomes the 
major relay and 
proeessing eenter for 
information headed to 
and from the cerebrum. 


The teleneephalon 

(tel-en-SEF-a-lon; telos, 
end) begins to expand 
rapidly, eventually 
beeoming the 
eerebmm, the largest 
part of the adult brain. 


Rhombeneephalon 

The meteneephalon 

(met-en-SEF-a-lon; 
nneta, after) is caudal to 

the mìdbraín 

(meseneephalon). This 
region will form the 

cerebellum and the 
pons of the adult brain. 

The myeleneepha- 

lon (mí-el-en-SEF- 
a-lon; myelon, spinal 
eord) will beeome 

the medulla 
oblongata. 

\ 1 * 

í As, 







Spinal 

eord 



Dieneephalon Midbrain 

(eovered by (eovered by 

Cerebrum cerebrum) cerebrum) 



3 


As development eontinnes, the eerebrnm 
enlarges to the point where it eovers 


other regions of the brain. 


l\/lodule13.1 Revìew 


a. Name the three primary brain vesieles. 

b. VVhieh structures give rise to the seeondary brain vesieles? 
e. VVhieh region of the adult brain is largest? 


13.1 Deseribe the origins of the different regions of the brain from the embryonie neural tube. 


463 


















































Module13.2 


Eaeh region of the braín has distinet 
structural and functional eharaeteristies 



This diagrammatie 
view of the brain 
introdnees the six major 
regions of the brain and 
their general fnnetions. The 
regions are eolor eoded, and 
these eolors will be used as 
appropriate in illustrations 
throughout the ehapter. 


Cerebrum 


The cerebrum (se-RÈ-brum) of the adult brain is divided into a pair of large eerebral hemíspheres. Their 
surfaces are highly folded and eovered by a 1.5 to 4.5 mm thiek superficial layer of gray matter ealled the 
eerebral cortex (cortex, rind or bark). Functions include conscious thought, memory storage and 
proeessing, sensory proeessing, and regulating skeletal muscle eontraetions. 


Fìssures are deep 
grooves that subdivide 


Gyri (Jì-rí; singular, gyrus) are 
folds in the eerebral hemispheres 


the eerebral hemisphere. that inerease its surface area. 


Sulci (SUL-sí; singular, sulcus) are shallow 
depressions in the eerebral hemispheres 
that separate adjaeent gyri. 


Dieneephalon 


The dieneephalon is the structural 
and functional link between the 
eerebral hemispheres and the rest 
of the CNS. 


The thalamus (THAL-a-mus) 
eontains relay and proeessing 
eenters for sensory information. 



The hypothalamus (hypo-, 
below), or floor of the dieneepha- 
lon, eontains eenters involved with 
emotions, autonomic function, 
and hormone production. 


Brain Stem 


The brain stem 

includes the 
midbrain, pons, 
and medulla 
oblongata. 


Cerebellum 


The cerebellum (ser-e-BEL-um), partially 
hidden by the eerebral hemispheres, is the 
seeond-largest structure in the brain.The 
functions of the cerebellum include 


eoordinating and modulating motor 
eommands from the eerebral cortex.The 
cerebellum has only 10 pereent of the 
brain's volume, but over 50 pereent of the 
brain's neurons. 


The midbrain eontains nuclei that The pons (pons, bridge) eonneets 


proeess visual and auditory 
information and eontrol reflexes 
triggered by these stimuli. It also 
eontains eenters that help 
maintain consciousness. 


the cerebellum to the brain stem. 
In addition to traets and relay 
eenters, the pons also eontains 
nuclei that function in somatie and 
viseeral motor eontrol. 


The medulla oblongata relays sensory 
information to other portions of the brain 
stem and to the thalamus.The medulla 
oblongata also eontains major eenters that 
regulate autonomic function, such as heart 
rate and blood pressure. 
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During development, the neurocoel within the 
eerebral hemispheres, dieneephalon, meteneepha- 


lon, and mednlla oblongata expands to form ehambers 
ealled ventrieles (VEN-tri-kls). The ventrieles are filled 
with eerebrospinal fluid and lined by ependymal eells 
(Module 11.4, p, 400). 


Gerebral 
hemispheres 


Medylla oblongata 

Spinal eord 


Gentral eanal 


Ventrìeles of the Braín 



Eaeh eerebral hemisphere 
eontains a large 

lateral ventrìele. 


Eaeh lateral ventriele 
communicates with the 
third ventriele through an 

ínterventrìcular foramen 


The third ventrìele is 

loeated in the 
dieneephalon. 


The eerebral aqueduct is a 

slender eanal within the 
midbrain that eonneets the 
third ventriele to the fourth 
ventriele. 


Ventricular system, lateral view 


The fourth ventriele begins 
in the meteneephalon and 
extends into the superior 
portion of the medulla 
oblongata. Itthen narrows 
and beeomes the eentral 
eanal of the spinal eord. 


Gerebral 

hemispheres 



Gentral eanal 


Cerebellum 


Ventricular system, anterìor view 


Lateral ventrieles 


lnterventricular 

foramen 

Third ventriele 

Inferior tip of 
lateral ventriele 

Gerebral aqueduct 


Fourth ventriele 


3 


The intereonneetions between the 
ventrieles are seen in this frontal 


seetion of the brain. 



Cerebellum 


eentral eanal 


The corpus callosum is a 

thiek traet of white matter that 
intereonneets the two 
eerebral hemispheres. 


The septum pellucidum is a 

thin partition that separates 
the two lateral ventrieles. 


Modyle 13.2 Revìew 


a. Name the six major regions ofthe brain 
and the distinet structures of eaeh. 

b. Deseribe the role ofthe medulla 
oblongata. 

e. eompare the corpus callosum with the 
septum pellucidum. 


13.2 Name the six major regions of the 
brain, and deseribe their functions. 
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Module13.3 




The eranìal meninges and eerebrospinal 
fluid proteet and support the brain 

The eranial bones, eranial meninges (membranons brain eoverings), and the eerebro- 
spinal flnid proteet the delieate brain tissnes. In addition, the nenral tissne of the brain 
is bioehemieally isolated from the general eirenlation by the blood-brain barrier. 

Meninges 

The three layers that make up the eranial meninges—the 



eranial dura mater, araehnoid mater, and pia mater —are 
continuous with those of the spinal meninges (Module 12.3, p. 432). 



Dura mater 



Araehnoìd mater 


The eranial araehnoid mater eonsists of 
the araehnoid membrane and the 
araehnoid trabeculae (which eonneet to 
the pia mater).The araehnoid membrane 
is a smooth eovering that does not follow 
the brain's underlying folds.The subarach- 
noid spaee lies between the araehnoid 
membrane and the pia mater. 


Subdural spaee 


Araehnoid membrane 
Subarachnoid spaee 
Araehnoid trabeculae 



The eranial dura mater eonsists of 
outer and inner fibrous layers.The 
outer layer is fused to the periosteum 
of the eranial bones. As a result, there 
is no epidural spaee.The outer 
(periosteal) and inner (meningeal) 
layers of the eranial dura mater are 
typieally separated by a slender gap 
that eontains tissue fluids and blood 
vessels, including several large dural 
sinuses.The dural sinuses eolleet blood 
from the veins of the brain. 


Dura mater (periosteal layer) 
Dural sinus 

Dura mater (meningeal layer) 


Gerebral cortex 




Pìa mater 




Astroeyte proeesses bind the pia mater to the surface 
of the brain.The pia mater stieks to the surface of the 
brain. It extends into every fold and aeeompanies the 
branehes of eerebral blood vessels as they penetrate 
the surface of the brain to reaeh internal structures. 


2 


At several sites, the inner layer of the dura mater extends 
into the eranial eavity, forming dural folds —sheets 


Inferior 
sagittal sinus 


The superìor sagìttal sìnus 

is the largest dural sinus. 


that dip inward and then return. These stabilize and 
snpport the brain. Dural sínuses are large eolleeting 
veins loeated within the dural folds. There are three 
large dural folds. 


The falx eerebrì (FALKS SER-e-brí; falx, 
siekle shaped) is a fold of dura mater 
between the eerebral hemispheres. Its 
inferior portions attaeh anteriorly to the 
erista galli of the ethmoid bone and 
posteriorly to the internal oeeipital erest of 
the oeeipital bone.The superior and inferior 
sagittal sinuses lie within this dural fold. 



The tentorìum eerebellì 

(ten-TO-rè-um ser-e- 
BEL-í; tentorìam, a tent) 
separates the eerebral 
hemispheres from the 
cerebellum. 


Thefalxcerebelli 

separatesthe two 
eerebellar hemispheres 
along the midsagittal 
line inferiorto the 
tentorium eerebelli. 
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eerebrospínal Fluíd 


3 


Gerebrospinal fluid (CSF) eompletely 
surrounds and bathes the exposed snrfaees 
of the CNS. Eaeh of the ventrieles eontains an area 
of ehoroid plexus {ehoroid, vasenlar eoat; plexus, 
network), which is involved in prodneing and 
maintaining CSR Eaeh ehoroid plexus eonsists of a 
eombination of speeialized ependymal eells with 
tight jnnetions. 

The eSE eirenlates from the ehoroid 
plexuses through the ventrieles and fills the eentral 
eanal of the spinal eord. As it eirenlates, materials 
diffnse between the CSE and the interstitial fluid 
of the CNS aeross the ependymal eells. 


Interstítíal fluíd 
ín thalamus 


Nutrients, 

O2 


Superior sagittal sinus 



Third ventriele 


Gerebral aqueduct 


The eSF reaehes the sub- 
araehnoid spacethrough 
two lateral apertures 
and a síngle medìan 
aperture in the roof of 
thefourth ventriele. 


The eSF then flows through 
the subarachnoid spaee 
surrounding the brain, spinal 
eord, and cauda equina. 


The ehoroid plexuses produce CSE 
at a rate of about 500 mL/day. The 
total volume of CSE at any moment 
is approximately 150 mL, and the 
entire volume of CSE is replaeed 
about every 8 hours. 


Gentral eanal 
of spinal eord 


Dura mater 


eapillaries 


Waste products, 

C02 



Neuron 



ehoroid plexus ependymal eells 



eSF 

production 


eSFin 

third ventriele 


Tight junction 


ehoroid plexus 


Dura mater 


Superior 


Cranium 



Araehnoid 

granulation 


eSF 

movement 


Subdural 

spaee 

Araehnoid 

membrane 


eerebral 

cortex 


Pia mater 


4 


Eingerlike extensions of the araehnoid 
membrane penetrate the meningeal layer of 
the dura mater and extend into the snperior 
sagittal sinus. In adults, these extensions form large 
araehnoíd grannlatíons, sites where CSE is 
absorbed into the venous circulation. 


Araehnoid 
Subarachnoid spaee 


Modnle 13.3 Revìew 


a. From superficial to deep, name the layers that 
constitute the eranial meninges. 

b. What would happen if the normal circulation 
or absorption of CSF beeame bloeked? 

e. How would deereased diffusion aeross the 
araehnoid granulations affeet the volume of 
eerebrospinal fluid in the ventrieles? 


13.3 Explain how the brain is proteeted and supported, 
and how eerebrospinal fluid forms and circulates. 
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Module13.4 

j 


The medulla oblongata and the pons eontaìn 
autonomíc reflex eenters, relay statíons, 
and aseendíng and deseending traets 


Medylla Oblongata 

The medulla oblongata is a very busy plaee: All 
communication between the brain and spinal eord 
travels along traets that aseend or deseend through 
the medulla oblongata. The medulla oblongata is 
also a eenter that eoordinates complex auto- 
nomie reíìexes and viseeral functions. 


The olive is a prominent 


olive-shaped bulge along 


the anterolateral surface 


of the medulla oblongata. 


It follows the contours of 


the olivary nucleus. 

1 


2 


Landmarks and structures 


of the mednlla oblongata 
are shown in these illnstrations, 
and major eomponents and 
fnnetions are snmmarized in the 
table below. The mednlla oblongata 
eontains autonomic eenters 
eontrolling vital fnnetions, and relay 
stations along sensory and motor 
pathways. The mednlla oblongata also 
eontains the nuclei assoeiated with five 
eranial nerves, althongh those nuclei 
are not illnstrated here. 




Aotonomìe Genters 


Reticular formation 


Cardiovascular eenters 

Respiratory rhythmieity 

eenter 


Solitary nucleus 


Relay Stations 

Olivary nucleus 
Nucleus cuneatus 
Nucleus graeilis 


Deseending traets eover 
the anterior snrfaee of 


the mednlla oblongata. 



The pyramìds eontain traets of motor 
fibers that originate at the eerebral cortex. 


Some of the pyramidal fibers eross to the 
opposite side of the medulla oblongata as 
they deseend into the spinal eord.That 
erossing is ealled a decussatíon (de-kuh- 
SÀ-shun; decussation, erossing over). 



Attaehment to 
membranous 
roof of fourth 
ventriele 


Posterior 
median sulcus 

Spinal eord 


Anterior view 


Posterolateral view 


eomponents of the Medolla Oblongata and Theìr Fonetìons 

Gomponent 

Functìon 

Gray Matter 

Nucleus graeilis, nucleus cuneatus 

Relay somatie sensory information to the thalamus 

Olivary nuclei 

Loeated within the olives; relay information from the red nucleus and other nuclei of the midbrain, 
and the eerebral cortex to the cerebellum 

Solitary nucleus 

Integrates and relays viseeral sensory information to autonomic proeessing eenters 

Autonomic ref1ex eenters 

Gardiae eenters 

Regulate heart rate and foree of eontraetion 

Vasomotor eenters 

Regulate distribution of blood flow 

Respiratory rhythmieity eenters 

Set the paee of respiratory movements 

Other nuclei/centers 

Gontain sensory and motor nuclei of eranial nerves VIII (in part), IX, X, XI (in part), and XII; relay 
aseending sensory information from the spinal eord to higher eenters 

White Matter 

Aseending and deseending traets 

Linkthe brain with the spinal eord 
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Pons 


3 


The pons links the eerebellnm 
with the midbrain, dieneephalon, 



eerebrnm, mednlla oblongata, and 
spinal eord. 


Aseending traets 


Deseending traets 


Midbrain 


Pons 


Medulla 

oblongata 


Spinal eord 



Transverse fibers 



Olivary nucleus 



Lateral víews 



Pneumotaxic eenter 
Apneustic eenter 


Cerebellum 


Fourth 

ventriele 


The retìcular formatìon is a 

loosely organized mass of gray 
matter that eontains embedded 
nuclei and eenters that regulate 
vital autonomic functions. It 
extends from the medulla 
oblongata to the midbrain. 


Gomponents the Pons 

Gomponent 

Functìon 

Gray Matter 

Nucleì assoeìated wìth eraníal 
nerves V, Vl, Vll, and VIII (ín part) 

Relay sensory information and issue somatie motor eommands 

Apneustic and pneumotaxíc eenters 

Adjust aetivities of the respiratory rhythmieity eenters in the medulla oblongata 

Relay eenters 

Relay sensory and motor information to the cerebellum 

Whíte Matter 

Aseendíng traets 

Carry sensory information from the nucleus cuneatus and nucleus graeilis to the thalamus 

Deseendíng traets 

Carry motor eommands from higher eenters to motor nuclei of eranial or spinal nerves 

Transverse fìbers 

intereonneet proeessing eenters in the eerebellar hemispheres 


Modyle 13.4 Revìew 


a. What is the function ofthe aseending and 
deseending traets in the medulla oblongata? 

b. Which medulla oblongata eomponents relay 
somatie sensory information to the thalamus? 

e. Deseribe the pyramids ofthe medulla oblongata 
and a decussation. 

!) 13.4 List the main eomponents of the medulla oblongata ^ 
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Module13.5 



The cerebellum eoordinates learned and reflexive 
patterns of muscular aetivity at the subconscious level 

The cerebellum is an antomatie proeessing eenter that monitors proprioeeptive, 
visnal, taetile, balanee, and anditory sensations. It has two primary fnnetions: 


Adjusting the Postural Muscles of the Body. The eerebellnm eoordinates 
rapid, antomatie adjnstments that maintain balanee and equilibrium. The 
cerebellum makes these adjustments by modifying the aetivities of motor 
eenters in the brain stem. 

Programming and Fine-Tnning Movements Gontrolled at the Conscious 
and Subconscious Levels. The eerebellnm refines learned movement patterns 
indireetly by regnlating aetivity along motor pathways at the eerebral cortex, 
basal nuclei, and motor eenters in the brain stem. The eerebellnm eompares 
the motor eommands with proprioeeptive information (pereeption of muscle 
and joint position) and makes any neeessary adjnstments so the movement you 
intended to do is aetnally aeeomplished. 



As seen in this view of the posterior snperior 
snrfaee, the eerebellnm has large anterior 
and posterior lobes. Like the eerebrnm, 
the eerebellnm has two hemispheres 
and the snrfaee is eovered with a 
thin layer of gray matter ealled 
the eerebellar cortex. 




Anterior lobe 


Posterior lobe 


Cerebellunn 


Posterìor vìew 



The vermis (VER-nnis; 
wornn) is a narrow band of 
cortex that separates the 
eerebellar hemispheres. 


The anterior and posterior 
lobes are separated by the 

prìmary fìssure. 


Thefolia (FO-lè-uh; leaves) 
are folds of the eerebellar 
surface.They are less 
prominent than the folds in 
the surfaces of the eerebral 
hemispheres. 


Left Hemisphere 
of Cerebellum 


Right Hemisphere 
of Cerebellum 


The extensive dendrites 
of eaeh Purkinje eell 
reeeive input from up 
to 200,000 synapses, 
more than any other 
type of eell in the brain. 


Cell body of Purkinje eell 

Purkinje eell axons projeet 
into the white matter of 

the cerebellum. 



Purkinje eells 


LM X 400 


2 


The eerebellar cortex has an outer moleenlar layer, a 
single layer of Pnrkinje eells, and an inner grannlar layer. 


This cortex is about one-fourth the thiekness of the eerebral 
cortex. The Purkinje (pur-KIN-jè) eells are highly branehed 
and ereate a layer of neuron eell bodies eaeh with a single 
axon. Most axons earrying sensory information to the 
eerebellnm do not synapse in the eerebellar nuclei but pass 
throngh the deeper layers of the eerebellnm on their way to 
the dendrites of Pnrkinje eells. Information about the motor 
eommands issued at the eonseions and subconscious levels 
reaehes the Pnrkinje eells, after being relayed by nuclei in the 
pons or by the eerebellar nuclei. The only axons that leave the 
eerebellar cortex are those of the Pnrkinje eells. 
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This sagittal seetion throngh the vermis shows the 
internal organization of the eerebellnm. The 


loeations of the eerebellar pednneles are also shown. 


Gerebellar Peduncles 


The three eerebellar peduncles 

{pedunculus, foot) on eaeh side 
eontain traets that link the eerebel- 
lum with the brain stem, cerebrum, 
and spinal eord.The middle and 
inferior peduncles earry most of the 
input to the cerebellum, and the 
superior peduncle earries most of 
the eerebellar output. 


Superior eerebellar peduncle 
Middle eerebellar peduncle 
Inferior eerebellar peduncle 


Midbrain 


Anterior lobe 




Medulla oblongata 


Spinal eord 


The white matter of the 
cerebellum forms a branehing 
array that in seetional view 
resembles a tree. Anatomists eall 
it the arbor vìtae, or "tree of life." 


Gerebellar nucleus 
Gerebellar cortex 
Posterior lobe 


ehoroid plexus of 
the fourth ventriele 


Lateral víew 


eomponents of the Cerebellum and Theír Functíons 

eomponent 

Functìon 

Gray Matter 

Gerebellar cortex 

lnvoluntary eoordination and eontrol of ongoing body movements 

Gerebellar nucleí 

lnvoluntary eoordination and eontrol ofongoing body movements 

Whìte Matter 

Arbor vìtae 

Gonneets eerebellar cortex and nuclei with eerebellar peduncles 

Gerebellar pedoneles 

Superior 

Linkthe cerebellum with midbrain, dieneephalon, and cerebrum 

Middle 

Gontain transverse fibers and earry communications between the cerebellum and pons 

Inferior 

Linkthe cerebellum with the medulla oblongata and spinal eord 

Transversefibers 

intereonneet nuclei in the pons with the eerebellar hemisphere on the opposite side 


The cerebellum ean be permanently damaged by trauma 
or stroke, or temporarily affeeted by drugs such as 
aleohol. The result is ataxia (a-TAK-sè-uh; ataxiaj laek 
of order), a disturbance in muscular eoordination. In 
severe ataxia, the individnal eannot sit or stand without 
assistanee. 

0)13.5 List the main eomponents of the cerebellum, , 
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Modyle 13.5 Revìew 


a. Identify the eomponents ofthe eerebellar gray 
matter. 

b. Deseribe the arbor vitae, including its makeup, 
loeation, and function. 

e. Deseribe ataxia. 


































































Module13.6 

j 


The midbraìn regulates audìtory and 
vìsual reflexes and eontrols alertness 


The midbrain is the most complex and integrative portion 
of the brain stem. Working independently or with the 
eerebellnm, the midbrain ean direet complex motor patterns 
at the subconscious level. It also influences the level of aetivity 
in the entire nervons system. 



This posterior view of the midbrain shows the major 
snperfieial landmarks as well as nnderlying nuclei. 



Posterior view of 
brain stem and 
dieneephalon 


Gorpora Quadrìgemìna 


Pineal gland 


The eorpora quadrìgemìna (KOR- 
por-uh qua-dri-JEI\/l-i-nuh) are two 
pairs of sensory nuclei loeated in the 
roof of the midbrain. 


Eaeh superìor collìculus (ko-LIK-u- 
lus; collìculus, hill) reeeives visual 
inputs from the thalamus and 
eontrols the reflex movements of the 
eyes, head, and neek in response to 


these visual stimuli (seeH below). 


Eaeh ìnferìor collículus reeeives 
auditory input from nuclei in the 
medulla oblongata and pons and 
eontrols reflex movements of the 
head, neek, and trunk in response to 
these auditory stimuli. 


Thalamus 



The retìcular aetìvatìng system (RAS) 

is a speeialized part of the reticular 
formation. Stimulation of the RAS makes 
you more alert and attentive; damage to 
the RAS produces unconsciousness. 


The red nucleus reeeives information from the 
cerebrum and cerebellum and issues subcon- 
scious motor eommands that affeet upper limb 
position and background muscletone. 


The substantìa nigra (Nì-gruh; nigra, blaek) 
eontains darkly pigmented eells that adjust 
aetivity in the basal nuclei of the cerebrum. 


The eerebral peduncles are nerve fiber 
bundles on the ventrolateral surfaces of the 
midbrain.They eontain (1) deseending fibers 
that reaeh the cerebellum by way of the pons 
and (2) deseending fibers that earry voluntary 
motor eommands issued by the eerebral 
hemispheres. 


2 


This superior view of a horizontal seetion through 
the midbrain shows the internal snbdivisions 


relative to the eerebral aqueduct. 



Inferior colliculus 
Superior colliculus 


Red nucleus 
Substantia nigra 

Gerebral peduncle 


Posterior 



Anterior 


The tectum, or roof of the 
midbrain, is the region posterior 
to the eerebral aqueduct. 


I 


Gerebral aqueduct 


The tegmentum is the area 
anterior to the eerebral 
aqueduct. 
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eomponents of the Midbrain and Their Fonetions 


Gomponent 

Regìon/Nucleì 

Functìon 

Gray Matter 

Tectum (roof) 

Superìor collìculì 

Integrate visual information with other sensory inputs; initiate reflex responses to 
visual stimuli 


Inferìor collículi 

Relay auditory information to medial geniculate nuclei; initiate reflex responses to 
auditory stimuli 

Walls and floor 

Red nucleí 

Provide subconscious eontrol of upper limb position and background muscle tone 


Substantia nigra 

Regulates aetivity in the basal nuclei 


Reticular formation (RAS 
headquarters) 

Proeesses ineoming sensations and outgoing motor eommands automatically; ean 
initiate involuntary motor responses to stimuli; helps maintain consciousness (RAS) 


Other nuclei/centers 

Are assoeiated with eranial nerves III and IV 

Whìte Matter 


Gerebral peduncles 

Gonneet primary motor cortex with motor neurons in brain and spinal eord; earry 
aseending sensory information to thalamus 


eranìal Nerves 
of Braìn Stem 



IV 


V 


VI 

VII 

VIII 

IX 

X 

XI 

XII 


nerve Ci 


nerve 


Ventral root 



Gerebral peduncle 

Superior colliculus 
Inferior colliculus 


Superior eerebellar peduncle 
Middle eerebellar peduncle 
Inferior eerebellar peduncle 


Medulla oblongata 


Spinal eord 


Lateral víew 


Dorsal root 



Medulla oblongata 


Spinal eord 


ehoroid plexus 
in roof of fourth 
ventriele 


Dorsal roots 
of spinal nerves 
Ciand C 2 


Posterior view 


3 


These views of the brain stem show the 
anatomy of the midbrain in relation to 


the brain stem as a whole. 


IVIodule 13.6 Revìew 


a. Identifythe sensory nuclei eontained within the 
eorpora quadrigennina. 

b. VVhieh area(s) of the midbrain eontrol(s) reflexive 
movements of the eyes, head, and neek? 

e. eranial nerves III to XII arisefrom which structure? 


13.6 List the main eomponents of the midbrain, 
and speeify the functions of eaeh. 
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Module13.7 

j 


The díeneephalon eonsìsts of the epithalamos, 
thalamus (left and ríght), and hypothalamus 


Epithalamus 



As seen in this sagittal seetion of the 
brain, the epíthalamus is the roof of 
the dieneephalon snperior to the third 
ventriele. The anterior portion of the 
epithalamns eontains an extensive area 
of ehoroid plexus that extends through 
the interventricular foramina. 


The anterior limit of the dieneephalon is 
marked by the anterìor commìssure, 
a traet that intereonneets the eerebral 
hemispheres, and the optie ehíasm, 
where the optie nerves eonneet to the 
brain. 


Thalamus 



Hypothalamus 

Thalamus 


Epithalamus 
— ehoroid plexus 


A projeetion of gray matter 
ealled an interthalamìe 
adhesion extends into the third 
ventriele from the thalamus on 
either side, although no fibers 
eross the midline. It is absent in 
about 20 pereent of human 
brains. 


The pineal gland lies in the 
posterior, inferior portion of the 
epithalamus. It is an endoerine 
structure that seeretes the 
hormone melatonin. Melatonin 
is important in the regulation of 
day-night eyeles and also in the 
regulation of reproductive 
functions. 


2 


On eaeh side of the brain, a thalamus 
sits snperior to the midbrain. The 


important landmarks in this lateral view 
ean be seen only after the eerebral 
hemispheres and eerebral pednneles 
have been removed. 


Optie ehiasm 


Optie traet 

Gerebral peduncle 

(midbrain) 



Lateral vìew of the 
left thalamus and mídbraín 


3 


The thalamns is the final relay point for 


aseending sensory information that will be 
relayed, or projeeted, to the eerebral cortex. The 
thalamns aets as a filter, passing on only a 
small portion of the arriving sensory 
information to the eerebral hemi- 
spheres. Eaeh region of the 
thalamns eontains nuclei or 
groups of nuclei that eonneet to 
speeifie regions of the eerebral 
cortex (see table at the upper right). 


The lateral genìculate (je-NIK-u-làt; genicula, little 
knee) nucleus of eaeh thalamus reeeives visual 
information over the optie traet and sends signals 
to both the midbrain and the oeeipital lobe of the 
eerebral hemisphere on that side. 


The medìal genìculate nucleus of eaeh thalamus 
relays auditory information from speeialized 
reeeptors of the inner ear to the appropriate area of 
the eerebral cortex. 




Pulvinar nucleus 


Left thalamus 


Medial geniculate 
nucleus 

Lateral geniculate 
nucleus 


Note: eolors indieate 
the assoeiated areas 
ofthe eerebral cortex 
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eomponents of theThalamus andTheir Functions 


Gomponent 

Functìon 

Anteríor group 

Part of the limbie system (Module 13.8) 

Medíal group 

Integrates sensory information for projeetion to the frontal lobes of the eerebral hemispheres 

Ventral group 

Projeets sensory information to the primary sensory cortex; relays information from the cerebellum 
and basal nuclei to the motor area of the eerebral cortex 

Posteríor group 

Pulvinar nuclei 

Integrate sensory information for projeetion to assoeiation areas of the eerebral cortex 

Lateral geniculate nuclei 

Projeet visual information to the visual cortex 

Medial geniculate nuclei 

Projeet auditory information to the auditory cortex 

Lateral group 

Integrates sensory information and influences emotional states 


Hypothalamus 


4 


The hypothalamus eontains important eontrol and integrative eenters that 
are shown in this sagittal seetion. Hypothalamie eenters may be stimnlated 
by (1) sensory information from the eerebrnm, brain stem, and spinal eord; 

(2) ehanges in the eomposition of the CSF and interstitial flnid; or (3) ehemieals 
in the eirenlating blood that rapidly enter the hypothalamns beeanse this region 
laeks a blood-brain barrier. 



Hypothalamìe Nucleì 


Autonomic eenters eontrol the eardiovas- 
cular and vasomotor eenters of the 
medulla oblongata. 


The preoptìe area is the body's thermo- 
stat. It regulates body temperature by 
eoordinated adjustments in blood flow 
and sweat gland aetivity. 


The suprachìasmatìc nucleus 

eoordinates day-night eyeles of 
aetivity/inaetivity. 


Hormonal eenters seerete ehemieal 
messengers that eontrol endoerine eells 
of the anterior pituitary gland and 
seerete two hormones into the circula- 
tion at the posterior pituitary gland. 


A narrow stalk ealled the ínfunclìbulum 
(in-fun-DIB-u-lum; ìnfundibulum, funnel) 
extends inferiorly, eonneeting the floor of 
the hypothalamus to the pituitary gland. 






Anterior 

pituitary 

gland 

Posterior 

pituitary 

gland 

The mammìllary bodìes 

eontrol feeding reflexes such 

as lieking and swallowing. 


Modyle 13.7 Revìew 


a. Namethemain 
eomponents ofthe 
dieneephalon. 

b. Damagetothe lateral 
geniculate nuclei of the 
thalamus would interfere 
with what particular 
function? 

e. VVhieh eomponent ofthe 
dieneephalon is stimulated 
byehanges in body 
temperature? 


13.7 List the main eomponents of the dieneephalon, 
and speeify the functions of eaeh. 
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Module13.8 

j 


The lìmbie system ìs a functíonal 
group of traets and nucleí loeated 
ín the cerebrum and dìeneephalon 


The limbie system (limbns, border) includes nuclei and traets along 
the border between the eerebrnm and dieneephalon. This system is a 
fnnetional gronping rather than an anatomieal one. Fnnetions of the 
limbie system inelnde (1) establishing emotional states; (2) linking 
the eonseions, intelleetnal fnnetions of the eerebral cortex with the 
unconscious and antonomie fnnetions of the brain stem; (3) faeilitating 
memory storage and retrieval; and (4) aífeeting motivation. 



This diagrammatie sagittal 
seetion shows the position 
and orientation of the major 
eomponents of the limbie system. 


Corpus 

eallosym 


Gentral 

sulcus 


Fornix 


Pineal 

gland 



eomponents of the Limbìe 
System ín the Dìeneephalon 



Anterior group of 
thalamie nuclei 

Hypothalamus 
Mammillary body 


Temporal 
lobe of 
cerebrum 


Gomponents of the Limbíe 
System in the Cerebrum 

The region of the eerebral 
hemisphere shown in green 
is known as the limbie lobe. 


Cingulate gyrus 

(superior portion of 
limbie lobe) 


Parahippoeampal 
gyrus (inferior portion 
of limbie lobe) 


Hippocampus (see 
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The speeifie functions of important 
limbie system eomponents and nuclei 


are indieated in this seetional view. 


The anterior group of thalannie 
nuclei relays information from the 
mammillary body (of the 
hypothalamus) to the cingulate 
gyrus on that side. 


Hypothalamie nuclei 


Olfaetory traet 


The amygdaloìd (ah-MIG-da-loyd; 
amygdale, almond) body, or 
amygdala, of the limbie lobe 
appears to aet as an interfaee 
among the limbie system, the 
cerebrum, and various sensory 
systems. It plays a role in the 
regulation of heart rate, in the 
eontrol of theTight orflight" 
response, and in linking emotions 
with speeifie memories. 


Cingulate 

gyrus 


Corpus 

callosum 



The fornìx (FOR-niks, areh) is a traet of 
white matter that eonneets the hippo- 
campus with the hypothalamus. 


Parahippoeampal 

gyrus 


The híppocampus is an elongated 
nucleus whose shape reminded early 
anatomists of a sea horse 
{hippoeampas). It is important in 
learning, espeeially in the storage and 
retrieval of long-term memories. 


Mammillary body 


The boundaries between the 
hypothalamie nuclei of the limbie 
system are often poorly defined, 
but experimental stimulation has 
identified a number of important 
hypothalamie eenters responsible 
for the emotions of rage, fear, pain, 
sexual arousal, and pleasure.The 
stimulation of speeifie regions of 
the hypothalamus ean also 
produce heightened alertness and 
generalized excitement, or 
generalized lethargy and sleep. 
These responses are caused by the 
stimulation or inhibition of the 
reticularformation. 


Whereas the sensory cortex, motor cortex, and assoeiation 
areas of the eerebral cortex enable you to perform complex 
tasks, it is largely the limbie system that makes you want to 
do them. For this reason, the limbie system is also known as 
the motivational system. 


IVIodule 13.8 Revìew 


a. List the primary functions ofthe limbie system. 

b. VVhieh region of the limbie system is particularly 
important for the storage and retrieval of long- 
term memories? 

e. VVhat are some functions of the amygdaloid body? 


13.8 Identify the main eomponents of the limbie system, 
and speeify the loeations and functions of eaeh. 
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Module13.9 

j 


The basal nucleí of the cerebrum acljust 
and refine ongoìng voluntary movements 


The basal nuclei are masses of gray matter that lie within eaeh 
eerebral hemisphere deep to the floor of the lateral ventriele. The 
basal nnelei provide snbeonseions eontrol of skeletal mnsele tone 
and help eoordinate learned movement patterns. IJnder normal 
eonditions, these nnelei do not initiate partienlar movements. 
But onee a movement is under way, the basal nuclei provide the 
general pattern and rhythm, espeeially for movements of the 
trunk and proximal limb mnseles. 



The basal nuclei eonsist of the caudate 
nucleus and the lentiform (lens-shaped) 
nucleus. The lentiform nucleus is snbdivided into 
a medial globus pallidus (GLO-bus PAL-i-dus; 
pale globe) and a lateral putamen (pu-TÀ-men). 
The axon bundles that link the eerebral cortex to 
the dieneephalon and brain stem pass between 
and around the basal nuclei. Together these fibers 
form the internal eapsnle of the eerebrnm. 


Caudate nucleus 

Internal capsule 

Putamen 
Thalamus 
ehoroid plexus 


Third ventriele 


Lateral ventriele 


Head of 
caudate 
nucleus 


Lentiform 

nucleus 


Amygdaloid 



Pineal gland 



Tail of caudate 
nucleus 



Fornix 


Superior view of two transverse seetions 

at different levels, disseeted 


Thalamus 


Lateral view 


Lateral ventriele 


Corpus callosum 


Basal Nucleì 


Caudate nucleus 


Lentiform 

nucleus 


Putamen 


Globus 

pallidus 


Amygdaloid body 



Septum pellucidum 


Internal capsule 
Claustrum 
Lateral sulcus 


Anterior 

commissure 


Tip of lateral 
ventriele 


Frontal seetion 
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This diagram indieates the roles of the basal 
nnelei in modifying ongoing movements. 



BRAIN 


GEREBRAL CORTEX 

Sensory Areas 

Motor Areas 

Information on body position 

Subconscious adjustment 

and the output of motor areas 

and modifieation of voluntary 

of the eerebral cortex 

motor eommands 


_ 



indireet nnodifieation 
of movement by 
output to the eerebral 
cortex after synapsing 
in the thalamus 



Caudate 

nucleus 


BASAL NUCLEI 



, • 3 • 



Globus 


Putamen 


r f, 

[■ i,. i' • 


pallídus 



Proeessing and integration 
vvithin the basal nuclei 


- 

Direet eontrol over movements 
through stimulation of motor nuclei 
(the red nucleus, the superior and 
inferior colliculi, and the reticular 
formation) in the brain stem 


REGEPTORS 

Sensory input from 
various somatie 
sensory reeeptors 



Subconscious adjustments in 
muscle tone and limb position to 
faeilitate ongoing movements 

Example: 

When you vvalk, the basal nuclei 
eontrol the eyeles of arm and thigh 
movements that occur betvveen the 
timeyou deeide to"start"vvalking 
and the timeyou give the"stop" 
order. 


V 

Voluntary skeletal muscle 
movement 

Example: 

As you begin a voluntary move- 
ment, the basal nuclei eontrol and 
adjust muscle tone, particularly in 
the appendicular muscles, to set 
your body position. When you 
deeide to piek up a peneil, you 
consciously reaeh and grasp vvith 
your forearm, vvrist, and hand vvhile 
the basal nuclei operate at the 
subconscious level to position your 
shoulder and stabilize your arm. 


IVIodule 13.9 Revìew 


a. Define the basal nuclei. 

b. Describethecaudate 
nucleus. 

e. What elinieal signs 
vvould you expect to 
observe in a person vvho 
has damage to the basal 
nuclei? 


13.9 Deseribe the structure and function 
of the basal nuclei of the cerebrum. 
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Module 13.10 



Superficial landmarks dívíde the 

eerebral hemíspheres ínto lobes 

The eerebral hemispheres eonsist of the eerebral cortex and its 
assoeiated fiber system together with the deeper-lying snbeortieal 
nnelei. Eaeh eerebral hemisphere ean be divided into regions ealled lobes. 
Your brain has a unique pattern of sulci and gyri, as individnal as a finger- 
print, but the boundaries between lobes are reliable landmarks. Lobes on 
the external snrfaees are named after the overlying bones of the skull. 



The preeentral gyrus, anterior 
to the eentral sulcus, eontains 
the primary motor cortex. 
Motor neurons eontrol 
voluntary movements. 


On eaeh hemisphere, the eentral 
sulcus, a deep groove, divides 
the anterior frontal lobe from 
the more posterior parìetal lobe. 


Frontal lobe 


The nearly horizontal 

lateral sulcus separates 
the frontal lobe from 

the temporal lobe. 


2 


Retraeting the snperfieial 


eerebral cortex along the 
lateral sulcus exposes the insula. 


Medulla oblongata 



The posteentral gyrus, posterior 
to the eentral sulcus, eontains the 
primary sensory cortex that 
reeeives sensory information that 
reaehes our conscious awareness. 



Parietal lobe 


Oeeipital lobe 


Temporal lobe 


Cerebellum 


The ìnsula (IN-su-luh; 
insula, island), an 
"island"of cortex, lies 
medial to the lateral 
sulcus. 



Lateral víew, eadaver braín 
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This midsagittal view indieates the inner bonndaries of the 
lobes and highlights the way the eerebral hemispheres eover the 


rest of the brain. For elarity, strnetnres and regions ontside of the 
eerebrnm are labeled with gray lettering. 


Frontal lobe 


Corpus callosum 


Thalamus 


Hypothalamus 


Optie ehiasm 


Preeentral gyrus 


Gentral sulcus 


Posteentral gyrus 


Limbie lobe 



Temporal lobe 


Mammillary body 


Medulla oblongata 


Parietal lobe 


The parìeto-oeeìpìtal sulcus 

visible on the medial surface 
separates the parietal lobe 
from the oeeìpìtal lobe. 


Oeeipital lobe 
Pineal gland 

Gorpora quadrigemina 

Gerebral aqueduct 

Fourth ventriele 


Cerebellum 


It’s important to remember the following general faets about 

the eerebral hemispheres: 

♦ Eaeh eerebral hemisphere reeeives sensory information from, 
and sends motor eommands to, the opposite side of the body. 
Thus the motor areas of the left eerebral hemisphere eontrol 
mnseles on the right side, and motor areas of the right eere- 
bral hemisphere eontrol mnseles on the left side. This eross- 
ing over, which occurs in the brain stem and spinal eord, has 
no known fnnetional signifieanee. 

♦ Even though the two hemispheres may look identieal and 
have many similar fnnetions, important differenees exist. 

♦ The eorrespondenee between a speeifie fnnetion and a 
speeifie region of the eerebral hemisphere is impreeise. The 
bonndaries are not distinet and have eonsiderable overlap, 
and some eortieal fnnetions, such as consciousness, eannot 
easily be assigned to any single region. However, we know 
that normal individnals use all portions of the brain. 



Mídsagíttal seetíon, eadaver braìn 


IVIodule 13.10 Revìew 


a. Identify the lobes ofthe eerebrom, and 
indieate the basis for their names. 

b. Deseribethe insula. 

e. What effeet would damagetothe left 
posteentral gyrus produce? 


13.10 Identify the major superficial landmarks 
of the cerebrum, and eite the loeation of eaeh. 


Seetion 1: Functional Anatomy ofthe Brain and Granial Nerves • 481 
































Module 13.11 



The lobes of the eerebral cortex 
have regìons with speeífìe fonetions 



The eerebral cortex is divided into six fnnetional eategories. The primary motor cortex issnes 
volnntary eommands to skeletal mnseles, and the primary sensory cortex reeeives general somatie 
sensory information. The speeial senses of sight, sonnd, smell, and taste reaeh other portions of the 
eerebral cortex. Eaeh sensory and motor region of the cortex is eonneeted to a nearby assoeiation area. 
Assoeiation areas are regions of the cortex that interpret ineoming data or eoordinate a motor response. 



Gentral sulcus 


Parìetal lobe 


Oeelpltal 

lobe 


Frontal 

lobe 


Lateral sulcus 


Temporal lobe 


Sensory Cortex 

Neurons in the primary sensory 
cortex reeeive somatie sensory 
information from reeeptors for 
touch, pressure, pain, vibration, 
or temperature. 

The somatle sensory assoela- 
tion area monitors aetivity in the 
primary sensory cortex. It allovvs 
you to reeognize a light touch, 
such as a mosquito landing on 
your arm. 


Vlsual Cortex 

The primary visual cortex 

reeeives information from the 
lateral geniculate nuclei. 

The visual assoeìatìon area 

monitors the patterns of aetivity 
in the visual cortex and interprets 
the results. When you see the 
symbols e, a, and r, your visual 
assoeiation area reeognizes that 
they form the vvord "ear." 


Motor Cortex 

Neurons of the primary motor 
cortex are ealled pyramidal eells, 
because their eell bodies resemble 
little pyramids. 

The somatìe motor assoeìatìon 
area is responsible for the eoordi- 
nation of learned movements. 


Audìtory Cortex 

The primary audìtory cortex is responsible 
for monitoring auditory (sound) information. 

The audìtory assoeìatìon area monitors 
sensory aetivity in the auditory cortex and 
reeognizes sounds, such as spoken vvords. 


Gustatory Cortex 

The gustatory cortex of the 

insula reeeives information 
from taste reeeptors. 


Olfaetory Cortex 

The olfaetory cortex reeeives 
sensory information from the 
olfaetory reeeptors. 



The frontal eye field eontrols 
learned eye movements, such as 
vvhen you sean these lines of text. 


The general ìnterpretive area, 

or Wernicke's area, reeeives 
information from all the sensory 
assoeiation areas.This analytieal 
eenter is present in only one 
hemisphere (typieally the left). 
This region plays an essential role 
in your personality by integrating 
sensory information and 
eoordinating aeeess to complex 
visual and auditory memories. 


The speeeh eenter, also ealled Broea's area or 
the motor speeeh area, lies in the same 
hemisphere as the general interpretive area. 
The speeeh eenter regulates the patterns of 
breathing and voealization needed for 
normal speeeh. 


The prefrontal cortex eoordinates informa- 
tion relayed from the assoeiation areas of the 
cortex. In the proeess, it performs abstraet 
intellectual functions such as predieting the 
consequences of events or aetions. 


Integrative eenters eoneerned with complex proeesses, such 


as speeeh, writing, mathematies, and understanding spatial 
relationships, are restrieted to either the left or the right hemisphere. 


482 • ehapter 13: The Brain, Granial Nerves, and Sensory and Motor Pathways 




































































3 


Eaeh of the two eerebral hemispheres is responsible for speeifie 
fnnetions that are not ordinarily performed by the opposite hemisphere. 


This regional speeialization is ealled hemispherie lateralization. 



In nnost people, the left hennisphere eontains the general interpretive 
and speeeh eenters and is responsible for language-based skills. 
Reading, writing, and speaking, for exannple, depend on proeessing 
done in the left eerebral hemisphere. In addition, the premotor 
cortex that eontrols hand movements is larger on the left side for 
right-handed people than for left-handed people.The left 
hemisphere is also important for analytieal tasks, such as 
mathematies and logie. 


The right eerebral hemisphere analyzes sensory information and 
relates the body to the sensory environment. Interpretive eenters in 
this hemisphere enable you to identify familiar objeets by touch, 
smell, sight, taste, or feel. For example, the right hemisphere plays 
a dominant role in reeognizing faees and in understanding 
three-dimensional relationships. It is also important in analyzing 
the emotional context of a eonversation—for instanee, distinguish- 
ing between the threat"Get lost!"and the question "Get lost?" 


LEFTHAND 


Speeeh eenter 


Auditory cortex 

(right ear) 


General interpretive eenter 
(language and mathematieal 

calculation) 


Visual cortex 
(right visual field) 



RIGHTHAND 


Anterior commissure 


VVriting 


Analysis by touch 


Auditory cortex 
(left ear) 


Spatial visualization 
and analysis 


Visual cortex 
(left visual field) 


Left-handed people represent abont 9 pereent of the hnman popnla- 
tion. Althongh in most eases the primary motor cortex of the right 
hemisphere eontrols motor fnnetion for the dominant left hand, the 
eenters involved with speeeh and analytieal fnnetion are in the left 
hemisphere. Interestingly, an unusually high pereentage of mnsieians 
and artists are left-handed, and the primary motor cortex and assoeia- 
tion areas on the right eerebral hemisphere are near the assoeiation 
areas involved with spatial visnalization and emotions. 


Modyle 13.11 Revìew 


a. VVhere is the primary motor cortex loeated? 

b. VVhieh senses are affeeted by damage to 
thetemporal lobes? 

e. VVhieh brain region has been affeeted in a 
stroke vietim who is unable to speak? 


13.11 Identify the loeations of the motor, sensory, and assoeiation 
areas ofthe eerebral cortex, and discuss thefunctions of eaeh. 
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Module 13.12 



VVhite matter eonneets the eerebral hemispheres 

and the lobes of eaeh hemìsphere, and lìnks the 
eerebrom to the rest of the braín 


The interior of the eerebral hemispheres eonsists primarily of white 
matter (myelinated axons or fibers) organized into gronps that share 
eommon fnnetions. 


Assoeiation fibers intereonneet 
areas of nenral cortex within 
a single eerebral hemisphere. 




2 


Gommissnral (kom-i-SlJR-al; eommissnra, erossing over) 
fibers eonneet the eerebral hemispheres. Projeetion fibers link 


the eerebral cortex to the dieneephalon, brain stem, eerebellnm, and 
spinal eord. All projeetion fibers must pass through the dieneephalon, 
where axons heading to sensory areas of the eerebral cortex pass 
among the axons deseending from motor areas of the cortex. 

In gross disseetion, the aseending fibers and deseending 
fibers look alike, and the entire mass is known as the 
internal eapsnle. 


Lateral vìew 


Projeetion fibers of 
internal capsule 


Longitudinal 



Anterior view 


The shortest assoeiation fibers are 
ealled arcuate (AR-ku-àt) fìbers, 
because they curve in an are to 
pass from one gyrus to another. 


Longer assoeiation fibers are 
organized into diserete bundles, 
or fasciculi.The longìtudìnal 
fascículí eonneet the frontal lobe 
to the other lobes of the same 
eerebral hemisphere. 


The corpus callosum is the most important 
band of commissural fibers because it allows 
communication and eoordination between 
the left and right eerebral hemispheres. It 
eontains more than 200 million axons earrying 
some 4 billion impulses per seeond. 


The anterìor commìssure is a smaller traet of 
commissural fibers that provides another 
route for communication between the 
eerebral hemispheres. Its importanee 
inereases if the corpus callosum is damaged. 


Moclule 13.12 Revìevv 


a. What speeial names are given to axons in the 
white matter of the eerebral hemispheres? 

b. What is the function ofthe longitudinal 
fasciculi? 

e. What are fibers earrying information between 
the brain and spinal eord ealled, and through 
which brain regions do they pass? 
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(S) 13.12 Discuss the signifieanee of the white 
matter of the eerebral hemispheres. 
























Module 13.13 


+ 


CLINICAL MODULE 



Braìn aetìvìty ean be monitored using external eleetrodes; 
the reeord is ealled an eleetroeneephalogram, or EEG 


Neural function depends on eleetrieal impnlses, and the brain 
eontains billions of nenrons and the axons of the eentral white 
matter. The aetivity under way at any given moment generates an eleetri- 
eal field that ean be measnred by plaeing eleetrodes on the sealp. The 
eleetrieal aetivity ehanges eonstantly, as nuclei and eortieal areas are 
stimnlated or quieted down. A printed report of the eleetrieal aetivity of 
the brain is ealled an eleetroeneephalogram (EEG). The eleetrieal 
patterns observed are ealled brain waves. 


Alpha waves occur in the brains of healthy, 
awake adults who are resting with their eyes 
elosed. Alpha waves disappear during sleep, 
but they also vanish when the individual 
begins to eoneentrate on some speeifie task. 






0 Seeonds 


Beta waves are higher-frequency waves 
that appear in people who are either 
eoneentrating on a task, under stress, or in a 
state of psyehologieal tension. 

Theta waves may appear transiently during 
sleep in normal adults but are most often 
observed in ehildren and in intensely frus- 
trated adults.The presenee of theta waves 
under other circumstances may indieate 
the presenee of a brain disorder, such as a 
tumor. 

Delta waves are large-amplitude, low- 
frequency waves.They are normally seen 
during deep sleep in people of all ages. 
Delta waves are also seen in the brains of 
infants (in whom eortieal development is 
still ineomplete) and in awake adults when 
a tumor, vascular bloekage, or inflammation 
has damaged portions of the brain. 


Eleetrieal aetivity in the two hemispheres is generally synehronized by a 
“paeemaker” meehanism that seems to involve the thalamus. Asynehrony 
between the hemispheres ean therefore indieate loealized damage or other 
eerebral abnormalities. A tumor or injury affeeting one hemisphere, for 
example, typieally ehanges the pattern in that hemisphere, and the patterns 
of the two hemispheres are no longer aligned. A seizure is a temporary 
eerebral disorder aeeompanied by abnormal movements, unusual sensations, 
inappropriate behavior, or some eombination of these signs and symptoms. 
eiinieal eonditions eharaeterized by seiznres are known as seiznre disorders, 
or epilepsies. Seiznres of all kinds are aeeompanied by a marked ehange in 
the pattern of eleetrieal aetivity reeorded in an EEG. The ehange begins in 
one portion of the eerebral cortex but may spread aeross the entire eortieal 
snrfaee, like a wave on the snrfaee of a pond. 


l\/lodule 13.13 Revìew 


a. Define eleetroeneephalogram (EEG). 

b. Name and describethefour wave 
types assoeiated with an EEG. 

e. Differentiate between a seizure and 
epilepsy. 


13.13 Discuss the origin and signifieanee of the major eategories 
of brain waves seen in an eleetroeneephalogram (EEG). 
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Module 13.14 



The tvvelve pairs of eranial nerves are elassified 
as sensory, speeial sensory, motor, or mixed nerves 



Motor nerve 
to muscles of 
mastieation 


Ophthalmie braneh 
Maxillary braneh 


Mandibular braneh 


Trìgemìnal 
nerve (V) 


Faeíal nerve (VII) 


Vestìbulocochlear nerve (VIII) 


Goehlear braneh 


Superior ganglion (IX) 


Vestibular braneh 


Glossopharyngeal 
nerve (IX) 


Inferior ganglion (IX) 
Superior ganglion (X) 

Inferior ganglion (X) 


Vagus- 
nerve (X) 


Aeeessory 
nerve (XI) 


Sensory nerve to 
posterior tongue 


Optìe nerve (II) 


Abducens nerve (VI) 


Oculomotor nerve (III) 


Troehlear nerve (IV) 


Olfaetory nerve (I) 


Olfaetory bulb 


Olfaetory traet 


Motor nerve 
to faeial muscles 


Sensory nerve to 
tongue and soft palate 


Pituitary gland 

Semilunar 
ganglion (V) 

Pons 


Geniculate — 
ganglion (VII) 

Medulla 
oblongata 


Hypoglossal 
nerve (XII) 


■ 1 * 





Motor nerve to 
pharyngeal muscles 


To tongue 
muscles 


KEY 


Sensory nerves 
Motor nerves 


To sternoeleidomastoid 
and trapezius muscles 
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Branehes and Functions of Granial Nerves 


Granìal Nerve 
(Number) 

Sensory 

Ganglìon 

Braneh 

Prlmary 

Functlon 

Foramen 

Innervatlon 

Olfaetory (1) 



Speeial sensory 

Olfaetory 
foramina of 
ethmoid 

Olfaetory epithelium 

Optíe (II) 



Speeial sensory 

Optie eanal 

Retina of eye 

Oculomotor (III) 



Motor 

Superior orbital 
fìssure 

Inferior, medial, superior rectus, inferior 
oblique, and levator palpebrae superioris 
muscles; intrinsie eye muscles 

Troehlear (IV) 



Motor 

Superior orbital 
fìssure 

Superior oblique muscle 

Trígemínal (V) 

Semilunar 


Mixed 

Superior orbital 
fìssure 

Areas assoeiated with the jaws 



Ophthalmie 

Sensory 

Superior orbital 
fìssure 

Orbital structures, nasal eavity, skin of 
forehead, upper eyelid, eyebrows, and 
part of nose 



l\/laxillary 

Sensory 

Foramen 

rotundum 

Lower eyelid; superior lip, gums, and 
teeth; eheek, part of nose, palate, and 
part of pharynx 



l\/landibular 

Mixed 

Foramen ovale 

Sensory: inferior gums, teeth, lips, part 
of palate, and part of tongue 

Motor: muscles of mastieation 

Abducens (VI) 



Motor 

Superior orbital 
fìssure 

Lateral rectus muscle 

Faeíal (VII) 

Geniculate 


Mixed 

Internal acoustic 
meatus to faeial 
eanal; exits at 
stylomastoid 
foramen 

Sensory: taste reeeptors on anterior two- 
thirds of tongue 

Motor: muscles of faeial expression, 
laerimal gland, submandibular gland, 
and sublingual salivary glands 

Vestíbulocochlear 
(Acoustíc) (VIII) 


Goehlear 

\/estibular 

Speeial sensory 

Internal acoustic 
meatus 

Goehlea (reeeptors for hearing) 

\/estibule (reeeptors for motion and 
balanee) 

Glossopharyngeal 

(IX) 

Superior and 
inferior 


Mixed 

Jugular foramen 

Sensory: posterior third oftongue; 
pharynx and part of palate; reeeptors for 
blood pressure, pH, oxygen, and earbon 
dioxide eoneentrations 

Motor: pharyngeal muscles and parotid 
salivary gland 

Vagus (X) 

Superior and 
inferior 


Mixed 

Jugular foramen 

Sensory: pharynx; auricle and external 
acoustic eanal; diaphragm; viseeral 
organs in thoraeie and abdominopelvie 
eavities 

Motor: palatal and pharyngeal muscles 
and viseeral organs in thoraeie and 
abdominopelvie eavities 

Aeeessory (XI) 


Internal 

Motor 

Jugular foramen 

Skeletal muscles of palate, pharynx, and 
larynx (with vagus nerve) 



External 

Motor 

Jugular foramen 

Sternoeleidomastoid and trapezius 
muscles 

Hypoglossal (XII) 



Motor 

Hypoglossal eanal 

Tongue musculature 


Two useful mnemonies for remembering the names of the eranial 
nerves in order are ''Oh Oh Oh, To Touch And Feel Very Green 
Vegetables, Ah Heaven!” and “Oh, Onee One Takes The Anatomy 
Final, Very Good Vaeations Are Heavenly!” 


Module 13.14 Revìew 


a. Identify the eranial nerves by name and number. 

b. VVhieh eranial nerves have motor functions only? 
e. VVhieh eranial nerves are mixed nerves? 


13.14 Identify the eranial nerves by name and 
number, and eite the functions of eaeh. 
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Labelìng 


Label the structures in the aeeompanying 
figure of a lateral view of the human brain. 






9 



10 


11 


Identify the eranial nerves in the aeeompanying figure, and indieate the function of 
eaeh: IVl = motor, S = sensory, or B = both motor and sensory. 


12 



13 



14 

Om Os Ob 

15 

Om Os Ob 

16 

Om Os Ob 

17 

Om Os Ob 



18 



Lli 

OM 

Os 

OB 

20 

OM 

Os 

OB 


OM 

OS 

OB 

22 

OM 

OS 

OB 

23 

OM 

Os 

OB 


Voeabnlary 


VVrite the term for eaeh of the following deseriptions in the spaee provided. 


24 


25 


26 


27 


28 


Forms the walls of the dieneephalon 

The shortest assoeiation fibers in the CNS white matter 

The traet of white matter that eonneets the hippocampus with the hypothalamus 
The fibers that permit communication between the two eerebral hemispheres 
The nuclei made up of the caudate nucleus and the lentiform nucleus 


24 

25 

26 

27 

28 


Seetìon ìntegratìon 

Smelling salts may restore consciousness after a person has fainted. 
The aetive ingredient of smelling salts is ammonia, and it aets by 
irritating the lining of the nasal eavity. Propose a meehanism by 
which smelling salts would raise a person from the unconscious state 
to the conscious state. 
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Module 13.15 


SEGTION 2 • Sensory and Motor Pathvvays 



Sensatìons earrìed by sensory pathvvays to the CNS 
begin wíth transductíon at a sensory reeeptor 


Sensory reeeptors are speeialized eells or eell proeesses that inform your eentral 
nervous system about eonditions inside or ontside the body. The term general 
senses is used to deseribe our sensitivity to temperatnre, pain, touch, pressure, 
vibration, and proprioeeption. General sensory reeeptors are distribnted 
throughout the body, and they are relatively simple in structure. Sensory 
pathways begin at peripheral reeeptors and end within the CNS, often at the 
dieneephalon and/or eerebral hemispheres. Much of the information earried by 
a sensory pathway never reaehes the primary sensory cortex and our awareness. 
The information earried by a sensory pathway is ealled a sensation, and the 
eonseions awareness of a sensation is ealled a pereeption. 



The area monitored by a single reeeptor eell is its reeeptive field. The larger the 
reeeptive field, the poorer your ability to loealize a stimulus. A touch reeeptor 
on the general body snrfaee, for example, may have a reeeptive field 7 em (2.5 in.) in 
diameter. As a result, you ean deseribe a light touch there as affeeting only a general 
area, not an exact spot. On the tongue or fingertips, where the reeeptive fields are less 
than a millimeter in diameter, you ean be very preeise about the loeation of a stimulus. 


Reeeptive Reeeptive 
field 1 field 2 



2 


This diagram presents the basie 
events that occur along sensory 


and motor pathways. 


Arriving 

stinnulus 



Depolarìzatìon 
of Reeeptor 



The proeess begins when a 
physieal or ehemieal 
stimulus results in a graded 
ehange in the membrane 
potential of a reeeptor eell. 
The eonversion of a 
stimulus to a ehange in 
membrane potential is 
ealled transductìon.^ 


Sensory Pathway 



Aetìon Potentìal 
Generatìon 



If the stimulus depolar- 
izes the reeeptor eell to 
threshold, aetion 
potentials develop in the 
initial segment.The 
greater the degree of 
sustained depolarization, 
the higher the frequency 
of aetion potentials. 


Immedìate lnvoluntary Response 


Proeessing eenters in the spinal eord or brain stem 
may direet an immediate reflex response even 
before sensations reaeh the eerebral cortex. 




Propagatíon over 
Labeled Líne 





A labeled line eonsists of axons earrying 
information about one type of stimulus 
(touch, pressure, temperature).The CNS 
interprets the stimulus aeeording to the 
nature of the axon over which it arrives. 
That's why you see lights when you 
bump your eyes—the stimulated 
reeeptor sends information over axons 
that normally earry visual information. 



Motor Pathway 
(involuntary) 


CNS 

Proeessing 



Information 
proeessing occurs 
at every synapse 
along the labeled 
line.The line may 
braneh repeatedly, 
distributing the 
sensory informa- 
tion to multiple 
nuclei and eenters 
in the spinal eord 
and brain. 



*Note: A transducer is a deviee that eonverts a physieal signal into an 
eleetrieal signal, or the reverse. For example, a digital seale has a transducer 
that eonverts a foree into an eleetrieal signal proportional to the applied foree. 


b. Relate reeeptive field size to loealization. 
e. Outlinethesensory pathway. 


13.15 Deseribe the basie events that occur along a sensory pathway, 
and explain the differenee between a sensation and a pereeption. 
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Module 13.16 


r 


Reeeptors for the general 
senses are elassífìed by functíon 



The simplest reeeptors are the dendrites of sensory nenrons. As shown at the right, 
the branehing tips of these dendrites, ealled free nerve endings, are not proteeted 
by aeeessory strnetnres. Free nerve endings extend throngh a tissne the way grass roots 
extend into the soil. They ean be stimnlated by many different stimnli and therefore 
exhibit little reeeptor speeifieity. For example, free nerve endings that respond to tissne 
damage by providing pain sensations may be stimnlated by ehemieal stimnlation, 
pressnre, temperatnre ehanges, or tranma. The sensitivity and speeifieity of a free nerve 
ending may be altered by its loeation, the presenee of aeeessory strnetnres, or both. 



As shown in this eoneept map, general sensory reeeptors ean 
be elassified aeeording to the natnre of the primary stimnlns. 



Free 

nerve 

endings 


A Functional eiassifkatíon of General Sensory Reeeptors 




Noeìeeptors 

Noeìeeptors are paín 
reeeptors. 

They are 
free nerve 
endings 
with large 
reeeptive 
fields and broad sensitivity. 
Two types of axons—^Type A 
and Type C fibers—earry 
pain sensations.Type A 
fibers propagate aetion 
potentialsfaster and 
respond to weaker intensity 
stimuli than do C fibers. 




Thermoreeeptors 

Thermoreeeptors, or 

temperature 
reeeptors, are free 
nerve endings loea- 
ted in the dermis, in 
skeletal muscles, in 
the liver, and in the 
hypothalamus. Cold 
reeeptors are three or 
fourtimes more numer- 
ous than warm reeeptors. 
No structural differenees 
between warm and eold 
thermoreeeptors have 
been identified. 







ehemoreeeptors 

1 Meehanoreeeptors 

ehemoreeeptors 

respond to i 

water-soluble L m 

and lipid-soluble 
substances that 
are dissolved in ' 

body fluids (interstitial 
fluid, blood, and CSF). 


Meehanoreeeptors are 

to stimLjli 

plasma 

membranes. These 
membranes eontain 
meehanieally gated ion 
ehannels whose gates 
open or elose in response 
to stretehing, eompression, 
twisting, or other distor- 
tions of the membrane. 


V 



Myelinated Type A fìbers 

earry sensations of fast pain, 
or priekling pain. An injeetion 
or a deep cut produces this 
type of pain. These sensations 
quickly reaeh the CNS, where 
they often trigger somatie 
reflexes.They are also relayed 
to the primary sensory cortex 
and so reeeive conscious 
attention. In most eases, the 
arriving information permits 
the stimulus to be loealized to 
an area several eentimeters in 
diameter. 


Slower, unmyelinated 
Type e fìbers earry 
sensations of slow 
pain, or burning and 
aehing pain.These 
sensations cause a 
generalized aetiva- 
tion of the reticular 
formation and 
thalamus.The person 
beeomes aware of 
the pain but has only 
a general idea of the 
area affeeted. 


Proprioeeptors 

Baroreeeptors 

Taetìle reeeptors provide the 

monitorthe 

(bar-ó-rè-SEP-torz; 

sensations of touch, pressure, and 

positions of joints 

baro-, pressure) 

vibration.Touch sensations 

and muscles.They 

deteet pressure 

provide information about shape 

are the most 

ehanges in the 

or texture, whereas pressure 

structurally and 

walls of blood 

sensations indieate the degree 

functionally 

vessels and in 

and frequency of meehanieal 

complex of the 

portions of the 

distortion. Extremely sensitive 

general sensory 

digestive. 

fìne touch and pressure 

reeeptors. One 

respiratory, and 

reeeptors provide detailed 

example is the 
muscle spindle, 
discussed in 

Module 12.12. 

urinary traets. 

information about a stimulation, 
whereas crude touch and 
pressure reeeptors provide poor 
loealization and give little 
information. 
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Reeeptors ean also be eategorized based on the 
natnre of their response to stimnlation. 



Stimulus 


Frequency 
of aetion 
potentials 



Stimulus 


Frequency 
of aetion 
potentials 



Tonie reeeptors are alvvays aetive and generate aetion 
potentials at a frequency that refleets the background level of 
stimulation. VVhen the stimulus inereases or deereases, the rate 
of aetion potential generation ehanges aeeordingly. 


Phasie reeeptors are normally inaetive, but beeome 
aetive for a short time in response to a ehange in the 
eonditions they are monitoring. 


4 


A reduction in sensitivity in the presenee of a eonstant 


stimulus is ealled adaptatíon. You seldom notiee the 
rnmble of the tires when you ride in a ear, or the baekgronnd 
noise of the air eonditioner, beeanse your nervous system 
quickly adapts to stimuli that are painless and eonstant. 
Adaptation may be peripheral or eentral. 


Arriving 

stimulus 


Reeeptor 



À 


Perìpheral adaptatìon 

occurs when the level of 
reeeptor aetivity ehanges. 
The reeeptor responds 
strongly at first, but 
thereafter its aetivity 
gradually deelines. 



Labeled line 



CNS proeessing eenter 


_ ^ _ 

Gentral adaptatìon occurs along sensory pathways 
within the CNS. A few seeonds after you have been 
exposed to a new smell, for example, awareness of the 
stimulus virtually disappears, even though the sensory 
neurons are still quite aetive. Central adaptation 
generally involves the inhibition of nuclei along a 
sensory pathway. 


Modyle 13.16 Revìew 


a. Listthefourtypesofgeneral sensory reeeptors 
based on function, and identify the type of 
stimulus that excites eaeh type. 

b. Deseribe the three elasses of meehanoreeeptors. 

e. Explain adaptation, and differentiate between 
peripheral adaptation and eentral adaptation. 


13.16 Explain the ways in which reeeptors ean be elassified. 
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Module 13.17 


r 


General sensory reeeptors have a sìmple 
structure and are wídely distributed in the body 

There are millions of general sensory reeeptors in the body. Not snrprisingly, 
the greatest diversity is found in the skin, which is in eonstant eontaet with the 
external environment and its assoeiated hazards and threats to homeostasis. 

This module discusses the basie structure and function of the important taetile 
reeeptors in the skin. 


Free Nerve Endìngs 




Free nerve endìngs are the 

branehing tips of sensory neurons. 
They are not proteeted by any 
aeeessory structures, and they are 
nonspeeifieiThey ean respond to 
touch and pressure, pain, and 
temperature stimuli. Free nerve 
endings are the most eommon 
reeeptors in the skin. 


Free nerve 
endings 


Sensory 

nerve 



Root Haìr Plexuses 


VVherever hairs are loeated, the nerve 
endings of the root hair plexus 
monitor distortions and movements 
aeross the body surface (l\/lodule 5.7, 
p. 186).VVhen a hair is displaeed, the 
movement of the folliele distorts the 
sensory dendrites and produces 
aetion potentials.These reeeptors 
adapt rapidly, so they are best at 
deteeting initial eontaet and 
subsequent movements. 


Hair shaft 


Root hair 
plexus 




Sensory nerves 


Taetíle Dìses 


Taetìle dises are fine touch and 
pressure reeeptors.They are 
extremely sensitive tonie reeeptors 
with very small reeeptive fields. 
The dendritie proeesses of many 
nerve terminals branehing from a 
single myelinated afferent fiber 
make elose eontaet with Merkel 
eells, unusually large epithelial 
eells in the stratum basale, the 
deepest layer of the epidermis. 
Eaeh Merkel eell and its nerve 
terminal make up a taetile dise. 
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Taetìle Corpuscles 

Taetìle corpuscles, or Meìssner's (MÌS-nerz) 
corpuscles, provide sensations of fine touch and 
pressure and low-frequency vibration. They adapt to 
stimulation within a seeond after eontaet.Taetile 
corpuscles are fairly large structures, measuring 
roughly 100 iJim long and 50 iJim wide.These reeeptors 
are most abundant in the eyelids, lips, fingertips, 
nipples, and external genitalia.The dendrites are 
highly eoiled and interwoven, and they are 
surrounded by modified Schwann eells. A fibrous 
capsule surrounds the entire complex and anehors it 
within the papillary dermis. 


Lamellated (LAM-e-làt-ed; lamella, thin plate) 
corpuscles, or paeìnìan (pa-SIN-é-an) corpuscles, are 

sensitive to deep pressure. Because they are 
fast-adapting reeeptors, they are most sensitive to 
pulsing or high-frequency vibrating stimuli. A single 
dendrite lies within eoneentrie layers of eollagen fibers 
and speeialized fibroblasts.The entire corpuscle may 
reaeh 4 mm long and 1 mm in diameter.The eoneen- 
trie layers, separated by interstitial fluid, shield the 
dendrite from virtually every source of stimulation 
other than direet pressure. Somatie sensory informa- 
tion is provided by lamellated corpuscles loeated 
throughout the dermis, notably in the fingers, 
mammary glands, and external genitalia; in the 
superficial and deep faseiae; and in joint capsules. 
Viseeral sensory information is provided by lamellated 
corpuscles in mesenteries, in the panereas, and in the 
walls of the urethra and urinary bladder. 


Lamellated Corpuscles 

Layers of 
eollagen fibers 
separated 
by fluid 

Dendrite 


Dermis 


Capsule 


Dendrites 

Taetile 

corpuscle 

Dermis 
Afferent fiber 


Ruffìnì Corpuscles 







Capsule 

Dendrites 


Afferent 

fiber 


Ruffìnì (roo-FÉ-nè) corpuscles are sensitive 
to pressure and distortion of the reticular 
(deep) dermis as when the skin is stretehed. 
These reeeptors are tonie and show little if 
any adaptation. A capsule surrounds a eore 
of eollagen fibers that are continuous with 
those of the surrounding dermis. VVithin the 
capsule, a network of dendrites is 
intertwined with the eollagen fibers. Any 
tension or distortion of the dermis tugs or 
twists the capsular fibers, stretehing or 
eompressing the attaehed dendrites and 
altering the aetivity in the myelinated 
afferent fiber. 


Module 13.17 Revìew 


a. ldentifythesixtypesoftactile 
reeeptors loeated in the skin, 
and deseribe their sensitivities. 

b. VVhiehtypesoftaetilereeeptors 
are loeated only in the dermis? 

e. VVhieh is likely to be more 
sensitive to continuous deep 
pressure: a lamellated corpuscle 
or a Ruffini corpuscle? 


13.17 Listthe types oftaetile reeeptors, and speeify the functions of eaeh. 
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Module 13.18 


Three major somatìe sensory pathways earry 
ìnformatìon from the skìn and moseles to the CNS 



Two traets within the spinothalamíe pathway provide eonseions sensations of poorly 
loealized (“ernde”) toneh, pressnre, pain, and temperatnre. In this pathway, axons of 
first-order nenrons enter the spinal eord and synapse on seeond-order nenrons within the 
posterior gray horns. The axons of these internenrons eross to the opposite side of the spinal eord 
before aseending to the thalamns. Third-order nenrons synapse in the primary sensory cortex. 


Spinothalamie Pathway 


The lateral spìnothalamìe traets of the 

spinothalamie pathway earry pain and 
temperature sensations. 


The anteríor spìnothalamìe traets of the 

spinothalamie pathway earry crude touch 
and pressure sensations. 



A sensory homunculus 

("little human") isa 
functional map of the 
primary sensory cortex. 

Its proportions are very 
different from those of a 
typieal human body 
because the area of 
sensory cortex devoted to 
a particular body region is 
proportional to the 
number of sensory 
reeeptors it eontains. 




The seeond-order 
neurons synapse in 
the ventral nuclei of 
the thalamus. 


Anterior 

spinothalamie 


Spinal eord 


Anterior views 



Lateral 

spinothalamie 

traet 


Axon of first- 
order neuron 


Crude touch and pressure sensations 
from right side of body 


Pain and temperature sensations 
from right side of body 


Seeond-order 

neuron 



Third-order 

neuron 
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The posterior column pathway earries sensations of 
highly loealized (“fine”) toneh, pressnre, vibration, and 
proprioeeption. This pathway begins at a peripheral reeeptor and 
ends at the primary sensory cortex of the eerebral hemispheres. 



Posterior Column Pathway 


Ventral nuclei 
in thalamus 


Nucleus 
graeilis and 
nucleus 
cuneatus 


The sensory axons 
aseend in the medial 
fasciculus graeilis and 
lateral fasciculus 
cuneatus. 



The medìal lemníscus 

is a traet leading from 
the nucleus graeilis 
and nucleus cuneatus 
tothethalamus. 


oblongata 


Spinal eord 


Dorsal root 
ganglion 


Fine-touch, vibration, pressure, and proprioeeption 
sensations from right side of body 


3 


The eerebellnm reeeives proprioeeptive information abont 
the position of skeletal mnseles, tendons, and joints along 


the spinoeerebellar pathway. The posterior spinoeerebellar 
traets eontain axons that do not eross over to the opposite side 
of the spinal eord. These axons reaeh the eerebellar cortex by 
the inferior eerebellar pednnele of that side. The anterior 
spinoeerebellar traets are dominated by axons that have erossed 
to the opposite side of the spinal eord. 


Spinoeerebellar Pathway 



Cerebellum 



Spinoeerebellar 

pathway 

Posterior 

spinoeerebellar 


traet 

Anterior 

spinoeerebellar 

traet 


4 


This eross seetion throngh 


the spinal eord shows the 
loeations of the somatie sensory 
pathways. 


Posterior column pathway 


Spinoeerebellar pathway 


Spinothalamie pathway 


Posterior 



Anterior 


Proprioeeptive input from Golgi tendon organs, 
muscle spindles, and joint capsules 


Modale 13.18 Revíew 


a. Definesensory homunculus. 

b. VVhieh spinal traetsearryaetion 
potentials generated by noeieeptors? 

e. VVhieh eerebral hemisphere reeeives 
impulses conducted by the right 
fasciculus graeilis of the spinal eord? 


13.18 Identify and deseribe the major sensory pathways. 
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Module 13.19 



The somatìe nervous system eontrols skeletal 
muscles through upper and lovver motor neurons 

Somatie motor pathways always involve at least two motor nenrons: an 
upper motor neuron, whose eell body lies in a CNS proeessing eenter, 
and a lower motor neuron, whose eell body lies in a nucleus of the brain 
stem or spinal eord. The upper motor neuron synapses on the lower motor 
neuron, which in turn innervates a single motor unit in a skeletal muscle. 



The eortieospinal pathway provides 
voluntary eontrol over skeletal 
mnseles. This pathway is sometimes ealled 
the pyramidal system beeanse it begins at the 
pyramidal eells of the primary motor cortex. 
The axons of these upper motor nenrons 
deseend into the brain stem and spinal eord 
to synapse on lower motor neurons that 
eontrol skeletal muscles. 


To skeletal 
muscles 




Motor nuclei 
of eranial nerves 


To skeletal 
muscles 



Eaeh region of the primary motor cortex 
eorresponds with a speeifie region of the body. 

A functional map of the eortieal areas is a motor 
homunculus.The proportions of the motor 
homunculus differ from those of the actual 
body.This is because the motor area 
devoted to a speeifie region of the 
cortex is proportional to the number 
of motor units innervated and the 
degree of fine motor eontrol 
available. 


Axons in the cortìcobulbar (kor-ti-kó-BUL-bar; 
bulbar, brain stem) traets synapse on lower 
motor neurons in the motor nuclei of the 
eranial nerves.The corticobulbar traets 
provide conscious eontrol over skeletal 
muscles that move the eye, jaw, and faee, and 
some muscles of the neek and pharynx. 


At the decussation of 

1 

pyramids, about 85 pereent 


of the eortieospinal axons 


eross the midline to enter the 


lateral eortìeospinal traets. 



KEY 



Upper motor 
neuron 


To skeletal 
muscles 



The deseending axons of the eortìeospìnal 
traets are visible along the ventral surface of 
the medulla oblongata as a pair of thiek 
bands, known as the pyramíds. 


Medulla oblongata 


Spinal eord 



Lower motor 
neuron 


Anterior view 


Fifteen pereent of the eortieospinal axons 
deseend uncrossed as the anterìor eortìeo- 
spinal traets of the spinal eord. At the spinal 
segment it targets, an axon in the anterior 
eortieospinal traet erosses over to the 
opposite side of the spinal eord in the anterior 
white commissure before synapsing on lower 
motor neurons in the anterior gray horns. 
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2 


Several eenters in the eerebrnm, dieneephalon, 
and brain stem may issne somatie motor 


eommands as a resnlt of proeessing performed at a 
snbeonseions level. The loeations of those eenters are 
indieated in the diagram to the right. The eompo- 
nents of the medíal pathway help eontrol gross 
movements of the trnnk and proximal limb mnseles, 
whereas those of the lateral 
pathway help eontrol the distal 


Motor 

cortex 




Thalamus 


Basal 

nuclei 


limb mnseles that perform more 
preeise movements. 


The red nucleus, the primary nucleus 
of the lateral pathway, reeeives 
information from the cerebrum and 
cerebellum and adjusts upper limb 
position and background muscletone. 


3 


The loeations of the medial and 
lateral pathways are indieated in 


this eross seetion of the spinal eord. 


Medìal Pathway 


The medial pathway is primarily eoneerned 
with the eontrol of muscle tone and gross 
movements of the neek, trunk, and proximal 
limb muscles.The upper motor neurons of 
the medial pathway are loeated in the 
vestibular nuclei, the superior and inferior 
colliculi, and the reticular formation. 


The retìculospìnal traets eontain the axons 
of upper motor neurons in the reticular 
formation.The reticular formation reeeives 
input from almost every aseending and 
deseending pathway. It also has extensive 
eonneetions with the cerebrum, the eerebel- 
lum, and brain stem nuclei. 


The vestìbulospínal traets begin at the 


vestibular nuclei of eranial nerve 



.These 


nuclei reeeive sensory information from the 
inner ear about the position and movement of 
the head.These nuclei respond to ehanges in 
the orientation of the head by issuing motor 
eommands that alter the muscle tone and 
position of the neek, eyes, head, and limbs. 


The teetospìnal traets eontain the axons of 
upper motor neurons in the superior and 
inferior colliculi of the midbrain. Axons in the 
teetospinal traets direet reflexive ehanges in 
the position of the head, neek, and upper 
limbs in response to bright lights, sudden 
movements, or loud noises. 



Gerebellar 

nuclei 


Nuclei of the Medial Pathway 


Superior and inferior colliculi 

Reticular formation 
Vestibular nucleus 


Medulla oblongata 


Anterior 

eortieospinal 

traet 


Lateral 

eortieospinal 

traet 


Lateral Pathway 



The lateral pathway is primarily 
eoneerned with the eontrol of 
muscle tone and the more 
preeise movements of the distal 
parts of the limbs. 

The upper motor neurons of the 
lateral pathway lie within the red 
nuclei of the midbrain. Axons of 
these motor neurons eross to the 
opposite side of the brain and 
deseend into the spinal eord in 
the rubrospìnal traets (ruber, 
red). In humans, the rubrospinal 
traets are small and extend only 
to the eervieal spinal eord, where 
they provide motor eontrol over 
distal muscles of the upper limbs. 


Module 13.19 Revìew 


a. Defineeortieospinal traets. 

b. Deseribe the role ofthe corticobulbar 
traets. 

e. What effeet would inereased 

stimulation of the motor neurons of 
the red nucleus have on muscle tone? 


13.19 Deseribe the eomponents, proeesses, and 
functions of the somatie motor pathways. 
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Module 13.20 


There are multiple levels 
of somatk motor eontrol 



In the last two ehapters you encountered many nuclei in the spinal 
eord and brain that play roles in skeletal muscle eontraetions. In 
general, the eloser a motor eenter is to the eerebral cortex, the more 
complex and variable the motor aetivities will be. 

The eerebellnm is involved in eoordinating the 
motor aetivities at mnltiple levels. 



Modify voluntary and 
reflexive motor patterns 


Thalamus and 

at the subconscious level 


Mìdbraín 

-— _ j .. — — — .... — — -- 

eerebral Cortex 

eontrol reflexes in 


Plans and initiates 

response to visual 


voluntary motor 

and auditory stimuli 


aetivity 


Hypothalaimus 


Gontrols reflex motor 
patterns related to 
eating, drinking, and 
sexual aetivity; modifies 
respiratory reflexes 


Level of Motor Complexìty 



Ponsand Medulla 
Oblongata 


Gontrol balanee reflexes 
and more complex 
respiratory reflexes 


Cerebellum 


More Connplex 


Gerebral Cortex 


Cerebellum 



Braín Stem and Spínal Cord 

eontrol simple eranial and 
spinal reflexes 


eoordinates complex 
motor patterns through 
feedbaek loops 
involving the eerebral 
cortex and basal nuclei 
as well as nuclei of the 
medial and lateral 
pathways 


Basal Nuclei 


Thalamus and Midbrain 


Hypothalamus 

Pons and Medulla Oblongata 



Brain Stem and Spinal Cord 


Less Connplex 
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Preparíng for Movement 


2 


When you make a conscious 


deeision to do a speeifie move- 
ment, information is relayed from the 
frontal lobes to motor assoeiation 
areas. These areas in turn relay the 
information to the eerebellnm and 
basal nuclei. 


Performìng a Movement 


3 


As the movement begins, the 
motor assoeiation areas send 
instrnetions to the primary motor 
cortex. Feedbaek from the basal 
nuclei and eerebellnm modifies 
those eommands, and output 
along the medial and lateral 
pathways direets involnntary 
adjnstments in position and 
muscle tone. 


The basal nuclei adjust patterns of 
movement in two ways: 

1. They alter the sensitivity of the 
pyramidal eells to adjust the 
output along the eortieospinal 
traet. 

2. They ehange the excitatory or 
inhibitory output of the medial 
and lateral pathways. 


Deeision in 
frontal lobes 



Gerebral 

cortex 


Primary 



Gerebral 

cortex 


Gortieospinal 


As the movement proeeeds, 
the cerebellum monitors 
proprioeeptive and vestibular 
information (balanee and 
equilibrium) and eompares 
the arriving sensations with 
those experienced during 
previous movements. It then 
adjusts the aetivities of the 
upper motor neurons 
involved. 


Lower 

motor 

neurons 


Modyle 13.20 Revìew 


If the primary motor cortex is damaged, the person 
loses the ability to exert fine eontrol over skeletal 
muscles. However, some voluntary movements ean 
still be eontrolled by the basal nuclei based on infor- 
mation from the prefrontal cortex eoneerning planned 
movements. But because the eortieospinal pathway is 
inoperative, the eerebellar feedbaek eannot fine-tune the 
ongoing movements. A person in this eondition ean stand, 
maintain balanee, and even walk, but all movements are 
hesitant, awkward, and poorly eontrolled. 



Motor aetivity 


a. The basie motor patterns related to 
eating and drinking are eontrolled by 
which region of the brain? 

b. VVhieh brain regions eontrol reflexes in 
response to visual and auditory stimuli 
that are experienced while viewing a 
movie? 

e. During a tennis match,you deeide 
how and where to hit the ball. Explain 
how the motor assoeiation areas are 
involved in your deeisions. 


13.20 Deseribe the levels of information proeessing involved in motor eontrol. 
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Module 13.21 


CLINICAL MODULE 


+ 


r 


Nervous system disorders may result from problems 
wìth neurons, pathways, or a eombínation of the two 



Referred Pain 



Referred pain is the sensation of pain in a part of the body 
other than its aetnal sonree. A familiar example is the pain of 
a heart attaek, which is frequently felt in the left arm. Strong 
viseeral pain sensations arriving at a segment of the spinal eord ean 
stimulate interneurons that are part of the spinothalamie pathway. 
Aetivity in these internenrons leads to the stimnlation of the 
primary sensory cortex, so the person feels pain in a speeifie part 
of the body snrfaee. 


Parkinson's Dísease 



Normal substantia nigra Diminished substantia 

nigra in Parkinson's patient 


Parkinson's dísease resnlts when nenrons of the snbstan- 
tia nigra are damaged or seerete less dopamine. The basal 
nuclei beeome more aetive, which raises skeletal muscle tone 
and prodnees rigidity and stiffness. People who have Parkinson s 
disease have diffienlty starting volnntary movements, beeanse 
opposing muscle groups do not relax; they must be overpow- 
ered. Onee a movement is under way, every aspeet must be 
voluntarily eontrolled throngh intense effort and eoneentration. 



Rabíes 



3 


Rabies is a dramatie example of a elinieal eondition direetly 


related to retrograde flow in peripheral axons. A bite from a 
rabid animal injeets the rabies virus into peripheral tissnes, where 
virus partieles quickly enter axon terminals. Retrograde flow then 
earries the virus into the CNS, with potentially fatal resnlts. Many 
toxins (inelnding heavy metals), some pathogenie baeteria, and 
other virnses also bypass CNS defenses by exploiting axoplasmic 
transport (Module 11.2, p. 396). 


# 

Rabies viruses 



Retrograde flow 
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Gerebral Palsy 


4 


Gerebral palsy (CP) refers to a number of disorders that affeet 
voluntary motor movement. The motor dysfnnetion is nonprogressive, 


appears during infaney or ehildhood, and persists throughout the person s 
lifetime. The cause may be trauma assoeiated with premature or unusually 
stressful birth, maternal exposure to drugs (including aleohol), or a genetie 
defeet that causes improper development of motor pathways. 



Amyotrophie Lateral Selerosis 

Amyotrophie lateral selerosis (ALS) is a progressive, degenera- 
tive disorder that affeets motor nenrons in the spinal eord, brain 
stem, and eerebral hemispheres. The degeneration affeets both upper 
and lower motor nenrons. A defeet in axonal transport is thonght to 
nnderlie the disease. Beeanse a motor neuron and its dependent muscle 
fìbers are so intimately related, the destrnetion of CNS nenrons causes 
atrophy of the assoeiated skeletal muscles. ALS is eommonly known as 
Lou Gehrig's disease, named after the famous New York Yankees player 
who died of the disorder. Noted physieist Stephen Hawking is also 
afflieted with this eondition. 



Alzheimer's Dísease 

Alzheimer's dísease (AD) is a progressive disorder 
eharaeterized by the loss of higher-order eerebral 
fnnetions. It is the most eommon cause of senile dementia, 
or senility. Signs and symptoms may appear at 50-60 years 
of age or later, althongh the disease oeeasionally affeets 
yonnger people. An estimated 2 million people in the United 
States—inelnding ronghly 15 pereent of those over age 65, 
and nearly half of those over age 85—have some form of the 
eondition, and it causes approximately 100,000 deaths eaeh 
year. Mieroseopie examination of the brains of AD patients 
reveals intraeellnlar and extracellular abnormalities in brain 
regions that are speeifieally assoeiated with memory proeess- 
ing, such as the hippocampus. 



Abnormal 
dendrites, axons, 
and extracellular 
proteins form — 
complexes known 
as Alzheimer's 
plaques. 




Multiple Selerosis 


7 


Multiple selerosis (skler-O-sis; sklerosis; hardness), or 
MS, is a disease eharaeterized by reenrrent ineidents of 
demyelination that affeets axons in the optie nerve, brain, and 
spinal eord. Gommon signs and symptoms inelnde partial loss of 
vision and problems with speeeh, balanee, and general motor 
eoordination, inelnding bowel and nrinary bladder eontrol. The 
time between ineidents and the degree of reeovery vary from ease 
to ease. In about one-third of all eases, the disorder is progressive, 
and fnnetional impairment inereases following eaeh new ineident. 
The first attaek typieally occurs at 30-40 years of age; the ineidenee 
among women is 1.5 times that among men. 


Demyelinating neuron 



Module 13.21 Revìew 


a. Define referred pain. 

b. Deseribe how rabies is eontraeted. 

e. Deseribe amyotrophie lateral selerosis (ALS). 


13.21 Deseribe the roles of the nervous system in referred pain, Parkinson's disease, rabies, 
eerebral palsy, amyotrophie lateral selerosis, Alzheimer's disease, and multiple selerosis. 
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Labelìng 

Label eaeh type of taetile receptorfound in the skin. 



FìlMn 


The general organization of the spinal eord is such that motortraets are 



(anterior or posterior). 


and sensory traets are 



(anterior or posterior). 


Short answer 

Identify the deseending and aseending traets and pathvvays in the aeeompanying seetional 
diagram of the spinal eord, and then deseribe the general functions of the traets of eaeh pathvvay. 




Seetíon ìntegratìon 

A person vvhose primary motor cortex has been injured retains the ability to vvalk, maintain balanee, and perform other voluntary and involuntary 
movements. Even though the movements laek preeision and are avvkvvard and poorly eontrolled, vvhy is the ability to vvalk and maintain balanee 
possible? 
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GHAPTER 13 REVIEVV • The Braín, Craníal Nerves, and Sensoryand Motor Pathvvays 



Study Outlìne 


SEGTION 1 • Functìonal Anatomy of the Braìn 

and eranìal Nerves 



The braìn develops from a hollow neural tube p. 463 

1. The neural tube eontains a hollovv internal passagevvay 
ealled a neurocoel. 


2. The eephalie portion of the neural tube enlarges into 
three divisions ealled the prímary brain vesìeles: 
the proseneephalon, meseneephalon, and 
rhombeneephalon. 

3. Seeondary brain vesieles develop from the 
proseneephalon (dieneephalon and teleneephalon) 

and rhombeneephalon (meteneephalon and 
myeleneephalon). 



Eaeh regìon of the braìn has dìstìnet structural and 
functìonal eharaeterìstìes p. 464 


4. The cerebrum is divided into 

eerebral hemispheres, and is 

eovered by a superficial 
layer of gray matter 
ealled eerebral cortex. 

5. The functions ofthe 
cerebrum include thought, 
memory, sensory proeessing, 
and regulating skeletal muscle 
eontraetions. 

6. Visible on the cerebrum are fìssures (deep grooves), gyri 
(folds), and sulci (shallovv depressions). 

7. The dieneephalon links eerebral hemispheres vvith the 
rest of the CNS. It is eomposed of the thalamus and 
hypothalamus. 

8. The brain stem includes the midbrain, pons, and 
medulla oblongata. 

9. The cerebellum eontrols motor eommands from the 
eerebral cortex. 

10. ehambers vvithin the brain ealled ventrieles are filled 
vvith eerebrospinal fluid and lined by ependymal eells. 
The ventrieles of the brain eontain tvvo lateral ventrieles, 
a third ventriele, and a fourth ventriele. Eaeh lateral 
ventriele is eonneeted to the third ventriele through an 
interventricular foramen, and the eerebral aqueduct 
eonneets the third ventriele to the fourth ventriele. 



11. The corpus callosum intereonneets the tvvo eerebral 
hemispheres.The septum pellucidum is a thin partition 
separating the tvvo lateral ventrieles. 



The eranìal menìnges and eerebrospìnal fluld proteet and 
support the braln p. 466 


12. The eranial dura mater, araehnoid mater, and pia mater 

are continuous vvith the layers of the spinal meninges. 

13. The eranial dura mater is made of an outer periosteal layer 
that is fused to the periosteum of the eranial bones, and 
typieally separated from the inner meningeal layer by the 

dural sinus. 


14. The eranial araehnoid mater 
eonsists of the araehnoid 
membrane and the araehnoid 
trabeculae that eonneet it to 
the pia mater. 

15. The pia mater adheres to the surface of 
the brain by astroeyte proeesses. 

1 6. Dural folds extend into the eranial eavity. 

These are the falx eerebri, tentorium 
eerebelli, and falx eerebelli.The superior 
sagittal sinus is the largest dural sinus. 

17. eSF is produced by the ehoroid plexuses 
and bathes the surfaces of the CNS. CSF 
reaehes the subarachnoid spaee through 
tvvo lateral apertures and a single 
median aperture in the roof of the fourth 
ventriele. 

18. eSF is absorbed into the venous circulation at araehnoid 
granulations. 




The medulla oblongata and the pons eontaln autonomlc 
reflex eenters, relay statlons, and aseendlng and 
deseendlng traets p. 468 


19. All communication betvveen the brain and spinal eord 
involves traets that aseend or deseend through the 
medulla oblongata. It is also a eenter for autonomic 
reflexes and viseeral functions. 


20. In the medulla oblongata, pyramids eontain traets of 
motor fibers. Some of these fibers eross over to the 
opposite side of the medulla.That erossing is ealled a 

decussation. 


21. The medulla also eontains autonomic eenters and relay 
stations. 

22. The pons links the cerebellum vvith the midbrain, 
dieneephalon, cerebrum, medulla oblongata, and spinal 
eord. 



The cerebellum eoordlnates learned and reflexlve patterns 
of muscular aetlvlty at the subconsclous level p. 470 


23. The cerebellum functions to (1) adjust the postural 
muscles of the body and (2) fine-tune movements 
eontrolled at the conscious and subconscious levels. 


24. The eerebellar hemispheres are eaeh made of an anterior 
and posterior lobe, and separated by the vermis. The 
folia are folds on the eerebellar surface. 


25. The three eerebellar peduncles on eaeh side are traets 
that linkthe cerebellum vvith the brain stem, cerebrum, 
and spinal eord. 



The mldbraln regulates auditory and visual reflexes and 
eontrols alertness p. 472 


26. The midbrain is the most complex and integrative portion 
of the brain stem. 

27. Major landmarks of the midbrain are the eorpora 
quadrigemina (formed by the paired superior and 
inferior colliculi), the red nucleus, the substantia nigra, 
and the eerebral peduncles. 


ehapter 13 Review • 503 






















GHAPTER 13 REVIEVV • The Brain, Granial Nerves, and Sensory and Motor Pathvvays (continued) 


28. The tectum and tegmentum surround the eerebral 
aqueduct. 



The dìeneephalon eonsìsts of the epìthalamus, thalamus 
(left and rlght), and hypothalamus p. 474 


29. The epìthalamus is the roof of the dieneephalon. Its 
anterior portion eontains an extensive ehoroid plexus that 
extends through the interventricular foramina. 

30. The anterior aspeet of the dieneephalon is marked by the 

anterìor commìssure and the optìe ehìasm. 

31. The pìneal gland is an endoerine structure that seeretes 
melatonìn, an important regulator of day-night eyeles, 
and reproductive functions. 

32. Important structures of the thalamus are the lateral 
genículate nucleí, medìal genìculate nucleì, and the 
optíe traet. 

33. The hypothalamus eontains important eontrol and 
integrative eenters. Hypothalamìe nucleì include the 

preoptìe area and suprachìasmatìc nucleus. 

34. The ìnfundìbulum eonneets the floor of the hypothalamus 
to the pituitary gland. 



The llmble system Is a functlonal group of traets and nuclel 
loeated In the cerebrum and dleneephalon p. 476 


35. The lìmbìe system is a functional grouping rather than an 
anatomieal one. It functions to establish emotional states, 
link conscious and unconscious functions, and faeilitate 
memory. 

36. The eomponents of the limbie system in the dieneephalon 
are the anterior group of thalamie nuclei, hypothalamus, 
and mammillary body. 

37. The cìngulate gyrus and parahìppoeampal gyrus form 
the lìmbìe lobe, the region of the limbie system in the 
cerebrum. 


45. Eaeh eerebral hemisphere reeeives information from 
and sends eommands to the opposite side of the body. 
Although eaeh hemisphere has similar appearanees, they 
have different functions.The eorrespondenee betvveen 
function and region in the eerebral cortex is impreeise. 


13.11 j 


The lobes of the eerebral cortex have reglons wlth speelfìe 
functlons p. 482 


46. The prímary motor cortex of the preeentral gyrus sends 
voluntary eommands to skeletal muscles. Pyramìdal 
eells are the neurons of this area.The somatíe motor 
assoeìatíon area eoordinates learned movements. 


47. The prímary sensory cortex reeeives general somatie 
sensory information. 

48. Assoeíatìon areas interpret ineoming data or eoordinate a 
motor response 

49. The gustatory cortex of the insula reeeives information 
from taste reeeptors, and the olfaetory cortex of the 
insula reeeives sensory information from the olfaetory 
reeeptors. 

50. The audìtory cortex, loeated in the temporal lobe, 
eontains the prìmary audìtory cortex and the audìtory 
assoeìatíon area. 

51. The vísual cortex in the oeeipital lobe eontains the 

prímary vìsual cortex and the visual assoeìatìon area. 

52. Integratíve eenters eoneerned vvith complex proeesses 
such as speeeh, vvriting, math, and spatial relationships, 
are restrieted to either the left or right hemisphere.These 
include the speeeh eenter (Broea's area), prefrontal 
cortex, frontal eye fìeld, and the general ìnterpretíve 
area. 


53. Eaeh eerebral hemisphere is responsible for speeifie 
functions not performed by the opposite hemisphere. 
This regional speeialization is ealled hemìspherìe 
lateralìzatìon. 


38. The amygdaloíd body of the limbie lobe plays a role in 
the regulation of heart rate, the "fìght or flight" response, 
emotions, and memory. 

39. The hìppocampus is important in learning and long-term 
memory, and is eonneeted to the hypothalamus by the 

fornìx. 



The basal nucleì of the cerebrum adjust and refìne 
ongoìng voluntary movements p. 478 


40. The basal nucleì are masses of gray matter in the floor of 
the lateral ventrieles.They provide subconscious eontrol 
of skeletal muscle tone and help eoordinate learned 
movement patterns. 


41. The basal nuclei eonsist of the caudate nucleus and 
lentíform nucleus.The lentiform nucleus is subdivided 
into the globus pallìdus and putamen. 


13.10 J 


Superfìcìal landmarks dìvìde the eerebral hemìspheres 
ìnto lobes p. 480 


42. Eaeh eerebral hemisphere ean be divided into lobes that 
are named after the overlying bones of the skull. 

43. Important landmarks of the cerebrum are the preeentral 
gyrus, eentral sulcus, posteentral gyrus, and the lateral 
sulcus. 


44. Retraetion of the eerebral cortex along the lateral sulcus 
exposes the ínsula. 


13.12 j 


Whìte matter eonneets the eerebral hemìspheres and the 
lobes of eaeh hemìsphere, and lìnks the cerebrum to the 
rest of the braìn p. 484 


54. Assoeíatìon fìbers such as the arcuate fìbers and the 
longìtudìnal fascìculì intereonneet areas of the neural 
cortex vvithin a single eerebral hemisphere. 

55. Commíssural fìbers such as the corpus callosum 
and anterìor commíssure intereonneet the eerebral 
hemispheres. 


13.13 j 


Braìn aetìvìty ean be monìtored usìng external eleetrodes; 
the reeord ìs ealled an eleetroeneephalogram, or EEG 

p. 485 


56. EEG eleetrieal 
patterns are ealled 

braìn waves. 

57. Alpha waves appear 
in avvake adults, beta 
waves are visible 
vvhen a person is 
eoneentrating or 
under stress, theta 
waves appear 
mostly in ehildren, 
and delta waves 
are normally seen 
during sleep. 
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13.14 J 


The twelve paìrs of eranìal nerves are elassìfìed as sensory, 
speelal sensory, motor, or mlxed nerves p. 486 


58. The sensory eranial nerves are the ophthalmìe and 
maxíllary branehes of the trigeminal nerve (V). 

59. The speeial sensory eranial nerves are the olfaetory (I), 
optìe (II), and vestíbulocochlear (VIII) nerves. 

60. The motor eranial nerves are the oculomotor (III), 
troehlear (IV), abducens (VI), aeeessory (XI), and 
hypoglossal (XII) nerves. 

61. The mixed eranial nerves are the trìgemìnal (V), faelal 
(VII), glossopharyngeal (IX), and vagus (X) nerves. 


^ SEGTION 2 * Sensory and IVIotor Pathways 


70. A sensory homunculus is a functional map illustrating 
the area of primary sensory cortex devoted to a particular 
body region. 

71. The posterìor column pathway earries sensations of fine 
touch, pressure, vibration, and proprioeeption. 

72. The spìnoeerebellar pathway sends proprioeeptive 
information to the cerebellum. 


13.19 


The somatìe nervous system eontrols skeletal muscles 
through upper and lower motor neurons p. 496 


73. Somatie motor pathvvays involve at least tvvo motor 
neurons: an upper motor neuron, vvhose eell body lies 
in a CNS proeessing eenter, and a lower motor neuron, 
vvhose eell body lies in a nucleus of the brain stem or spinal 
eord. 


13.15 


Sensatìons earrìed by sensory pathways to the CNS begìn 
wìth transductìon at a sensory reeeptor p. 489 


62. The general senses deteet temperature, pain, touch, 
pressure, vibration, and proprioeeption.The information 
earried by a sensory pathvvay is a sensatìon, and the 


conscious avvareness 
of a sensation is a 

pereeptíon. 

63. The area monitored by 
a single reeeptor eell is 
its reeeptìve fìeld. The 
larger a reeeptive field is 
the poorer your ability 
to loealize a stimulus. 



13.16] 


Reeeptors for the general senses are elassìfìed by 
functìon p. 490 


64. The simplest reeeptors are the dendrites of sensory 
neurons.These free nerve endings are not proteeted by 
aeeessory structures. 

65. The general sensory reeeptors are noeíeeptors, 
thermoreeeptors, ehemoreeeptors, and 
meehanoreeeptors. 


13.17 


General sensory reeeptors have a sìmple structure and are 
wìdely dìstrìbuted ìn the body p. 492 


66. The greatest diversity of sensory reeeptors is found in the 
skin. 


67. The important reeeptors of the skin are free nerve 
endìngs, root haír plexuses, taetìle díses, taetíle 
corpuscles, lamellated corpuscles, and Ruffìnì 
corpuscles. 


13.18] 


Three major somatìe sensory pathways earry ìnformatìon 
from the skìn and muscles to the CNS p. 494 


68. The spínothalamíe pathway has tvvo traets.The anterìor 
spínothalamíe traets earry crude touch and pressure 
sensations. The lateral spìnothalamíe traets earry pain 
and temperature sensations. 

69. In the spinothalamie pathvvay, axons of fìrst-order 
neurons enter the spinal eord and synapse vvith seeond- 
order neurons vvithin the posterior gray horns.The axons 
of these interneurons eross to the opposite side of the 
spinal eord before aseending to the thalamus. Third-order 
neurons synapse in the primary sensory cortex. 


74. The eortìeospìnal pathway provides voluntary eontrol 
overskeletal muscles. 

75. A motor homunculus is functional map illustrating the 
primary motor cortex area devoted to a particular body 
region. 

76. The medìal pathway eontrols gross movements and 
proximal limb muscles.The lateral pathway eontrols the 
distal limb muscles that perform preeise movements. 


13.20] 


There are multìple levels of somatìe motor eontrol 


p.498 


77. The eloser a motor eenter is to the eerebral cortex, the 
more complex the motor aetivities vvill be. 

78. inereasing levels of complexity begin at the brain stem 
and spinal eord, and continue to the pons and medulla 
oblongata, hypothalamus, thalamus and midbrain, basal 
nuclei, and eerebral cortex.The cerebellum is involved at 
multiple levels. 

79. Voluntary movement begins vvith a conscious deeision in 
the frontal lobes, and then information is relayed to the 
motor assoeiation areas. 


80. As the movement begins, the motor assoeiation areas send 
instructions to the primary motor cortex. 


13.21 j 


Nervous system dìsorders may result from problems wìth 
neurons, pathways, or a eombìnatìon of the two p. 500 


81. Referred pain is pain in a part of the body other than its 
actual source. Parkìnson's dísease is caused by a deerease 
in dopamine seeretion by the substantia nigra. Rabies 
damages the CNS through retrograde flovv beginning at 
the axon terminals. 


82. eerebral palsy refers to a number of disorders that 
affeet voluntary motor movement. Amyotrophìe lateral 
selerosìs (ALS) is a 
progressive degeneration 
of CNS motor neurons. 

83. Alzheìmer's dìsease is 

a progressive disorder 
eharaeterized by the loss 
of higher-order eerebral 
functions. Moltìple 
selerosìs (MS) results 
from demyelination of 
the axons of the optie 
nerve, brain, and spinal 
eord. 
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GHAPTER 13 REVIEVV • The Brain, Granial Nerves, and Sensory and Motor Pathvvays (continued) 


ehapter Revìevv Questíons 


Labelíng 


Label the structures of the brain 
indieated in the follovving diagram. 



9 


10 


11 



12 


13 


14 


15 


16 


17 


18 


True/False 


indieate vvhether eaeh statement is true or false. 


19 

20 



The speeial sensory eranial nerves are I, II, VIII, and X. 

Proprioeeptors are the general sensory reeeptors that 
monitor the positions of joints and muscles. 

Parkinson's disease is eharaeterized by demyelination that 
affeets axons of the optie nerve, brain, and spinal eord. 



Ruffini corpuscles are often referred to as free nerve 
endings. 



The posterior column pathvvay earries sensations of touch, 
pressure, vibration, and proprioeeption. 


19 

20 





IVIultíple ehoíee 


Seleet the eorreet ansvver from the list provided. 



The adult cerebrum develops from the 

^ a) dieneephalon. 

Q b) teleneephalon. 

Q e) meseneephalon. 

Q d) meteneephalon. 



The eerebral aqueduct eonneets the 

Q a) lateral ventrieles to the third ventriele. 

Q b) third ventriele to the fourth ventriele. 

Q e) fourth ventriele to the eentral eanal. 

Q d) lateral ventrieles to the interventricular foramen. 



The fold of dura mater that projeets betvveen the eerebral 
hemispheres is the 

Q a) falx eerebri. 

Q b) falx eerebelli. 

Q e) tentorium eerebelli. 

Q d) superior sagittal sinus. 



The leading site vvhere CSF is absorbed into venous circulation is the 
Q a) lateral apertures. 

Q b) median aperture. 

Q e) ehoroid plexuses. 

Q d) araehnoid granulations. 
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The superior and inferior colliculi eolleetively form the 

Q a)thalamus. 

Q b) eorpora quadrigemina. 

Q e) limbie system. 

Q d) reticular aetivating system. 



The eenters in the pons that adjust the respiratory rhythmieity 
eenters in the medulla oblongata are the 

Q a) apneustic and pneumotaxic eenters. 

Q b) inferior and superior peduncles. 

Q e) eardiae and vasomotor eenters 
Q d) nucleus graeilis and nucleus cuneatus. 


Short answer 



The final relay point for aseending sensory information that will be 
projeeted to the primary sensory cortex is the 

Q a) hypothalamus. 

Q b)thalamus. 

Q e) spinal eord. 

Q d) pons. 



The brain waves normally seen during deep sleep in people of all 
ages are ealled 

Q a) alpha waves. 

□ b) beta waves. 

Q e) theta waves. 

Q d) delta waves. 



Gerebral meningitis is a eondition in which the meninges of the brain 
beeome inflamed as the result of viral or baeterial infeetion.This 
eondition ean be life threatening.VVhy? 



Julia is aboutto have a eavity in hertooth filled.The tooth in need of 
attention is on the right side of her bottom jaw in the far baek. VVhieh 
nerve doyou thinkthedentist will blockwhen hegives heran injeetion 
to eontrol the pain? Is this a sensory nerve, motor nerve, or mixed 
nerve? Besides stopping the pain from the tooth, what other sensory 
or motor aetivities would you expect to be affeeted by the injeetion? 


MasteringA&P® 

Aeeess more ehapter study tools online in the MasteringA&P Study Area: 

■ ehapter Quízzes, Ghapter Praetiee Test, Art-labeling Aetivities, 
Anímatíons, MP3 Tutor Sessions, and Glínieal Case Studies 


■ Praetiee Anatomy Lab 

PAi: 

■ interaetive Physiology 

ip. 

■ A&P Flix 

AáPFm 

■ PhysioEx 

PhusioEx 


ehapter Integratíon • Applyíng what you have learned 


A fríghteníng avvakeníng 

Upon awakening one morning, John feels an unusual sensation on the left side of his faee. 
He looks in the mirror and sees that half of his faee is drooping. He tries to make a variety 
of faeial expressions such as smiling and frowning, but ean only do so on his right 
side. He is eompletely unable to eontrol the faeial mnseles on his left side. Extremely 
alarmed at this eondition, he drives himself to his physieians offiee right away. 

Johns doetor asks him a few questions about how his symptoms developed, and 
then gives him a physieal and nenrologieal examination. After asking a few more 
questions, the doetor tells John that his eondition is ealled BelTs palsy. He assnres 
John that althongh his symptoms are alarming, he has not had a stroke or a heart 
attaek, and the BelTs palsy is likely to last only a few weeks. 

Using what you have learned about eranial nerves, answer the following questions. 





Which eranial nerve do you think is most likely to be involved in John's 
Bell's palsy? 

Besides the inability to move his faeial muscles, which other symptoms 
would you expect John to be experiencing? 

What adviee would you give John to help him manage his eondition? 
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LEARNING OUTCOMES 


These Learning 


Onteomes 


eorrespond 


bynnmberto 


this ehapter's 


modnles and 


indieate what 


you should be 


able to do after 


eompleting 


the ehapter. 



SECTION 1 • Functíonal Anatomy of the Autonomìc Nervous System (ANS) 


14.1 


14.2 


14.3 


14.4 


14.5 


14.6 


Deseribe the eontrol of skeletal myseles by the SNS and the eontrol of viseeral effeetors 
by the ANS. 

Listthe divisions ofthe ANS and the general functions of eaeh. 

Deseribe the structures and functions of the sympathetie and parasympathetie divisions 
of the ANS. 

Deseribe the innervation patterns of the sympathetie and parasympathetie divisions of 
theANS. 

Deseribe the types of sympathetie and parasympathetie reeeptors and their assoeiated 
neurotransmitters. 

Deseribe the meehanisms of neurotransmitter release in the ANS, and explain the effeets 
of neurotransmitters on target organs and tissues. 


SECTION 2 • Autonomíc Regulatìon and Control Meehanìsms 


(S) 

Learning Onteomes 
arerepeated atthe 
bottomofeaeh 
module. 




14.10 


14.11 


Deseribe the role of the ANS in maintaining homeostasis during unconsciousness. 

Discuss the relationship betvveen the tvvo divisions of the ANS and the signifieanee of 
dual innervation. 

Define a viseeral reflex, and explain the signifieanee of such reflexes. 

Explain the roles of 
baroreeeptors and 
ehemoreeeptors in 
homeostasis. 

Deseribe the hierarehy of 
interaeting levels of eontrol in 
the ANS beginning vvith the 
hypothalamus. 




508 



















Module 14.1 


SECTION 1 • Functìonal Anatomy of the Autonomìc Nervous System (ANS) 



Ganglionk neurons of the 
ANS eontrol viseeral effeetors 


In ehapters 12 and 13 we eonsidered the organization 
of the somatie nervoas system (SNS). The SNS 
provides eonseions and subconscious eontrol over the 
skeletal mnseles of the body. In this seetion we eonsider 
the antonomie nervons system (ANS), which eontrols 
viseeral fnnetion mostly ontside of our awareness. 



In the SNS, motor nenrons of the eentral 
nervons system exert direet eontrol over 
skeletal mnseles. The lower motor nenrons may be 
eontrolled by reflexes based in the spinal eord or 
brain, or by upper motor nenrons whose eell 
bodies lie within nuclei of the brain or at the 
primary motor cortex. 


Dpper motor 
neurons in 
primary motor 

cortex 


Somatie motor 
nuclei of brain 

stem 



Spinal eord 


Somatie 
motor 
nuclei of 
spinal eord 


Skeletal 

muscle 


Skeletal 

muscle 


Lower 

motor 



Brain 


Autonomic 


Viseeral motor 

nuclei in 
hypothalamus 


Preganglionie 


neuron 


Vìseeral Effeetors 


Smooth 

muscle 


Glands 


Autonomic 


Gardiae 

muscle 


Adipoeytes 


ganglia 


Ganglionie 


Spinal 


neurons 


eord 


Preganglionie 


neuron 


nuclei in 
brain stem 


Autonomic 
nuclei in 
spinal eord 


In the ANS, motor nenrons of 


the eentral nervons system 
synapse on viseeral motor nenrons in 
antonomie ganglia, and these ganglionie 


nenrons eontrol viseeral effeetors. The 


integrative eenters for antonomie aetivity are loeated in the 
hypothalamns. The nenrons in these antonomie eenters are 
eomparable to the upper motor nenrons in the SNS. However, 
instead of a single lower motor neuron, there are two motor 
nenrons in series. Viseeral motor nenrons whose eell bodies lie 


in the brain stem and spinal eord are known as preganglionie 
nenrons. These nenrons are part of viseeral reflex ares, and 
most of their aetivities represent direet reflex responses, rather 
than responses to eommands from the hypothalamns. The 
axons of preganglionie nenrons leave the CNS and synapse on 
ganglionie nenrons—viseeral motor nenrons in peripheral 
ganglia. These ganglia, which eontain hnndreds to thonsands 
of ganglionie nenrons, are ealled antonomie ganglia. Gangli- 
onie nenrons innervate viseeral effeetors such as eardiae 


muscle, smooth muscle, glands, and adipose tissue. 


l\/lodule14.1 Revìew 


a. GomparetheSNS with the ANS. 

b. Deseribe the role of preganglionie neurons. 
e. Explain thefunction of autonomicganglia. 


(S) 14.1 Deseribe the eontrol of skeletal muscles by the SNS and the eontrol of viseeral effeetors by the ANS. 
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Module14.2 


The ANS eonsìsts of sympathetìe, 
parasympathetìe, and enterìe dìvìsions 


Autonomic Nervous System 


Sympathetìe Divìsìon 

In the synnpathetie division, or thoracolumbar 
(thor-a-kó-LDIVl-bar) divísion, axons emerge from 
the eell bodies vvithin the lateral gray horns of 
thoraeie and superior lumbar segments of the 
spinal eord (T-i-L^^.These axons innervate ganglia 
relatively elose to the spinal eord. 


Parasympathetie Division 

In the parasympathetie division, or eraniosaeral 
(krà-nè-ó-SÀ-krul) division, axons emerge from the 
brain stem nuclei and the lateral gray horns of the 
saeral segments of the spinal eord.These axons 
innervate ganglia very elose to (or vvithin) target 
organs. 



The ANS eontains two 
well-known divisions 
whose names are probably 
already familiar to you: the 
sympathetie division and 
the parasympathetie 
division. Most often, these 
two divisions have opposing 
effeets: If the sympathetie 
division causes excitation, 
the parasympathetie causes 
inhibition. However, this is 
not always the ease. The two 
divisions may work indepen- 
dently, beeanse some 
structures are innervated by 
only one division; or the two 
divisions may work together, eaeh 
eontrolling a stage of a complex proeess. In 
general, the sympathetie division “kieks in” 
only during periods of exertion, stress, or 
emergeney, and the parasympathetie division 
predominates under resting eonditions. Both 
primary divisions of the ANS inflnenee the 
third antonomie division, known as the 
enterie nervons system. 



Sympathetie 
ehain ganglia 


Lumbar nerves 
(Li^L^only) 


Thoraeie 


nerves 


<WT7 


í 


8 




10 


1 


. J 



Granial nerves 
(III, VII, IX,and 
X) 




Saeral nerves 

(S2, S3, S^only) 
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The enterie nervons system (ENS) is an extensive network of 
nenrons and nerve networks loeated in the walls of the digestive 


traet. Althongh the sympathetie and parasympathetie divisions 
inflnenee the aetivities of the ENS, many complex viseeral 
reflexes are initiated and eoordinated loeally, without 
instructions from the CNS. Altogether, the ENS has about 
100 million nenrons—at least as many as the spinal eord. 

It also uses the same neurotransmitters found in the 
brain. The ENS will be disenssed in our examination of 
the digestive system in Ghapter 22. 



Esophagus 


Stomaeh 


Large intestine 
Small intestine 


Aortie areh 


Right vagus nerve 


Autonoimìc Plexuses 
and Ganglìa 


Gardiae plexus 


Pulmonary plexus 

Thoraeie sympathetie 

ehain ganglia 

Esophageal plexus 

Geliae plexus 
and ganglion 

Superior mesenterie 

ganglion 


Inferior mesenterie 
plexus and ganglion 


Hypogastrie plexus 

Pelvie sympathetie 

ehain 



Traehea 


Left vagus nerve 


3 


In this ehapter we disenss the general 
organization of the sympathetie and parasympathetie 
divisions. In disseetion, the sympathetie and parasympa- 
thetie nerves are not elearly segregated. Instead, they form 
a complex of intertwining nerves and plexuses. To elarify 
the structure of these divisions, we will rely on diagrams. 


Thoraeie spinal nerves 


Esophagus 


Splanehnie nerves 


Diaphragm 

Superior mesenterie artery 


Inferior mesenterie artery 


Modyle 14.2 Revíew 


a. Identify the major divisions ofthe ANS. 

b. VVhieh division ofthe ANS is 
responsibleforthe physiologieal 
ehanges you experience when startled 
by a loud noise? 

e. Gomparetheanatomyofthe 

sympathetie division with that of the 
parasympathetie division. 


(5) 14.2 List the divisions ofthe ANS and 
the general functions of eaeh. 
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Module14.3 


Sympathetíe Divisíon of the ANS 




The sympathetie division has ehain ganglia, 

eollateral ganglia, and the adrenal medollae 


Organization of the Sympathetie Division 



In the sympathetie division, preganglionie nenrons from the thoraeie and snperior 
Inmbar segments of the spinal eord synapse on ganglionie nenrons that may be 
loeated (1) within the sympathetie ehain of ganglia near the spinal eord, (2) in eollateral 
ganglia that lie within the thoraeie or abdominopelvie eavities, or (3) within modified 
ganglion eells in the adrenal mednllae. Beeanse the ganglionie nenrons are relatively elose 
to the vertebral eolnmn, the axons of the preganglionie nenrons (preganglionie fibers) are 
short eompared to axons of the ganglionie nenrons (postganglionie fibers). 


Preganglìonìe 



Ganglìonie Neurons 


Eaeh sympathetìe ehaín 

eonsists of a series of 
intereonneeted ganglia 


Neurons 


loeated on either side of the 
vertebral column. 


Lateral gray 
horns of 
spinal 
segments 

TrL. 


The eollateral ganglìa, 
loeated within the abdomino- 
pelvie eavity, include the 

eelíae, superíor mesenterìe, 
and ínferíor mesenterìe 
ganglía. 

The eenter of eaeh adrenal 
gland eontains a sympathetie 
ganglion, the adrenal 
medulla, that aets as an 
endoerine organ. 


The sympathetie division prepares the body for heightened 
levels of somatie aetivity. When fnlly aetivated, this division 
prodnees what is known as the “fight or flight” response, which 
readies the body for a erisis that may require sudden, intense 
physieal aetivity. The general pattern of responses to inereased 
levels of sympathetie aetivity inelndes the following ehanges: 

(1) heightened mental alertness, (2) inereased metabolie rate, 
(3) deereased digestive and nrinary fnnetions, (4) mobilization 
of energy reserves, (5) dilation of respiratory passageways and 
inereased respiratory rate, (6) inereased heart rate and blood 
pressnre, and (7) aetivation of sweat glands. 


Ganglionie neurons in 
the sympathetie ehain 
and eollateral ganglia 
exert their effeets 
through innervation of 
peripheral target organs. 


Ganglionie neurons in 
the adrenal medullae 
affeet target organs 
throughout the body by 
releasing hormones into 
the general circulation. 


KEY 





Preganglionie fibers 

Postganglionie fibers 

Hormones released 
into circulation 


• 1 


Target Organs 



Viseeral effeetors 
in thoraeie eavity, 
head, body wall, 
and limbs 


Viseeral effeetors 
in abdomino- 
pelvie eavity 


Organs and systems 
^ throughout the 
body 


512 • Chapterl4:TheAutonomicNervousSystem 












































Parasympathetie Division of the ANS 



... vvhereas the parasympathetie division 

has terminal or intramoral ganglia 


Organization of the Parasympathetie Division 


2 


In the parasympathetie division, a typieal preganglionie fiber synapses 
on six to eight ganglionie nenrons. These nenrons may be loeated in 
terminal ganglía; loeated near the target organ, or in íntramnral ganglia 
{murus, wall), which are embedded in the tissnes of the target organ. Terminal 
ganglia are nsnally paired. Examples of terminal ganglia inelnde the parasym- 
pathetie ganglia assoeiated with the eranial nerves. Intramnral ganglia 
typieally eonsist of intereonneeted masses and elnsters of ganglion eells. 


Preganglìonìe 


Neurons 


The midbrain, pons, and 
medulla oblongata 
eontain parasympathetie 
nuclei assoeiated with 


eranial nerves III, VII, IX, 
and X. 


Parasympathetie nuclei lie in 
the lateral gray horns of saeral 
spinal eord segments S 2 -S 4 . 



eìlíary ganglía 


Pterygopalatìne and 
submandìbular 
ganglía 


Otìeganglía 


lntramural ganglia 


lntramural ganglia 


KEY 




Preganglionie fibers 
Postganglionie fibers 



intrinsie eye muscles 
(pupil and lens shape) 


Nasal glands, tear 
glands, and salivary 
glands 


Parotid salivary glands 


Viseeral organs 
of neek, 
thoraeie eavity, 
and most of 
abdominal eavity 


Viseeral organs in 
inferior portion of 
abdominopelvie 
eavity 


The parasympathetie division is eoneerned with eonserving 
energy and regnlating viseeral fnnetion. It is known as the “rest 
and digest” system. The overall pattern of responses to inereased 
levels of parasympathetie aetivity inelndes the foIIowing 
ehanges: (1) deereased metabolie rate, (2) deereased heart rate 
and blood pressnre, (3) inereased seeretion by salivary and 
digestive glands, (4) inereased motility and blood flow in the 
digestive traet, and (5) stimnlation of nrination and defeeation. 


IVIodule 14.3 Revìew 


a. List general responses to inereased sympathetie 
aetivity and to parasympathetie aetivity. 

b. Starting in thespinal eord, traee the path ofa nerve 
impulse through the sympathetie ANS to its target 
organ in the abdominopelvie eavity. 

e. Deseribean intramural ganglion. 


14.3 Deseribe the structures and functions ofthe 
sympathetie and parasympathetie divisions of the ANS. 
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Module14.4 


Sympathetíe Division of the ANS 



The two ANS divisions innervate many of the same 
structures, but the innervation patterns are different 


innervation in the Sympathetie Division 



Cardiopulmonary splanehnie 
nerves — 


Gardiaeand 

pulmonary plexuses^^ ^ 

Geliae ganglion ^ 

Superior mesenterie ganglion 


Splanehnie 

nerves 

(SEE NOTE 2) 


Greater 


Lymbar 


Inferior 

mesenterie 

ganglion 


Saeral 


Uterus 


Scrotum 


The distribution of sympathetie fibers is the same on both sides of the body. For simplieity, 
the left side of this image shows the distribution to the skin (and to skeletal mnseles and 
other tissnes of the body wall), whereas the right side depiets the innervation of viseeral organs. 


Gervieal 
sympathetie - 
ganglia 


Postganglionie fibers to 
spinal nerves (innervating 
skin, blood vessels, sweat 
glands, arreetor pili 
muscles, adipose tissue) 


Salivary 

glands 


Heart 


NOTE 1 


Superior 


Middle 


Inferior 


Gray rami to 


spinal nerves 


SEENOTE 1 


Liver and 
gallbladder 

Stomaeh 


Spleen 

Panereas 


intestine 

Small 

intestine 


Sympathetie 


ehain ganglia 


Goeeygeal 
ganglia (Co^) 
fused together 


^ Adrenal 
medulla 

Kidney 


Urinary bladder 


Every spinal nerve has a gray ramus that 
earries sympathetie postganglionie fibers for 
distribution in the body wall and limbs. In 
the head and neek, postganglionie sympa- 
thetie fibers leaving the superior eervieal 
sympathetie ganglia supply the regions 


innervated by eranial nerves III, VII, IX, and X. 
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NOTE2 

Splanehnìe (SPLANK-nik) nerves supply the viseera. 
There are three groups: cardiopulmonary, abdominopel- 
vie, and pelvie. Postganglionie fibers innervate the heart 
and lungs of the thoraeie eavity; preganglionie fibers 
synapse in eollateral ganglia (eeliae, superior mesenterie, 
and inferior mesenterie) and innervate the viseera of the 
abdominopelvie eavity; and, postganglionie fibers 
inferior to L^ innervate the pelvie eavity. 


KEY 


Preganglionie neurons 
Ganglionie neurons 































































































































































Parasympathetie Divìsion of the ANS 



Innervation in the Parasympathetie Division 


2 


This image shows the parasympathetie innervation on one side 
of the body; the innervation on the opposite side (not shown) 


follows the same pattern. 


Pterygopalatine ganglion 


Heart 


Lungs 



Laerimal gland 


Salivary glands 


The vagus nerve (X) alone 
provides roughly 75 pereent 
of all parasympathetie 
outflow.The numerous 
branehes of the vagus nerve 
intermingle with pregangli- 
onie and postganglionie fibers 
of the sympathetie division, 
forming plexuses eomparable 
to those formed by spinal 
nerves innervating the limbs. 


Liver and 
gallbladder 

Stomaeh 


Spleen 

Panereas 


The preganglionie fibers in the 
saeral segments of the spinal 
eord earry the saeral parasym- 
pathetie output. These fibers 
do not join the ventral roots of 
the spinal nerves. Instead, the 
preganglionie fibers form 
distinet pelvìe nerves, which 
innervate intramural ganglia 
in the walls of the kidneys, 
urinary bladder, terminal 
portions of the large intestine, 
and sex organs. 


Large 

intestine 

Small 

intestine 

Rectum 


Kidney 


Llrinary bladder 


Modyle 14.4 Revìew 


a. Definesplanehnie nerves. 

b. Name the plexuses innervated by the 
vagus nerve. 

e. VVhieh nerve earries most of the 
parasympathetie outflow? 


14.4 Deseribe the innervation patterns of the sympathetie 
and parasympathetie divisions of the ANS. 
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Module14.5 


Sympathetíe Division of the ANS 



Membrane reeeptors at target organs 
mediate the effeets of sympathetie 
and parasympathetie stimulation 

Neurotransmitter Release in the Sympathetie Division 

The effeets of sympathetie stimulation result primarily from the interaetions of norepinephrine (NE) 
and epinephrine (E) with adrenergie reeeptors in the plasma membrane. There are two elasses of 
sympathetie adrenergie reeeptors: alpha reeeptors and beta reeeptors. In general, NE stimnlates 
alpha reeeptors to a greater degree than it does beta reeeptors, whereas E stimnlates both elasses of 
reeeptors. Loealized sympathetie aetivity involving the release of NE at sympathetie terminals primar- 
ily affeets alpha reeeptors loeated near those terminals. The effeets typieally persist for a few seeonds. 
By eontrast, generalized sympathetie aetivation and release of E and NE by the adrenal mednllae 
affeet alpha and beta reeeptors throughout the body. Tissue eoneentrations of E and NE released by 
the adrenal mednllae remain elevated for as long as 30 seeonds, and the metabolie effeets may persist 
for several minntes. Beeanse the adrenal mednllae release three times as much E as they do NE, 
during sympathetie aetivation the effeets of beta reeeptors predominate. 



Stimulation of alpha (a) reeeptors aetivates 
their assoeiated G proteins on the eytoplasmie 
side of the plasma membrane. Depending on 
reeeptor type, their aetivation triggers different 
aetivities in the eell. Stimnlation of alpha-1 reeeptors 
generally excites the target eell, whereas stimnlation 


2 


Beta (p) reeeptors are loeated on the plasma 


membranes of eells in many organs, inelnding 
skeletal mnseles, the lungs, the heart, and the liver. 
Stimnlation of beta reeeptors and G protein aetiva- 
tion triggers ehanges in the metabolie aetivity of the 
target eell. The three types of beta reeeptors are 


of alpha-2 reeeptors generally inhibits the target eell. beta-1 (p^), beta-2 (p^), and beta-3 (P 3 ). 


Norepinephrine 

o 


Epinephrine 




Alpha 

reeeptor 


G protein 
(inaetive) 



G protein 
aetivated 


Ifa^ 

reeeptor 



Ifa^ 

reeeptor 


Seeond messengers 

aetivated 


Reduction of 
eAMP levels 



Release of 


Inhibition of 

from ER 


eell 



Smooth muscle 


Gland eell 

eontraetion 


seeretion 


Plasma membrane 


Beta 

reeeptor 


G protein 
(inaetive) 


Beta 

reeeptor 


G protein 
aetivated 


reeeptor 


Gardiae muscle 
stimulation and 
inereased tissue 
metabolism 


Aetivation of 
adenylate eyelase 



Relaxation of smooth 
muscle in respiratory 
passages and in the blood 
vessels of skeletal muscle 


Release of fatty aeids 
by adipose tissuefor 
metabolie use in 
othertissues 


eYTOPLASM OF TARGET CELL 


eVTOPLASM OF TARGET CELL 
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Parasympathetie Division of the ANS 



Neurotransmitter Release in the Parasympathetie Division 

Although all the synapses and neuromuscular or neuroglandular junctions 
of the parasympathetie division use the same transmitter—aeetyleholine 
(ACh)—two types of eholinergie reeeptors occur on the postsynaptie 
membranes: nieotinie reeeptors and mnsearinie reeeptors. 


3 


Nieotinie (nik-ó-TIN-ik) reeeptors are found on 
all postganglionie nenrons, adrenal mednllae eells, 


and at the neuromuscular jnnetions of skeletal muscle 
fibers. ACh always excites the ganglionie neuron or 
muscle fiber by opening ehemieally 
gated ehannels in the postsynaptie 
membrane. Nieotinie reeeptors 
are also stimnlated by nieotine, 
a powerful toxin that ean be 
obtained from a variety of 
sonrees, inelnding tobaeeo. 



4 


Muscarinic (mus-ka-RIN-ik) reeeptors are G protein-eonpled 


reeeptors. They occur at eholinergie neuromuscular or 
neuroglandular jnnetions in the parasympathetie division, and at the 
few eholinergie jnnetions in the sympathetie division. Mnsearinie 
reeeptor stimnlation and G protein 
aetivation prodnees longer-lasting 
effeets than does the stimnlation of 
nieotinie reeeptors. The response, 
which refleets the aetivation or 
inaetivation of speeifie enzymes, 
ean be either excitatory or inhibitory. 

Mnsearinie reeeptors are stimnlated by 
mnsearine, a toxin prodneed by some 
poisonons mnshrooms. 




eYTOPLASM OF TARGET CELL 




Masearinie 

reeeptor 


reeeptor 


Aetivation/inaetivation 
of speeifie enzymes 


eVTOPLASM OF TARGET CELL 



Modyle 14.5 Revìew 


a. Gompare and eontrast alpha and beta reeeptors. 

b. A person with high blood pressure (hypertension) 

is preseribed a drug that bloeks beta reeeptors. How 
could this medieation alleviate hypertension? 

e. Gompare nieotinie reeeptors with muscarinic reeeptors. 


14.5 Deseribe the types of sympathetie and parasympathetie 
reeeptors and their assoeiated neurotransmitters. 
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Module14.6 


r 


Sympathetk Dìvisíon of the ANS 


The functìonal dìfferenees betvveen the 

two ANS dìvìsíons refleet theír dívergent 
anatomíeal and physiologíeal eharaeteristies 


Functional Characteristics of the Sympathetie Division 


Unlike the parasympathetie division, the entire sympathetie 
division ean be quickly aetivated. This table summarizes the 
effeets of sympathetie aetivation. 



2 


This illnstration and the table below it 
snmmarize the anatomieal eharaeteristies 


of the sympathetie division of the ANS. 


Effeets of Sympathetie Aetivation 


The sympathetie division ean ehange the aetivities of tissues 
and organs by releasing NE at peripheral synapses, and by 
distributing E and NE throughout the body in the blood- 
stream.The viseeral motor fibers that target speeifie effeetors, 
such as smooth muscle fibers in blood vessels of the skin, ean 
be aetivated in reflexes that do not involve other viseeral 
effeetors. 

In a erisis, hovvever, the entire division responds.This event, 
ealled sympathetìe aetìvatìon, is eontrolled by sympathetie 
eenters in the hypothalamus. The effeets are not limited to 
peripheral tissues; sympathetie aetivation also alters CNS 
aetivity. During sympathetie aetivation, the follovving ehanges 
occur: 

• inereased alertness by stimulation of the reticular aetivating 
system, causing the person to feel "on edge." 

• A feeling of energy and euphoria, often assoeiated vvith a 
disregard for danger and a temporary insensitivity to painful 
stimuli. 

• inereased aetivity in the cardiovascular and respiratory 
eenters of the pons and medulla oblongata, leading to 
elevations in blood pressure, heart rate, breathing rate, and 
depth of respiration. 

• A general elevation in muscle tone through stimulation of 
the medial and lateral pathvvays, so the person looks tense 
and may begin to shiver. 

• Mobilization of energy reserves, through the aeeelerated 
breakdovvn of glyeogen in muscle and liver eells and the 
release of lipids by adipose tissues.These ehanges, plus the 
peripheral ehanges already noted, eomplete the prepara- 
tions neeessary for the person to eope vvith a stressful 
situation. 



eharaeterìstìe 

Sympathetie Division 

Loeation of CNS 
viseeral motor neurons 

Lateral gray horns of spinal 
segmentsTi-L^ 

Loeation of PNS ganglia 

Near vertebral column 

Preganglionie fibers 
Neurotransmitter 

Short 

ACh 

Postganglionie fibers 
Neurotransmitter 

Long 

Normally NE, sometimes NO 
or ACh 

General functions 

Stimulates metabolism; 
inereases alertness; prepares 
for emergeney ("fight or flight") 
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Parasympathetíe Divìsíon of the ANS 



Fonetional Gharaeteristies of the Parasympathetie Division 


3 


This illustration and the table below it 
summarize the anatomieal eharaeteristies 


of the parasympathetie division of the ANS. 


The parasympathetie division does not release nenrotransmitters 
direetly into the bloodstream, so it does not nndergo a division-wide 
aetivation. This table snmmarizes the effeets of parasympathetie stimnlation. 



Parasympathetie 


Preganglionie 


neuron 


Preganglionie 

fiber 


Ganglionie 

neuron 


Postganglionie 

fiber 



TARGET 


CNS 

PNS 


Parasympathetie 

ganglion 


eharaeterìstk 

Parasympathetìe Dìvìsion 

Loeation of CNS 

Brain stem and spinal 

viseeral motor neurons 

segments S 2 -S 4 

Loeation of PNS ganglia 

Typieally intramural 

Preganglionie fibers 

Relatively long 

Neurotransmitter 

ACh 

Postganglionie fibers 

Relatively short 

Neurotransmitter 

ACh 

General functions 

Promotes relaxation, nutrient 
uptake, energy storage ("rest 
and digest") 


Effeets of Parasympathetie Aetivation 


Llnder normal eonditions, the entire parasympathetie division— 
unlike the sympathetie division—is neither eontrolled nor aetivated 
as a whole. Although it is aetive continuously, the aetivities are reflex 
responses to eonditions within speeifie structures or regions. 
Examples ofthe majoreffeets produced by the parasympathetie 
division include thefollowing: 

• Gonstrietion of the pupils (to restriet the amount of light that 
enters the eyes) and focusing of the lenses of the eyes on nearby 
objeets. 

• Seeretion by digestive glands, including salivary glands, gastrie 
glands, duodenal glands, intestinal glands, the panereas (exocrine 
and endoerine), and the liver. 

• Seeretion of hormones that promote the absorption and utiliza- 
tion of nutrients by peripheral eells. 

• ehanges in blood flow and glandular aetivity assoeiated with 
sexual arousal. 

• inereased smooth muscle aetivity along the digestive traet. 

• Stimulation and eoordination of defeeation. 

• Gontraetion of the urinary bladder during urination. 

• Gonstrietion of the respiratory passageways. 

• Reduction in heart rate and in the foree of eontraetion. 

These functions eenter on relaxation, food proeessing, and energy 
absorption.The parasympathetie division has been ealled the 
anabolìe system (anabole, a raising up) because its stimulation 
leads to a general inerease in the nutrient eontent of the blood. Gells 
throughout the body respond to this inerease by absorbing nutri- 
ents and using them to support growth, eell division, and the 
ereation of energy reserves in the form of lipids or glyeogen. 


Module 14.6 Revíew 


a. What physiologieal ehanges are typieal in a tense (or anxious) person? 

b. What neurotransmitter is released by all parasympathetie neurons? 
e. Why is the parasympathetie division ealled the anabolie system? 


14.6 Deseribe the meehanisms of neurotransmitter release in the ANS, 
and explain the effeets of neurotransmitters on target organs and tissues. 
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Labelíng 

Fill in the missing labels in this diagram of the 
sympathetie division of the ANS. 



4 




l1 


u- 


9 



. $ 


eoneept map 

Use eaeh of the follovving terms onee to fìll in the 
blank boxes to eorreetly eomplete the map. 

sympathetie division 
eraniosaeral division 
eranial nerves III, VII, IX, X 
thoracolumbar division 
parasympathetie division 
saeral nerves 
thoraeie nerves 
enterie nervous system 
lumbar nerves 



Matehíng 


Mateh eaeh lettered term vvith the most elosely related deseription. 


a. nieotinie, muscarinic 


eollateral ganglia 


b. seerete norepinephrine 


Parasympathetie neurotransmitter 


e. reeeptors 


Sexual arousal 


d. alpha, beta 


Adrenal medullae 


e. eholinergie 


eholinergie reeeptors 


f. splanehnie nerves 


Determines neurotransmitter effeets 


g. aeetyleholine 


All parasympathetie neurons 


h. parasympathetie aetivation 


Adrenergie reeeptors 
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Module14.7 


SECTION 2 • Autonomìc Regulatìon and eontrol Meehanìsms 



The ANS adjusts viseeral motor 
responses to maìntaìn homeostasìs 

If all consciousness were eliminated, vital physiologieal proeesses would 
continue virtually unchanged; after all, a night s sleep is not a life-threatening 
event. Longer, deeper states of unconsciousness are not neeessarily more 
dangerons, as long as nonrishment and other basie eare are provided. 

People who have snffered severe brain injnries ean snrvive in a eoma for 
deeades. Over that period, the ANS eontinnes to adjust aetivities of the 
digestive, cardiovascular, respiratory, and reprodnetive systems to maintain 
homeostasis without instructions or interferenee from the eonseions mind. 



This flowchart gives a general 
overview of the way sensory 
information is distribnted and motor 
eommands are issued by the nervons 
system. 


eentral nervous system 
(CNS) proeessíng 


Sensory proeessing 

eenters 


Proeessing at the conscious 
level, which ean be affeeted by 
memory, learning, or planning 



Motor eenters operating 
at the subconscious level 


Sensory pathways 



Start 




Stimulus 



General sensory 
reeeptors 



Motor Responses 


Motor pathways 



Somatìe 



Vìseeral 


Somatie nervous 


Autonomic nervous 

system (SNS) 


system (ANS) 



Somatie effeetors 


Viseeral effeetors 

(skeletal muscles) 


(smooth muscles. 



glands, eardiae 



muscle, adipoeytes) 





The output of the ANS has an impaet on virtnally every 
body system. This seetion eonsiders those effeets and how 
antonomie output is eoordinated and direeted. 


Modyle 14.7 Revìew 


a. Explain the signifieanee ofthe ANS to homeostasis. 

b. Name the two types of motor pathways. 

e. Identify somatie effeetors and viseeral effeetors. 


(S) 14.7 Deseribe the role of the ANS in maintaining homeostasis during unconsciousness. 
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Module14.8 

j 


The ANS provides preeíse eontrol over vìseeral fonetions 



This table lists the effeets of sympathetie and parasympathetie innervation on major organs 
and systems of the body. Even in the absenee of stimnli, antonomie motor nenrons maintain 
a eontinnons level of spontaneons aetivity ealled autonomic tone. Many vital organs reeeive dual 
innervation, reeeiving instrnetions from both the sympathetie and parasympathetie divisions. The 
effeets may be opposing or eomplementary. In eases where only the sympathetie division provides 
innervation, the response may still vary widely depending on the type of reeeptor stimnlated. 


A Functíonal Comparison of the Sympathetie and Parasympathetie Divisions of the ANS 

Structure 

Sympathetìe Effeets (reeeptor type) 

Parasympathetìe Effeets (all eholinergie) 

Eye 




Dilation of pupil (ad; aeeommodationfordistaneevision (P^) 

i - 

Gonstrietion of pupil; aeeommodation for elose vision 


Laerìmal glands None (not innervated) Seeretion 




Sweat glands 

inereased seeretion, palms and soles (ad; generalized 
inerease in seeretion (eholinergie) 

None (not innervated) 

Arreetor pìlí muscles 

Gontraetion; ereetion of hairs (ad 

None (not innervated) 

Cardìovascular System 



Blood vessels 

To skin 

Dilation (P^ and eholinergie); eonstrietion (ad 

None (not innervated) 

To skeletal muscles 

Dilation (P^ and eholinergie) 

None (not innervated) 

To heart 

Dilation (P^); eonstrietion (ai, a^) 

None (not innervated) 

To lungs 

Dilation (P^); eonstrietion (a^) 

None (not innervated) 

To digestive viseera 

Gonstrietion (ad; dilation (a^) 

None (not innervated) 

To kidneys 

Gonstrietion, deereased urine production (ai, a^); dilation, 
inereased urine production (Pi, P^) 

None (not innervated) 

To brain 

Dilation (eholinergie) 

None (not innervated) 

Veìns 

Gonstrietion (a^, P^) 

None (not innervated) 

Heart 

Inereased heart rate, foree of eontraetion, and blood 

Deereased heart rate, foree of eontraetion, and blood 


pressure (a^, Pd 

pressure 

Endoerìne System 



Adrenal gland 

Seeretion of epinephrine, norepinephrine by adrenal 
medulla 

None (not innervated) 

Neurohypophysís 

Seeretion of ADH (Pd 

None (not innervated) 

Panereas 

Deereased insulin seeretion (a^) 

inereased insulin seeretion 

Pìneal gland 

inereased melatonin seeretion (P^P^) 

Inhibition of melatonin synthesis 

Respìratory System 



Aìrways 

inereased airway diameter (P^) 

Deereased airway diameter 

Seeretory glands 

l\/lucous seeretion (ad 

None (not innervated) 

Dìgestìve System 



Salívary glands 

Production of viscous seeretion (a^, Pd eontaining mucins 
and enzymes 

Production of copious, watery seeretion 

Sphíneters 

Gonstrietion (ad 

Dilation 

General level of aetívìty 

Deereased (a^, P^) 

inereased 

Seeretory glands 

Inhibition (a^) 

Stimulation 

Lìver 

Glyeogen breakdown, glucose synthesis and release (a^, P^) 

Glyeogen synthesis 

Panereas 

Deereased exocrine seeretion (ad 

inereased exocrine seeretion 
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A Functional Connparìson of the Sympathetie and Parasympathetie Divisions of the ANS (Continued) 


Structure Sympathetìe Effeets (reeeptor type) Parasympathetìe Effeets (all eholínergíe) 


IVIuscular System 



inereased foree of eontraetion, glyeogen breakdown (P^) 

None (not innervated) 


Faeilitation of ACh release at neuromuscular junction (a^) 

None (not innervated) 

Adìpose Tìssue 




Lipolysis, fatty aeid release (oi, Pi, P 3 ) 

None (not innervated) 

IJrìnary System 



Kìdneys 

Seeretion of renin (Pi) 

Dneertain effeets on urine production 

llrìnary bladder 

Gonstrietion of internal sphineter; relaxation of urinary 
bladder (oi, P 2 ) 

Tensing of urinary bladder, relaxation of internal 
sphineter to eliminate urine 

IVIale Reproductìve System 




inereased glandular seeretion and ejaculation (oi) 

Ereetion 

Female System 


inereased glandular seeretion; eontraetion of pregnant 
uterus (oi) 

Variable (depending on hormones present) 


Relaxation of nonpregnant uterus (Pi) 

Variable (depending on hormones present) 


At rest, both ANS 
divisions are aetive 
at low levels, but 
parasympathetie 
effeets predominate. 


inereased 
parasympathetie 
stimulation 
lowers the 
heart rate. 


Parasympathetie 
inhibition or sympathetie 
stimulation inereasesthe 
heart rate. The balanee 
between these faetors 
ean be preeisely adjusted. 


inereased sympathetie 
stimulation eombined 
with parasympathetie 
inhibition inereases the 
heart rate to maximum 
levels. 








Time 


2 


This graph shows the effeets of dual innervation on the heart. The heart 
eonsists of eardiae muscle tissue, and its eontraetions are triggered by 


speeialized paeemaker eells. The two antonomie divisions have opposing 
effeets on paeemaker fnnetion. ACh released by the parasympathetie division 
rednees the heart rate, whereas NE released by the sympathetie division 
aeeelerates the heart rate. Beeanse antonomie tone exists, small amonnts of 
both nenrotransmitters are released continuously. However, under resting 
eonditions, the effeets of parasympathetie innervation predominate. 


IVIodule 14.8 Revìew 


a. Definedual innervation. 

b. Explain autonomic tone and its signifieanee 
in eontrolling viseeral function. 

e. You go outside on a eold day and blood 
flow to your skin is reduced, eonserving 
body heat. You beeome angry, and your 
faee turns red. Explain these ehanges. 


14.8 Discuss the relationship between the two divisions 
of the ANS and the signifieanee of dual innervation. 
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Module14.9 

j 


Most viseeral functíons are 
eontrolled by vìseeral reflexes 

Viseeral reflexes provide automatic motor responses that ean be 
modified, faeilitated, or inhibited by higher eenters, espeeially those of 
the hypothalamus. All viseeral reflexes are polysynaptie. Eaeh viseeral 
reflex are eonsists of a reeeptor, a sensory neuron, a proeessing eenter 
(one or more internenrons), and one or two viseeral motor nenrons. 



Short reflexes bypass the CNS entirely. 
They involve sensory neurons and 
interneurons whose eell bodies are loeated 
within autonomic ganglia. The interneurons 
synapse on ganglionie neurons, and the 
motor eommands are then distributed to 
effeetors by postganglionie fibers. Short 
reflexes eontrol very simple motor responses 
with loealized effeets. In general, short 
reflexes eontrol aetivity in one small part of a 
target organ, whereas long reflexes eoordi- 
nate the aetivities of an entire organ. Short 
reflexes predominate in the enterie nervons 
system, which operates largely outside of the 
awareness and eontrol of the CNS. 


Stimulus 




Reeeptors in 
peripheral tissue 


Response 


Peripheral 

effeetor 



Afferent 
(sensory) fibers 


Autonomic 

ganglion 


Ganglionie 

neuron 


2 


Long reflexes are the autonomic 
equivalents of the polysynaptie 


reflexes introduced in Modnle 12.11 (p. 449). 
Viseeral sensory neurons deliver informa- 
tion to the CNS along the dorsal roots of 
spinal nerves, within the sensory branehes 
of eranial nerves, and within the autonomic 
nerves that innervate viseeral effeetors. 
Interneurons proeess the information 
within the CNS, and the ANS earries the 
motor eommands to the appropriate 
viseeral effeetors. Although short reflexes 
are present in the sympathetie and 
parasympathetie divisions, long reflexes 
predominate, and they are responsible for 
eoordinating responses involving multiple 
organ systems. 


Stimulus 




Gentral nervous 
system 


Reeeptors in 
peripheral tissue 


Response 


Peripheral 

effeetor 


Proeessing eenter 
in spinal eord 


Preganglionie 

neuron 


Autonomic 

ganglion 
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eommon Viseeral Ref1exes 


Reflex 

Stìmulus 

Response 

eomments 


Cardioacceleratory ref1ex 

Sudden deerease in earotid blood 
pressure 

inerease in heart rate and foree of 
eontraetion 

Goordinated in eardiae eenters of 
medulla oblongata 

uj 

X 

Vasomotor reflexes 

ehanges in blood pressure in major 
arteries 

ehanges in diameter of peripheral 
vessels 

Goordinated in vasomotor eenter in 
medulla oblongata 

£ 

>- 

Pupíllary ref1ex 

Low light level reaehing visual 
reeeptors 

Dilation of pupil 


Ejacu1atíon (ín males) 

Erotie stimuli (primarily taetile) 

Skeletal muscle eontraetions 
ejeeting semen 



Gastríe and íntestínal 
ref1exes 

Pressure and physieal eontaet 

Smooth muscle eontraetions that 
propel food materials and mix them 
with seeretions 

By vagus nerve 


Defeeation 

Distention of rectum 

Relaxation of internal anal sphineter 

Requires voluntary relaxation of 
external anal sphineter 

uj 

X 

llrination 

Distention of urinary bladder 

Gontraetion of walls of urinary 
bladder; relaxation of internal 
urethral sphineter 

Requires voluntary relaxation of 
external urethral sphineter 

ì 

E 

Direet light and 
consensual light ref1exes 

Bright light shining in eye(s) 

Gonstrietion of pupils of both eyes 


< 

ee 

£ 

Swallowing ref1ex 

Movement of food and liquids into 
pharynx 

Smooth muscle and skeletal muscle 
eontraetions 

Goordinated by medullary 
swallowing eenter 

Coughing reflex 

Irritation of respiratory traet 

Sudden explosive ejeetion of air 

Goordinated by medullary coughing 
eenter 


Baroreeeptor reflex 

Sudden inerease in earotid blood 
pressure 

Reduction in heart rate and foree of 
eontraetion 

Goordinated in eardiae eenters of 
medulla oblongata 


Sexual arousal 

Erotie stimuli (visual or taetile) 

inereased glandular seeretions, 
sensitivity, ereetion 



interoeeptors províde 
víseeral sensory ínformatíon. 


The víseeral sensory ínformatíon 
ís delivered to the solítary nucleus. 



IVloyth, palate, 
pharynx, larynx, 
traehea, esophagus, 
and assoeiated 
vessels and glands 


Viseeral organs 
loeated betvveen 
the diaphragm and 
the pelvie eavity 


Organs in the 
inferior portion of 
the pelvie eavity 




The axons of the viseeral 
sensory neurons usually travel 
in eompany vvith autonomic 
motor fibers innervating the 
same viseeral structures. 


Granial nerves V, VII, IX, and X 



A solitary nucleus is 
loeated on eaeh side of 
the medulla oblongata. 


Eaeh solitary nucleus is a major proeessing and 
_k sorting eenter for viseeral sensory information; 
Dorsal roots of spinal nervesT-i-L^ y it has extensive eonneetions vvith the various 

n/ cardiovascular and respiratory eenters as vvell as 

vvith the reticular formation.The information is 
_K seldom relayed to higher eenters, so vve remain 
Dorsal roots of spinal nerves S 2 -S 4 ^ unavvare of the sensations or the resulting 

motor responses. 


3 


Viseeral sensory information is eolleeted by interoeeptors monitor- 
ing viseeral tissnes and organs, primarily within the thoraeie and 


abdominopelvie eavities. These interoeeptors inelnde noeieeptors, thermo- 
reeeptors, taetile reeeptors, baroreeeptors, and ehemoreeeptors, althongh 
none of them are as nnmerons as they are in somatie tissnes. Almost all of 
the proeessing of this sensory information is done at the snbeonseions 
level, in nnelei in the spinal eord and the solitary nuclei in the brain stem. 

(S) 14.9 Define a viseeral reflex, and explain 
the signifieanee of such reflexes. 


Modnle 14.9 Revíew 


a. Define viseeral reflex. 

b. Gompare short reflexes with long reflexes. 
e. Deseribethesolitary nucleus. 
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Module 14.10 


Ba ro reee pto rs and ehemoreeeptors 

ìnitíate ímportant aotonomíe reflexes 
ínvolvíng víseeral sensory pathvvays 

Baroreeeptors and ehemoreeeptors play key roles in the eontrol 
of viseeral fnnetion by the antonomie nervons system. 



Baroreeeptors are streteh reeeptors that monitor ehanges in pressnre. The 
reeeptor eonsists of free nerve endings that braneh within the elastie tissnes in 
the walls of hollow organs, blood vessels, and tnbes in the respiratory digestive, and 
nrinary traet. When the pressnre ehanges, the elastie walls of these strnetnres 
streteh or reeoil. These ehanges in shape distort the reeeptor s dendritie branehes 
and alter the rate of aetion potential generation. Baroreeeptors monitor blood 
pressnre in the walls of major vessels, inelnding the earotid artery (at the earotid 
sinus) and the aorta (at the aortie sinus). The 
information provided by these baroreeeptors plays 
a major role in regnlating eardiae fnnetion and 
adjnsting blood flow to vital tissnes. Baroreeeptors 
in the Inngs monitor the degree of lung expansion. 

This information is relayed to the respiratory 
rhythmieity eenters in the medulla oblongata, 
which sets the paee of respiration. Baroreeeptors 
in the nrinary and digestive traets trigger a variety 
of viseeral reflexes, such as urination. 


Baroreeeptors of 
Dìgestìve Traet 




Provide information on 
volume of eontents 
within traet segments, 
trigger reflex movement 
of materials along traet 


Baroreeeptors of 

Bladder Wall 



Provide information 
on volume of urinary 
bladder, trigger urination 
ref 1 ex 




Baroreeeptors of Garotìd Sinus 


and Aortíe Sínus 


Provide information on blood 
pressure to cardiovascular and 
respiratory eontrol eenters 


Baroreeeptors of Lungs 


Provide information on lung 
stretehing to respiratory 
rhythmieity eenters for eontrol of 
respiratory rate 


Baroreeeptors of Colon 


Provide information on volume 
offeeal material in eolon, trigger 
defeeation reflex 
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ehemoreeeptors are speeialized neurons that deteet small ehanges in the eoneentra- 


tions of speeifie ehemieals or compounds. Ghemoreeeptors are found (1) within the 
mednlla oblongata and elsewhere in the brain, (2) in the earotid bodies, near the origin of 
the internal earotid arteries on eaeh side of the neek, and (3) in the aortie bodies between the 
major branehes of the aortie areh. (The earotid bodies and aortie bodies are small tissue masses 
of reeeptors and snpporting eells.) The nenrons in the respiratory eenters in the mednlla 
oblongata monitor the pH and Peo^ eerebrospinal fluid. The earotid and aortie bodies 
monitor the pH and levels of earbon dioxide (Peo^) oxygen (Po^) arterial blood. These 
ehemoreeeptors play an important role in the reflexive eontrol of respiration and eardio- 
vasenlar fnnetion. (The symbol 
P refers to the partial 
pressnre of a single gas in 
a mixture of gases, such 
as air. As we will discuss 
in ehapter 21, differ- 
enees in partial pressnre 
drive the diffnsion of 
gases in the lungs and 
body tissnes.) 



ehemoreeeptors ìn Respìratory 
Genters in the Medolla Oblongata 

ehemoreeeptors within the respiratory 
eenters of the medulla oblongata 
respond to the eoneentration of 
hydrogen ions (pH) and earbon dioxide 
(P(-Q ) in eerebrospinal fluid. 


Sensitive to ehanges in the pH, Pqq , 
and in arterial blood 

U2 





Trigger reflexive 
adjustments in 
depth and rate of 
respiration 



By eranial 
nerve IX 



-—— 


ehemoreeeptors of Aortíe Bodíes 

Sensitive to ehanges in the pH, Pqq , 
and Pr^ in arterial blood 

U2 


By eranial 
nerve X 



Trigger reflexive 
adjustments in 
respiratory and 
cardiovascular 
aetivity 




Braneh of eranial nerve IX 

Internal earotid 
External earotid 


'j 



Garotid body 
Garotid sinus 


Gommon earotid 



earotid body 


LM X 400 


ehemoreeeptors 


Blood vessel 


3 


Enlarged view of the earotid sinus 
and the loeation of the earotid body. 


Modyle 14.10 Revìew 


a. Define baroreeeptor and ehemoreeeptor. 

b. VVhere are baroreeeptors loeated within 
the body? 

e. VVhieh type of reeeptor is sensitive to 
ehanges in blood pH? 


14.10 Explain the roles of baroreeeptors and 
ehemoreeeptors in homeostasis. 
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Module 14.11 




The autonomìc nervous system has 
multìple levels of motor eontrol 

The levels of aetivity in the sympathetie and parasympathetie 

divisions of the ANS are eontrolled by eenters in the brain stem 

that regnlate speeifie viseeral fnnetions. As in the SNS, simple 

ANS reflexes based in the antonomie ganglia and the spinal eord 

provide relatively rapid and antomatie responses to 

stimnli. More complex sympathetie and parasympa- 

thetie reflexes are eoordinated by proeessing 

eenters in the mednlla oblongata. In addition to 

the eardiovasenlar and respiratory eenters, the 

mednlla oblongata eontains eenters and nnelei 

involved with salivating, swallowing, digestive 

seeretions, peristalsis, and nrinary fnnetion. 

These eenters are in turn subject to regulation 
by the hypothalamns. Beeanse the hypothala- 
mus interaets with all other portions of the 
brain, aetivity in the limbie system, thalamns, 
or eerebral cortex ean have dramatie effeets 

» 

on antonomie fnnetion. For example, when 
you beeome angry, your heart rate aeeelerates, 
your blood pressure rises, and your respira- 
tory rate inereases; when you eonsider your 
next meal, your stomaeh “growls” and your 
mouth waters. 



Gerebral Cortex 



This diagram shows the pathways and levels 
of ANS eontrol. The hypothalamns aets as the 
“headquarters” of both the sympathetie and 
parasympathetie divisions, and hypothalamie output 
is indieated by solid red arrows. Nuclei in the spinal 
eord and brain stem eontrol basie viseeral reflex 
patterns. There is also eontinnal feedbaek between 
higher brain eenters and the hypothalamns and 
brain stem; this subconscious eommnnieation is 
indieated by the dashed red arrows. 


Communication at subconscious level 





Límbíe System 


Emotions, memory, and behavior 



Thalamus 




Relay of sensory information 




Hypothalamus 




Sympathetie and para- 
sympathetie headquarters 




Pons 


Higher levels of 
respiratory eontrol 



lncludes 

• Gardiae eenters 

• Vasomotor eenter 

• Swallowing eenter 

• Coughing eenter 

• Respiratory eenters 



l\/ledulla Oblongata 


Proeessing eenters for complex 
viseeral reflexes (sympathetie 
and parasympathetie) 



Neurons eontrolling 
sympathetie viseeral 
reflexes 



Saeral Spìnal Cord S2-S4 


Neurons eontrolling 
parasympathetie viseeral 
reflexes (such as defeeation 
and urination) 
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The SNS and the ANS have parallel organization and are integrated at the 
level of the brain stem. This diagram shows the basie patterns of organization 


and integration. Blue arrows indieate aseending sensory information; red arrows, 
deseending motor eommands; dashed lines, pathways of communication and 
feedbaek among higher eenters. The aetivities of the SNS and those of the ANS are 
integrated at many levels. Althongh we have eonsidered somatie and viseeral motor 
pathways separately, the two have many parallels in terms of both organization and 
fnnetion. Sensory pathways may earry information distribnted to both the SNS and 
the ANS, triggering integrated and eompatible reflexes. Higher levels of integration 
involve the brain stem, and both systems are inflneneed, if not eontrolled, by higher 
brain eenters. 


eentral 

Nervous 

System 


Gerebral cortex 




Thalamus 



I 

I 

Y 




Y 


Hypothalamus 


Somatie sensory 



Viseeral sensory 


Relayand proeessing 
eenters in brain stem 


Perípheral 

Nervous 

System 



Lower motor 
neuron 


Preganglionie 


SNS 


Sensory 

pathways 


neuron 



ANS 


Ganglionie 

neuron 



Skeletal 

muscles 


Sensory 

reeeptors 


Viseeral 

effeetors 


l\/lodule 14.11 Revíew 


a. What brain structure is eonsidered to be the 
headquarters for the ANS? 

b. Harry has a brain tumorthat is pressing against his 
hypothalamus. Would you expect this tumor to 
interfere with autonomic function? Why or why not? 

e. What brain structure relays somatie sensory 
information? 


(S) 14.11 Deseribe the hierarehy of interaeting levels of 
eontrol in the ANS beginning with the hypothalamus. 
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SECTION 2 Revíew 

L 


Concept map 

Use eaeh of the follovving terms onee to fill in the 
blank boxes to eorreetly eomplete the map. 


Levels of Autonomìc Gontrol 


Gerebral cortex 


• respiratory 

• pons 

• spinal eord Ti-L^ 

• vasomotor 

• coughing 

• hypothalamus 

• sympathetie viseeral reflexes 

• parasympathetie viseeral reflexes 

• complex viseeral reflexes 

• limbie system and thalamus 


Communication 
at subconscious level 



1 





ì 



een ters 


proeesses 


eontrols —>■ 


fanetion —► 


proeesses 


Emotions and 
sensory input 


Sympathetie and 
parasympathetie divisions 


Higher levels of 
respiratory eontrol 


5 


[ 

Y 

Gardiae 




nearons 

eontrol 



Saeral spinal eord 


nearons 

eontrol 



such as 


Defeeation and 
urination 


FìlMn 


Fill in S (sympathetie) or P (parasympathetie) to indieate the ANS division 
responsible for eaeh of the follovving effeets. 



Deereased metabolie rate 

inereased salivary and digestive seeretions 

inereased metabolie rate 

Stimulation of urination and defeeation 

Aetivation of svveat glands 

Heightened mental alertness 

Deereased heart rate and blood pressure 

Aetivation of energy reserves 

inereased heart rate and blood pressure 

Reduced digestive and urinary functions 

inereased motility and blood flovv in the digestive traet 

inereased respiratory rate and dilation of respiratory passages 

Gonstrietion of the pupils and focus of the eyes on nearby objeets 


11 

Os 

OP 

12 

Os 

OP 

13 

Os 

OP 

14 

Os 

OP 

15 

Os 

OP 

16 

Os 

OP 

17 

Os 

OP 

18 

Os 

OP 

19 

Os 

OP 

20 

Os 

OP 

21 

Os 

OP 

22 

Os 

OP 

23 

Os 

OP 


Short answer 

Reeent surveys shovv that about one-third of the Ameriean adult population is involved in some type 
of exercise program. VVhat contributions does sympathetie aetivation make to help the body adjust 
to ehanges that occur during exercise and still maintain homeostasis? 
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GHAPTER 14 REVIEVV • The Autonomíc Nervous System 


Study Outlìne 


SEGTION 1 • Functìonal Anatomy of the Autonomic 

Nervous System (ANS) 



Ganglìonìe neurons of the ANS eontrol vìseeral 
effeetors p. 509 


1. The autonomíc nervous system (ANS) eontrols viseeral 
functions outside of our conscious avvareness. 

2. In the somatíe nervous system (SNS) neurons eontrol 
skeletal muscles.The ANS eontrols the vìseeral effeetors: 
smooth muscle, glands, eardiae muscle, and adipoeytes. 

3. ANS motor neurons synapse vvith viseeral motor neurons 
in autonomic ganglia.These ganglíoníe neurons eontrol 
viseeral effeetors. 

4. The viseeral motor neurons vvhose eell bodies lie in the 
brain stem and spinal eord are knovvn as preganglíonìe 
neurons.The axons of these neurons leave the CNS and 
synapse vvith ganglionie neurons at autonomíc ganglía. 



The ANS eonsìsts of sympathetìe, parasympathetìe, and 
enterìe dìvìsìons p. 510 


5. The most familiar divisions of the ANS are the sympathetìe 
dívísìon and the parasympathetìe dìvísìon. 

6. VVhile it is not alvvays the ease, the sympathetie division 
causes excitation and the parasympathetie division causes 
inhibition. 






The tvvo divisions may vvork independently because some 
structures are innervated by only 
one division, or together during 
complex proeesses. 

Both divisions influence the 
third ANS division, the enteríe 
nervous system. 

The enterie nervous system 
is an extensive netvvork of 
neurons in the vvalls of the 
digestive traet. 



The sympathetìe dìvìsìon has ehaìn ganglìa, eollateral 
ganglìa, and the adrenal medullae... whereas the 
parasympathetìe dìvìsìon has termìnal or ìntramural 
ganglìa p. 512 


10. The preganglionie neurons of the sympathetie division 
have their eell bodies in the lateral gray horns of spinal 
segmentsTi-L^. 

11. They synapse vvith ganglionie neurons loeated at the 

sympathetíe ehaìn, eollateral ganglìa, or modifìed 
ganglion eells in the adrenal medullae. 

12. The axons of preganglionie neurons (preganglíonìe 
fibers) are relatively short eompared vvith the axons of 
ganglionie neurons (postganglíonìefìbers). 

13. The sympathetie division prepares the body for heightened 
somatie aetivity such as the "fight or flight" response. 

14. The preganglionie neurons of the parasympathetie division 
have their eell bodies in eranial nerves III, VII, IX, and X and 
in the lateral gray horns of saeral spinal segments S^-S^. 


15. They synapse vvith ganglionie neurons in termínal ganglìa 
(loeated near the target organ) or in íntramural ganglìa 
(embedded in the vvall of the target organ). 

16. The parasympathetie division is knovvn as the"rest and 
digest"system because it regulates viseeral function and 
energy eonservation. 


14.4] 


The two ANS dìvìsíons ìnnervate many of the same 
structures, but the ìnnervatìon patterns are dìfferent 


p.514 


17. Every spinal nerve has a gray ramus that earries 
sympathetie postganglionie fibers for distribution in the 
body vvall and limbs. 

18. Postganglionie sympathetie fibers of the eervieal 
sympathetie ganglia supply the regions innervated by 
eranial nerves III, VII, IX, and X. 

19. Splanehníe nerves supply the viseera. There are 

three groups: cardiopulmonary, abdominopelvie (greater, 
lesser, and lumbar), and pelvie (saeral). 

20. The vagus nerve (X) earries 75 pereent of parasympathetie 
outflovv. 


21. The preganglionie fibers of the saeral segments earry 
saeral parasympathetie output and form distinet pelvìe 
nerves.These nerves innervate intramural ganglia in the 
kidneys, urinary bladder, terminal portions of the large 
intestine, and sex organs. 



Membrane reeeptors at target organs medìate the effeets 
of sympathetìe and parasympathetìe stìmulatìon p. 516 


22. Sympathetie stimulation is a result of the interaetions 
of the neurotransmitters norepinephrine (NE) and 
epinephrine (E) vvith adrenergìe reeeptors in the plasma 
membrane. 


23. There are tvvo elasses of adrenergie reeeptors: alpha 
reeeptors and beta reeeptors. 

24. There are tvvo types of alpha reeeptors: alpha-1 and 
alpha-2. 

25. Stimulation ofalpha-1 reeeptors generally excites the 
target eell. Stimulation of alpha-2 reeeptors 
generally inhibits the target eell. 




- 1 , 


OT oeia reeepiors: 

beta-2, and beta-3. 

27. Beta reeeptor 
stimulation ehanges 
the metabolie aetivity 
of the target eell. 

28. All parasympathetie 
stimulation 

uses the neurotransmitter 
ACh that binds to eholìnergìe 
reeeptors. 

29. There are tvvo types of eholinergie 
reeeptors: nìeotìníe reeeptors 
and muscaríníc reeeptors. 

30. ACh alvvays excites nieotinie 
reeeptors. ACh ean excite or 
inhibit muscarinic reeeptors. 



í. 


Muscarinic reeeptors are 
stimuiated by masearine, 
a toxin prodaeed by some 
poisonoas mashrooms. 
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GHAPTER 14 REVIEVV • The Autonomìc Nervous System (continued) 


14.6 J 


The functìonal dìfferenees between the two ANS dìvìsìons 
refleet theìr dìvergent anatomìeal and physìologìeal 
eharaeterìstìes p. 518 


31. In erisis, the entire sympathetie division responds.This is 
ealled sympathetìe aetìvatìon. 

32. During sympathetie aetivation, the follovving ehanges 
occur: inereased alertness, feelings of energy and euphoria, 
temporary insensitivity to painful stimuli, inereased heart 
rate, inereased blood pressure, inereased breathing rate 
and depth of respiration, elevated muscle tone, and a 
mobilization of energy reserves. 


33. The majoreffeets produced by the parasympathetie 
division include eonstrietion of the pupils, focusing of 
the lens on near objeets, seeretion of digestive glands, 
seeretion of hormones promoting the absorption of 
nutrients, blood flovv and glandular aetivity in response to 
sexual arousal, eontrol of defeeation, eontrol of urination, 
eonstrietion of the respiratory passagevvays, and reduction 
of heart rate and foree of eontraetion. 


34. The parasympathetie division has been ealled the anabolìe 
system because its stimulation inereases nutrient eontent 
in blood. 


^ SEGTION 2 * Autonomic Regulation and Control Meehanisms 



The ANS adjusts vìseeral motor responses to maìntaìn 
homeostasìs p. 521 


35. The ANS adjusts aetivities of the digestive, cardiovascular, 
respiratory, and reproductive systems to maintain 
homeostasis vvithout instructions or interferenee from the 
conscious mind. 


36. General sensory reeeptors are stimulated, sending sensory 
information tovvard the CNS vvhere it is proeessed. 

37. Motor eommands are issued from the CNS tovvard either 
somatie or viseeral effeetors. 


14.8] 


The ANS provìdes preeìse eontrol over vìseeral functìons 

p.522 

38. Even in the absenee of stimuli, autonomic motor neurons 
shovv a continuous level of spontaneous aetivity ealled 

autonomíc tone. 


39. Many organs reeeive instructions from both ANS divisions. 
This is ealled dual ínnervatìon, and the effeets may be 
opposing or eomplementary. 


14.9] 


IVIost vìseeral functìons are eontrolled by vìseeral reflexes 

p.524 


40. Viseeral ref1exes provide automatic motor responses that 
ean be influenced by higher eenters in the brain. 

41. All viseeral reflexes are polysynaptie reflex ares that eonsist 
of a reeeptor, a sensory neuron, a proeessing eenter, and 
one or tvvo viseeral motor neurons. 


42. Short reflexes eontrol simple motor responses vvith 
loealized effeets, and operate outside the avvareness and 
eontrol of the CNS. 


43. Long reflexes are the autonomic equivalents of the 
polysynaptie reflexes. Viseeral sensory neurons send 
information to the CNS along the dorsal roots of spinal 
nerves, sensory branehes of eranial nerves, and autonomic 
nerves that innervate viseeral effeetors. 


44. Long reflexes are more eommon than short reflexes, 
and they are responsible for eontrolling multiple organ 
systems. 

45. Viseeral sensory information is eolleeted by interoeeptors 
that monitor viseeral tissues and organs. These include 
noeieeptors, thermoreeeptors, taetile reeeptors, 
baroreeeptors, and ehemoreeeptors. 

46. The proeessing of sensory information is performed atthe 
subconscious level in the nuclei in the spinal eord and the 
solìtary nucleì in the brain stem. 


14.10] 


Baroreeeptors and ehemoreeeptors ìnìtìate ìmportant 
autonomìc reflexes ìnvolvìng víseeral sensory pathways 

p.526 


47. Baroreeeptors are streteh reeeptors that monitor ehanges 
in pressure. 

48. Baroreeeptors monitor blood pressure in the vvalls of major 
vessels such as the earotíd sinus and aortíe sinus.This 
allovvs for the regulation of eardiae function and blood 
flovv to vital tissues. 


49. Baroreeeptors in the lung monitor lung expansion to 
eontrol respiratory rhythmieity, and those in the bladder 
and eolon eontrol urination and defeeation. 


50. ehemoreeeptors deteet ehanges in the eoneentration of 
speeifie ehemieals or compounds. 

51. ehemoreeeptors are loeated in the medulla oblongata, the 

earotid bodies, and the aortie bodies. 



52. The ehemoreeeptors of the medulla oblongata respond to 

ehanges in pH and CSF to regulate depth and rate 

of respiration. 

53. The ehemoreeeptors of the earotid bodies and aortie 
bodies respond to ehanges in pH, Poo^a and Po^ in arterial 
blood to adjust respiratory and cardiovascular aetivity. 


14.11 

J 


The autonomìc nervous system has multìple levels of 
motor eontrol p. 528 


54. The hypothalamus aets as the headquarters of both ANS 
divisions. 


55. Nuclei in the spinal eord and brain stem eontrol basie 
viseeral reflex patterns. 

56. There is also continued feedbaek betvveen higher brain 
eenters and the hypothalamus and brain stem. 

57. The somatie nervous system and autonomic nervous 
system have parallel organization and are integrated at the 
level of the brain stem. 


58. Sensory pathvvays may distribute information to both the 
somatie nervous system and autonomic nervous system, 
triggering integrated and eompatible reflexes. 
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ehapter Revìew Questíons 


Labelíng 

Label the anatomieal eharaeteristies of the ANS shown in the diagram below. 



True/False 


indieate whether eaeh statement is true or false. 


10 

11 


Ganglionie neurons have their eell bodies in the CNS. 

The enterie nervous system is influenced by both the 
sympathetie and parasympathetie divisions. 



The eeliae ganglion is assoeiated with sympathetie 
regulation of the cardiovascular and respiratory systems. 



All effeetor organs reeeive dual innervation. 

ehemoreeeptors of the earotid and aortie bodies are 
sensitive to ehanges in blood pressure. 



Nieotinie reeeptors ean be found at the neuromuscular 
junctions of skeletal muscle fibers. 


10 

11 
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GHAPTER 14 REVIEVV • The Autonomìc Nervous System (continued) 


IVIultìple ehoíee 


Seleet the eorreet ansvver from the list provided. 



VVhieh of the follovving is not a viseeral effeetor? 

Q a) smooth muscle 
Q b) glands 
Q e) skeletal muscle 
Q d) adipoeytes 



Sympathetie division axons emerge from 

Q a) the brain stem and the saeral segments of the spinal eord. 
Q b) eranial nerves III, VIII, IX, and X. 

Q e) only saeral nerves. 

Q d) the thoraeie nerves and lumbar nerves and L^. 



VVhieh of the follovving ganglionie neurons synapse vvith 
preganglionie fibers of the parasympathetie division? 

Q a) eiliary ganglia 
Q b) sympathetie ehain 
Q e) adrenal medulla 
Q d) inferior mesenterie ganglia 



The autonomic nervous system direets 

Q a) voluntary motor aetivity. 

Q b) conscious eontrol of skeletal muscles. 

Q e) unconscious proeesses that maintain homeostasis. 
Q d) sensory input from the skin. 



The division of the autonomic nervous system that prepares the 
body for aetivity and stress is the 

Q a) sympathetie division. 

Q b) parasympathetie division. 

Q e) enterie division. 

Q d) somatomotor division. 



The tvvo types of eholinergie reeeptors are 

Q a) alpha-1 and alpha-2 reeeptors. 

Q b) beta-1 and beta-2 reeeptors. 

Q e) nieotinie and muscarinic reeeptors. 
Q d) alpha-1 and beta-1 reeeptors. 



VVhieh reeeptors vvould you bloekto cause a deereased heart rate? 

Q a) alpha-1 reeeptors 
Q b) beta-1 reeeptors 
Q e) nieotinie reeeptors 
Q d) muscarinic reeeptors 



VVhere are the ehemoreeeptors found that are sensitive to ehanges 
in pH and arterial blood? 

Q a) earotid and aortie bodies 
Q b) earotid and aortie sinuses 
Q e) baroreeeptors of the lungs 
Q d) respiratory eenters of the medulla oblongata 



A drug that stimulates vvhieh reeeptor vvould relax the smooth 
muscle passages and inerease airvvay diameter of the respiratory 
traet? 


Q a) beta-1 
Q b) beta-2 
Q e) beta-3 
Q d) muscarinic 



VVhieh of thefollovving responses is nof eharaeteristie of sympathetie 
aetivation? 


Q a) inereased alertness 
Q b)elevation of muscle tone 
Q e) ereetion 

Q d) inereased aetivity in the cardiovascular and respiratory 

eenters of the pons and medulla oblongata 



VVhieh neurotransmitter is released by all preganglionie fìbers of the 
autonomic nervous system? 

[J a) aeetyleholine 
Q b) epinephrine 
Q e) norepinephrine 
Q d) serotonin 



Dual innervation refers to situations in vvhieh vital organs 

Q a) reeeive information from both sympathetie and 

parasympathetie fibers. 

Q b) reeeive information from both the somatie and autonomic 

nervous systems. 

n e) are reeeptive to multiple neurotransmitters. 

□ d) are under both conscious and unconscious eontrol. 


Short answer 



Identify the eomponents of a viseeral reflex are, and distinguish 
betvveen short reflexes and long reflexes. 



Identify at least three differenees betvveen the somatie and 
autonomic nervous systems. 



VVhieh eranial and saeral nerves are assoeiated vvith the 
parasympathetie division? 
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ehapter Integratíon • Applyìng what you have learned 



A pateh for the oeean 


Bee careful ín the garden! 

Gregor is outside gardening when he is stung 
on his finger by a bee. Shortly afterwards, he 
experiences pain, swelling, redness, and itehing 
in the immediate area of the sting; his throat 
begins to swell and breathing beeomes more 
diffienlt. 

An ambnlanee is ealled, and Gregor is taken 
to the emergeney room. Drugs are administered 
to prevent anaphylaxis, a severe, life-threatening 
allergie response. Anaphylaxis is eharaeterized 
by the eontraetion of smooth mnseles along 
the respiratory passageways and a peripheral 
vasodilation that prodnees a fall in blood 
pressnre, which would affeet multiple organ 

systems. 


Andrew, a reeent high sehool gradnate who has spent his entire life in his 
hometown of Tulsa, Oklahoma, is very excited to have been aeeepted to 
a nniversity in San Diego. One of the first soeial events organized by his 
dormitory is an all-day whale-watching tour. Although he had fished from a 
boat in lakes as a young boy, Andrew has never been out on the oeean. Despite 
being apprehensive, he signed up. 

Prior to the tour, Andrew visited the campus health eenter to ask about 
seasiekness medieine. The doetor reeommended that Andrew use a pateh 
that he ean plaee behind one of his ears. The doetor said that even though its 
not fully understood how the pateh s aetive ingredient, seopolamine, works 
to prevent seasiekness, his patients have had good resnlts with it. Andrew 
deeided to give it a try. 

As he applied the pateh on the morning of the whale-watching tour, 
he read the paekage label. It deseribed seopolamine as antimnsearinie and 
antieholinergie. Andrew had no idea what that meant. Using what you have 
just learned about the autonomic nervons system, answer the following 
questions. 




Which divísion of the autonomic nervous system would be 
affeeted if muscarinic reeeptors were bloeked? 

Bloekíng muscaríníc reeeptors would affeet which neurotransmitter? 

Why does the label also deseribe seopolamine as antieholinergie? 

Prediet some side effeets Andrew míght experience while wearing the pateh. 




Would aeetyleholine or epinephrine be more 
helpful in relíevíng his eondition? Why? 



If the eondition progressed to the point where 
there ís a fall ín blood pressure and inadequate 
blood f]ow to body tissues, deseribe what ANS 
responses would attempt to restore normal 

blood f1ow and blood pressure. 
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These Learning 
Onteomes 
eorrespond 
bynnmberto 
this ehapter's 
modnles and 
indieate what 
you should be 
able to do after 
eompleting 
the ehapter. 

V J 


SEGTION 1 • Olfaetíon and Gnstatìon 



15.2 


w 



Explain the roles of a generator potential and reeeptor depolarization in olfaetion and 
gustation. 

Deseribe the sensory organs of smell, traee the olfaetory pathvvays to their destinations 
in the cerebrum, and explain hovv olfaetory pereeption occurs. 

Deseribe the sensory organs of gustation. 

Deseribe gustatory reeeption, briefly deseribe the physiologieal proeesses involved in 
taste, and traee the gustatory pathvvay. 


SEGTION 2 • Equìlibrìuni and Hearing 




15.11 


w 


Deseribe the sensory reeeptors of the internal ear. 

Deseribe the structures of the external, middle, and internal ear, and explain hovv they 
function. 

Deseribe the structures and functions of the bony labyrinth and membranous labyrinth. 

Deseribe the functions of hair eells in the semicircular ducts, utricle, and saccule. 

Deseribe the structures and functions of the organ of Corti. 

Explain the anatomieal and physiologieal basis for piteh and volume sensations for 
hearing. 

Traee the pathvvays for the sensations of equilibrium and hearing to their respeetive 
destinations in the brain. 


SEGTION 3 • Vìsìon 


(S) 

Learning Onteomes 
arerepeated atthe 
bottomofeaeh 
module. 


15.12 

15.13 

15.14 

15.15 

15.16 

15.17 

15.18 

15.19 

15.20 

15.21 

15.22 


Outline the embryonie development of the eye. 

Identify the aeeessory structures of the eye and explain theirfunctions. 

Deseribe the layers of the vvall of the eye and the anterior and posterior eavities of the 
eye. 

Explain hovv light is direeted to the fovea of the retina. 

Deseribe the proeess by vvhieh images are focused on the retina. 


Deseribe the structure and function of the retina's layers of eells, and the distribution of 
rods and eones and their relation to visual acuity. 


Deseribe the structure of the photoreeeptors and hovv vve are 
able to distinguish eolors. 

Explain photoreeeption and hovv visual pigments are aetivated. 

Explain hovv the visual pathvvays distribute information to 
their destinations in the brain. 

CLINICALMODULE Deseribe various refraetion problems 
assoeiated vvith the eornea, lens, or shape of the eye. 

CLINICALMODULE Deseribe age-related disorders of olfaetion, 
gustation, vision, equilibrium, and hearing. 
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Module15.1 


SECTION 1 • Olfaetìon and Gustatìoii 



Olfaetion ìs the sense of smell 
and gustatíon is the sense of taste 


The speeial senses give us important information about our environment. 
Althongh the sensory information provided is diverse and complex, eaeh 
speeial sense originates at reeeptor eells that may be nenrons or speeialized 
reeeptor eells that eommnnieate with sensory nenrons. 



Olfaetory reeeptors are the dendrites of speeialized nenrons involved 
with the sense of smell. When dissolved ehemieals eontaet the 
dendritie proeesses, there is a depolarization, ealled a generator potential. 
This graph shows the aetion potentials prodneed by a generator potential. 
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The reeeptors for the senses of taste, vision, equilibrium, and hearing are 


speeialized eells that have inexcitable membranes and form synapses 
with the proeesses of sensory nenrons. When stimnlated, the membrane of the 
reeeptor eell nndergoes a graded depolarization that triggers the release of 
ehemieal transmitters at the synapse. These transmitters then depolarize the 
sensory neuron, indneing a generator potential eapable of prodneing aetion 
potentials that are propagated to the CNS. Beeanse a synapse is involved, there 
is a slight synaptie delay. However, this arrangement permits modifieation of 
the sensitivity of the reeeptor eell by presynaptie faeilitation or inhibition. 


-70 mV 


-70 mV 


Stimulus 




toGNS 


Reeeptoreell Synapse Axon of sensory neuron 


In the following modnles we will eonsider the organization of 
reeeptors and the sensory pathways for eaeh of the speeial senses. 
We begin with the speeial senses of olfaetion and gnstation. 
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l\/lodule15.1 Revìew 


a. VVhere do the speeial senses originate? 

b. VVhat is a generator potential? 

e. Howdoestheorigin oftheother 
senses differ from olfaetion? 


15.1 Explain the roles of a generator potential and reeeptor depolarization 
in olfaetion and gustation. 































































































Module15.2 

j 


Olfaetion ìnvolves speeialìzed ehemoreeeptive neorons 
and delivers sensations direetly to the cerebrum 



Olfaetion is the sense of smelL Olfaetory organs are 
paired structures that provide olfaetion. These organs 
are loeated in the nasal eavity on either side of the nasal 
septum. They eover the inferior snrfaee of the eribriform 
plate, the snperior portion of the perpendienlar plate, and 
the snperior nasal eonehae of the ethmoid. 


Olfaetory Pathway to the Cerebrum 

1 1 

ehemieals in the 
air stimulate the 
olfaetory reeeptor 
eells, sensory 
neurons vvithin the 
olfaetory organ. 

Axons leaving the 
olfaetory epithelium 
eolleet into 20 or 
more bundles that 
penetrate the 
eribriform plate of 
the ethmoid bone. 

The first synapse 
occurs in the 
olfaetory bulb, 
vvhieh is loeated 
just superiorto the 
eribriform plate. 

Axons leaving the 
olfaetory bulb travel 
along the olfaetory 
traet to reaeh the 
olfaetory cortex, the 
hypothalamus, and 
portions of the limbie 
system. 

The distribution of olfaetory 
information to the limbie 
system and hypothalamus 
explains the profound 
emotional and behavioral 
responses, as vvell as the 
memories, that ean be triggered 
by eertain smells. 



eribriform plate 
of ethmoid bone 


Olfaetory epithelium 


Superior nasal eoneha 


538 • Chapter15:TheSpecial Senses 

























2 


The olfaetory organs are made up of two layers: the olfaetory epithelium and the 
lamina propria. The olfaetory reeeptors are modified neurons within the epithelinm. 


The exposed tip of eaeh reeeptor eell forms a knob that projeets beyond the epithelial 
snrfaee. The knob provides a base for up to 20 eilia-shaped dendrites that extend into the 
surrounding mucus and lie parallel to the epithelial snrfaee, exposing their eonsiderable 
snrfaee area to dissolved ehemieals. Between 10 and 20 million 


olfaetory reeeptors are paeked into an area of ronghly 5 em^. If 
we take into aeeonnt the exposed dendritie snrfaees, the actual 
sensory area probably approaehes that of the entire body snrfaee. 


To 

Olfaetory olfaetory 
gland bulb 



The underlying lamina propria eonsists of areolar 
tissue, numerous blood vessels, and nerves.This 
layer also eontains olfaetory glands, or Bowman's 
glands, whose seeretions absorb water and form a 
thiek, pigmented mucus. 


The olfaetory epithelium eontains the olfaetory 
reeeptor eeíls, supportìng eells, and regenera- 
tive basal eells (stem cells).The olfaetory reeeptor 
population undergoes eonsiderable turnover; 
new reeeptor eells are produced by the division 
and differentiation of basal eells.This turnover is 
one of the few examples of neuronal replaeement 
in adult humans. 



Olfaetory nerve fibers 


Basal eell: 

divides to replaee worn-out 
olfaetory reeeptor eells 

Developing olfaetory 
reeeptor eell 

Olfaetory reeeptor eell 

Supporting eell 

l\/lucous layer 
Knob 

Olfaetory dendrites: surfaces 
eontain reeeptor proteins 


Step 1 

The binding of an odorantto its 
reeeptor protein leads to the aetivation 
of adenylate eyelase, the enzyme that 
eonverts ATP to eyelie AMP (cAMP). 


Step 2 

The cAMP then opens sodium 
ehannels in the plasma membrane, 
which then begins to depolarize. 


Step 3 

If sufficient depolarization occurs, 
an aetion potential is triggered in 
the axon, and the information is 
relayed to the CNS. 


REGEPTOR 

CELL 


MUCUS 

LAYER 




Odorant 

molecule 


eiosed 

sodium 

ehannel 


Sodium 
ions enter 
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cAMP 


Depolarízed 

membrane 
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Olfaetory reeeption oeenrs on the dendrites of the olfaetory 
reeeptor eells. Odorants—dissolved ehemieals that stimnlate 


olfaetory nenrons—interaet with membrane reeeptors ealled odorant 
binding proteins on the membrane snrfaee. In general, odorants are 
small organie moleenles; the strongest smells are assoeiated with 
moleenles of either high water or high lipid solnbilities. As few as 
four odorant molecules ean aetivate an olfaetory reeeptor eell. 


Modyle 15.2 Revíew 


a. Deseribe olfaetion. 

b. VVhieh neurons assoeiated with 
olfaetion are continually regenerated? 

e. Traee the olfaetory pathway, beginning 
at the olfaetory epithelium. 


15.2 Deseribe the sensory organs ofsmell, traee the olfaetory pathways to their 
destinations in the cerebrum, and explain how olfaetory pereeption occurs. 
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Module15.3 




Gustation ínvolves epìthelìal ehemoreeeptor 
eells loeated ín taste buds 


Gustation, the sense of taste, provides information abont the foods and 
liquids we eat and drink. Taste reeeptors, or gustatory (GUS-ta-tor-è) 
reeeptors, are distributed over the superior surface of the tongue and 
adjaeent portions of the pharynx and larynx. The most important taste 
reeeptors are on the tongue. By the time we reaeh adulthood, the taste 
reeeptors on the pharynx, larynx, and epiglottis have deereased in number. 



The superior surface of the tongue has numerous variously 
shaped epithelial projeetions ealled lingnal papillae (pa-PIL-è; 
papilla, a nipple-shaped mound). The human tongue has four types 
of lingual papillae: (1) vallate (VAL-àt; vallam, wall) papillae, 

(2) foliate (FO-lè-àt) papillae, (3) fungiform {fungus, mnshroom) 
papillae, and (4) filiform {filum, thread) papillae. The vallate, foliate, 
and fnngiform papillae eontain taste reeeptors and speeialized 
epithelial eells in sensory structures 
ealled taste buds. An adult has 
about 5000 taste buds. 


VVater reeeptors 

(pharynx) 

Dmami 


The vallate papillae 
form a V near the 
posterior margin of 
the tongue. 


2 


There is some evidenee that sensitivity to the four 
primary taste sensations—sweet, salty, sour, and 


bitter—varies along the long axis of the tongue. However, there 
are no differenees in the structure of the taste buds, and taste buds 
in all portions of the tongue provide all four primary taste sensations. 

There are also two other taste sensations. Umami (oo-MAH-mè) is a 
pleasant, savory taste that is eharaeteristie of beef broth, ehieken broth, and 
Parmesan eheese. This taste is deteeted by reeeptors sensitive to amino aeids, 
small peptides, and nneleotides. These reeeptors are present in taste buds of 
the vallate papillae. Water reeeptors have been demonstrated in humans, 
and they appear to be espeeially eoneentrated in the pharynx. The sensory 
output of these reeeptors is proeessed in the hypothalamns and affeets water 
balanee and the regnlation of blood volume. For example, drinking stimu- 
lates water reeeptors, that in turn stimnlate the hypothalamns to seerete 
antidinretie hormone, which nltimately prevents over-ingestion of water. 



Vallate Papíllae 


Vallate papíllae are relatively large, shaped like 
the tip of a peneil eraser, and surrounded by 
deep epithelial folds. Eaeh papilla eontains as 
many as 100 taste buds. 



Taste 

buds 


Folíate Papíllae 


Folìate papìllae are found on the lateral margins 
of the posterior region of the tongue. 



Taste bud 


Fungìforim Papíllae 


Fungìform papìllae are shaped like small 
buttons within shallow depressions. Eaeh papilla 
eontains about five taste buds. 



Taste bud 


Fílíform Papíllae 



Fílìform papíllae provide 
frietion that helps the tongue 
move objeets around in the 
mouth but do not eontain 
taste buds. Filiform and 
fungiform papillae are found 
on the anterior two-thirds of 
the superior surface of the 
tongue. 
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Taste buds are reeessed into the 
surrounding epithelium, isolated 


from the relatively unprocessed eontents of 
the mouth. Eaeh taste bud eontains 40-100 
reeeptor eells and many small stem eells. 



Eaeh gustatory eell extends 
slender mierovilli, sometimes ealled 
taste hairs, into the surrounding 
fluids through the taste pore, a 
narrovv opening. A typieal gusta- 
tory eell survives for only about 10 
days before it is replaeed. 


Transitional 


Taste hairs 
(mierovilli) 


Axons of sensory neurons 


Basal eells are stem eells that 
divide to produce daughter eells 
that vvill mature into gustatory eells. 


Taste 

buds 





Díagrammatíe víew 
of a taste bud 


Taste 

pore 


Taste buds 


LM X 280 
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The threshold for taste reeeptor stimnlation 


varies for eaeh of the primary taste sensa- 
tions, and taste reeeptors respond more readily to 
nnpleasant than to pleasant stimnli. For example, 
we are 100,000 times more sensitive to bitter 
snbstanees and almost 1000 times more sensitive 
to aeids (sour) than to either sweet or salty ehemi- 
eals. This sensitivity has snrvival value, because 
aeids ean damage the mucous membranes of the 
mouth and pharynx, and many potent biologieal 
toxins have an extremely bitter taste. Our tasting 
abilities ehange with age. We begin life with more 
than 10,000 taste buds, but the number begins deelining dramatieally 
by age 50. The sensory loss beeomes espeeially signifieant beeanse aging 
people also experience a deeline in the number of olfaetory reeeptors. 

As a result, many elderly people find that their food tastes bland and 
nnappetizing, whereas ehildren tend to find the same foods too spiey. 



Modyle 15.3 Revíew 


a. Definegustation. 

b. Deseribefiliform papillae. 

e. VVhieh taste reeeptorsoffera survival 
advantage when tasting something for 
thefirsttime? 


15.3 Deseribe the sensory organs of gustation. 
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Module15.4 


Gustatory reeeption relies on membrane 
reeeptors and ehannels, and sensations are earried 
by faeial, glossopharyngeal, and vagus nerves 



Gustatory reeeption, like olfaetory reeeption, is stimulated by dissolved 
ehemieals. Dissolved ehemieals eontaeting the taste hairs may either 
diffnse throngh plasma membrane leak ehannels or bind to reeeptor proteins 
of the gnstatory reeeptor eell. Some 90 pereent of the gnstatory reeeptor eells 
respond to two or more different taste stimnli. The different tastes involve 
different reeeptor meehanisms. Taste reeeptors adapt slowly, but eentral 
adaptation quickly reduces your sensitivity to a new taste. 


Gustatory 


Axons of 
sensory neurons 


Salt and Sour Ghannels 


The diffusion of sodium ions from salt 
solutions or hydrogen ions from aeids or sour 
solutions occurs through the same epithelial 
Na"^ leak ehannels in gustatory eells. 



Na+ ion 
leak ehannel 


Resting plasma 
membrane 


Depolarízed 

membrane 





The intracellular inerease in eations leads 
to depolarization and the release of 
neurotransmitters. 


Sweet, Bìtter, and Llmamí Reeeptors 


Reeeptors responding to stimuli that produce 
sweet, bitter, and umami sensations are linked 
to G proteins ealled gustducíns (GUST-dus-inz) 
—protein complexes that use seeond messengers 
to produce their effeets. 



Sweet, bitter, 
or umami 






inaetive 
G protein 



Membrane 

reeeptor 


Plasma membrane 
depolarlzlng 


Aetlve 
2nd messenge ; 



inaetive 
2nd messenger 


Aetivation of seeond messengers stimulates 
release of neurotransmitters. 


The released neurotransmitters enter synapses with the dendrites of adjaeent 
sensory nenrons. Depolarization of sensory nenrons leads to a generator potential 
and the propagation of aetion potentials along the gnstatory pathway to the CNS. 
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This illustration follows the gustatory pathway from the reeeptors to the eerebral 
cortex. A conscious pereeption of taste is prodneed by proeessing at the primary sensory 


cortex, as the information reeeived from the taste buds is eorrelated with other sensory data. 
Information about the texture of food, along with taste-related sensations such as “peppery” or 
“burning hot” eomes from sensory afferents in the trigeminal nerve (V). In addition, the level 
of stimnlation from the olfaetory reeeptors plays an overwhelming role in taste pereeption. 
Thus, you are several thousand times more sensitive to “tastes” when your olfaetory organs are 
fully functional. By eontrast, when you have a eold and your nose is stnffed up, airborne 
moleenles eannot reaeh your olfaetory reeeptors, so meals taste dull and nnappealing. This 
rednetion in taste pereeption occurs even though the taste buds are responding normally. 



eranial Nerves Carry 
Gustatory Information 


Thefaeial nerve (VII) innervates 
all the taste buds loeated on 


The sensory afferents earried by 
these three eranial nerves synapse 

in the solitary nucleus of the 

medylla oblongata. 


the anterior two-thirds of the 
tongue, from the tip to the line 
of vallate papillae. 


The glossopharyngeal nerve 
(IX) innervates the vallate 
papillae and the posterior 
one-third of the tongue. 


The vagus nerve (X) innervates 
taste buds seattered on the 
surface of the epiglottis. 



Start 






Reeeptors respond 
to stimulation. 



After another synapse in the thalamus, the 
information is projeeted to the appropriate 
portions of the gustatory cortex of the insula. 


The axons of the postsynaptie neurons eross 
over and enter the medial lemniscus of the 
medulla oblongata. 




Modyle 15.4 Review 


a. Whataregustducins? 

b. Identify the eranial nerves that earry 
gustatory information. 

e. Traee the gustatory pathwayfrom the 
taste reeeptors to the eerebral cortex. 


(S) 15.4 Deseribe gustatory reeeption, briefly deseribe the physiologieal 
proeesses involved in taste, and traee the gustatory pathway. 
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Labelíng 


Label taste sensations assoeiated with areas 
on the tongue (1-5) and the four types of 
lingual papillae (6-9). 



2 


3 


4 





Matehíng 


Mateh eaeh lettered term with the most elosely related deseription. 


a. gustation 

b. depolarization 

e. Bowman's glands 

d. Iingual papillae 

e. G proteins 

f. stem eells 

g. bitter 

h. olfaetory dendrites 

i. olfaetion 

j. taste bud 

k. eerebral cortex 

l. olfaetory bulb 
m. odorant 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 


Sweet, bitter, and umami sensations 

Sense of smell 

Basal eells 

ehemieal stimulus 

Sense oftaste 

Olfaetory glands 

Reeeives all speeial senses stimuli 
Cluster of gustatory reeeptors 
Site of first synapse by olfaetory reeeptors 
Gontain olfaetory reeeptor proteins 
Most sensitive taste sensation 
Produces generator potential 
Epithelial projeetions of tongue 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 


Seetíon ìntegratìon 

Gontrast the sensory reeeptors for olfaetion with the sensory reeeptors for taste, vision, equilibrium, and hearing. 
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Module15.5 


SEGTION 2 • Equìlíbríum and Hearíng 




Equìlìbrìum and hearìng ìnvolve the internal ear 



In olfaetion, the sensory reeeptors are modifed 
sensory nenrons. In gnstation, sensory reeeptor 
eells eommnnieate with sensory nenrons. In eaeh ease, 
the sensory reeeptor eells are loeated within epithelia 
exposed to the external environment, and the infor- 
mation is ronted direetly to the CNS for proeessing. 


Olfaetory 

reeeptor 

eell 




Gustatory 

reeeptor 

eell 


2 


In eontrast, the reeeptor eells for 


the sensations of equilibrium 
and hearing are isolated and proteeted 
from the external environment. These 
sensory reeeptors are loeated within 
the internal ear, a complex sense 
organ, where the sensory information 
is integrated and organized before it is 
forwarded to the CNS. 


Internal ear 



3 


The reeeptor eells of the internal ear are ealled 
hair eells beeanse their free snrfaees are eovered 


with speeialized proeesses similar to the eilia and 
mierovilli of other eells. They are basieally meehano- 
reeeptors sensitive to eontaet or movement, and they 
are always surrounded by snpporting eells and 
monitored by the dendrites of sensory nenrons. When 
an external foree pushes against the proeesses of a 
hair eell, the distortion of the plasma membrane alters 
the rate at which the hair eell releases nenrotransmit- 
ters. In this way, hair eells provide information about 
the direetion and strength of meehanieal stimnli. 


Displaeement 
in this direetion 
stimulates hair eell 


Extracellular 


Gertain hair eells 
involved with 
balanee eontain 
a kìnoeìlmm 
(ki-nó-SIL-è-um), a 
single large cilium. 
Hair eells do not 
aetively move 
their kinoeilia (or 
stereoeilia). 


The internal ear has a compIex three-dimensional struc- 
ture that determines what stimnli ean reaeh the hair eells 
in eaeh region. For example, hair eells in one region ean 
respond only to gravity or aeeeleration, whereas those in 
other regions respond only to rotation or only to sound. In 
this seetion you will learn how the anatomy of the internal 
ear enables a single reeeptor eell type to provide such a 
diversity of information. 


Modyle 15.5 Revìew 


Axons of 

sensory 

neurons 




Displaeement 
in this direetion 
inhibits hair eell 


The free surface 
of every hair 
eell supports 
80-100 long 
stereoeìlìa, 
which resemble 
very long 
mierovilli. 




Hair eell 


Dendrite of 
sensory neuron 

Supporting eell 


a. Gontrast the olfaetory and gustatory reeeptors 
with those of equilibrium and hearing. 

b. Deseribe the internal ear reeeptors. 

e. What kind ofstimuli ean the internal earsense? 


15.5 Deseribe the sensory reeeptors of the internal ear. 
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Module15.6 



The ear ìs dìvìded ìnto the external ear, 
the míddle ear, and the internal ear 



The ear is divided into three anatomieal regions: 
the external ear, the middle ear, and the internal ear. 


External Ear 

Mìddle Ear 

Internal Ear 

The external ear — the visible 
portion of the ear—eolleets and 
direets sound vvaves tovvard the 
middle ear. 

l 

The mìddle ear, or tympanie eavity, is an 
air-filled ehamber separated from the external 
acoustic meatus by the tympanie membrane. It 
is eonneeted to the pharynx by the auditory 
tube. 

1 

The ínternal ear eontains the 
sensory organs for hearing and 
equilibrium. It reeeives amplified 
sound vvaves from the middle ear. 


Elastie eartilage keeps the 
external acoustic nneatus open 
and makes the aurìcle flexible. 


The audìtory ossìeles are three 
tiny bones vvithin the middle 
ear.These bones eonneet the 
tympanie membrane vvith one 
of the reeeptor complexes of 


Auricle 


Petrous part of 
temporal bone 



Semicircular eanals 


Faeial nerve (VII) 


Vestibulocochlear 
nerve (VIII) 


The superficial 
contours of the internal 
ear are established by a 
layer of dense bone 
knovvn as the bony 
labyrìnth (labyrinthos, 
netvvork of eanals). 


To nasopharynx 


The external acoustìc meatus is a passagevvay 
vvithin the temporal bone.The skin lining this 
passage eontains cerumínous glands that 
seerete a vvaxy material, cerumen, and it has 
many small, outvvardly projeeting hairs.Together, 
cerumen and the hairs help keep foreign objeets 
and inseets from reaehing more delieate internal 
structures. Cerumen also slovvs the grovvth of 
mieroorganisms in the external acoustic meatus, 
reducing the ehanees for an external ear 
infeetion. 


The tympanìe 
membrane, also ealled 
the tympanum or 
eardrum, lies at the end 
of the external acoustic 
meatus.The tympanie 
membrane is a thin, 
semitransparent sheet 
that separates the external 
ear from the middle ear. 


The audìtory tube is also ealled the 
pharyngotympanie tube or the eustachian 
tube.The auditory tube permits pressure 
equalization on either side of the 
tympanie membrane, but ean also 
allovv mieroorganisms to travel from the 
nasopharynx into the middle ear. Invasion 
by mieroorganisms ean lead to an 
unpleasant middle ear infeetion knovvn 
as otìtìs medìa. 
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The middle ear eontains the three anditory ossieles and eommnnieates 
with both the snperior portion of the pharynx (the nasopharynx), 


throngh the anditory tube, and the mastoid air eells, through a number of 
small eonneetions. The artienlations between the anditory ossieles are the 
smallest synovial joints in the body. Eaeh ossiele has a tiny eapsnle and 
snpporting extracapsular ligaments. 


Aodìtory Ossìeles 

The malleos (malleus, 
hammer) attaehes at 
three points to the 
interior surface of the 
tympanie membrane. 

The incus {incus, 
anvil), the middle 
ossiele, attaehes 
the malleus to the 
stapes. 

The edges of the base of the 
stapes (STÀ-pèz; stapes, stirrup) 
are bound to the edges of the 
oval window, an opening in the 
bone that surrounds the 
internal ear. 


Temporal bone 
(petrous part) 


Stabilizing 

ligament 


Braneh of 
faeial nerve 
VII (cut) 


External 

acoustic 

meatus 


Tympanie eavity 
(middle ear) 





The tensor tympanì (TEN-sor tim-PAN-è) 
muscle is a short ribbon of muscle that 
originates on the petrous part of the temporal 
bone and the auditory tube, and inserts on 
the"handle"of the malleus. When the tensor 
tympani eontraets, the malleus is pulled 
medially, stiffening the tympanie membrane 
and reducing the amount it ean vibrate in 
response to a sound.The tensor tympani 
muscle is innervated by motor fibers of the 
mandibular braneh of the trigeminal nerve 
(V). 


The stapedìus (sta-PÉ-dè-us) muscle, 
innervated by the faeial nerve (VII), originates 
from the posterior wall of the middle ear and 
inserts on the stapes. Gontraetion of the 
stapedius pulls the stapes, reducing move- 
ment of the stapes at the oval window. 


Auditory tube 


Round window 


Arriving sound waves vibrate the tympanie membrane, thereby eonverting the 
waves into meehanieal movements.The auditory ossieles conduct those vibrations 
to the internal ear, because they are eonneeted in such a way that an in-out 
movement of the tympanie membrane produces a roeking motion of the stapes. 
The ossieles thus function as a lever system that eolleets the foree applied to the 
tympanie membrane and focuses it on the oval window. Because the tympanie 
membrane is 22 times larger and heavier than the oval window, eonsiderable 
amplifieation occurs, so we ean hear very faint sounds. But that degree of amplifiea- 
tion ean be a problem when we are exposed to very loud noises. Gontraetions of the 
tensor tympani and the stapedius muscles proteet the tympanie membrane and 
ossieles from violent movements under very noisy eonditions. 


Moelyle 15.6 Revíew 


a. Why are external ear infeetions 
relatively uncommon? 

b. Name the three tiny bones loeated in 
the middle ear. 

e. What is the function ofthe auditory 
tube? 


15.6 Deseribe the structures of the external, middle, 
and internal ear, and explain how they function. 
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Module15.7 


The bony labyrìnth proteets the membranoos labyrínth 


The internal ear eontains the reeeptors for the speeial senses of 
equilibrium and hearing. It ean be snbdivided into an outer bony 
labyrinth and an inner membranons labyrinth. 



Bony Labyrìnth 


IVIembranous Labyrìnth 



A eolleetion of fluid-filled tubes and 
ehambers known as the membranous 
labyrìnth houses the reeeptors for 
equilibrium and hearing.The membra- 
nous labyrinth eontains a fluid ealled 
endolymph (EN-dó-limf).The reeeptor 
eells of the internal ear ean only function 
when exposed to the unique ionie 
eomposition of the endolymph. 


The semícírcular ducts lie within the 
semicircular eanals.Their reeeptors are 
stimulated by rotation of the head. 


The vestibule eontains a pair of membra- 
nous saes, the utrìcle (U-tre-kl) and the 
saccule (SAK-ul), which provide sensa- 
tions of gravity and linear aeeeleration. 


The eoehlear duct is a slender, 
elongated portion of the membranous 
labyrinth that is eontained within the 
eoehlea.The eoehlear duct sits 
sandwiched between a pairof 
perilymph-filled ehambers, and the 
entire complex makes turns around a 
eentral bony hub in a spiral arrangement 
that resembles a snail shell. 


2 


This eross seetion of a semieirenlar 
eanal shows the relationships among 


the bony labyrinth, perilymph, membranons 
labyrinth, and endolymph. 


The bony labyrìnth is a shell of dense bone that surrounds 
and proteets the membranous labyrinth. Between the bony 
and membranous labyrinths flows the perílymph (PER-i-limf), 
a liquid that elosely resembles eerebrospinal fluid.The bony 
labyrinth eonsists of three parts: the semícírcular eanals, the 
vestìbule (VES-ti-bul), and the eoehlea (KOK-lè-a; eoehlea, 
snail shell). 


Semicircular eanals 


Vestibule 


Goehlea 



Bony labyrinth 
Perilymph 

l\/lembranous labyrinth 


Endolymph 


KEY 


Membranoys 

labyrinth 

Bony labyrinth 
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This eoneept map snmmarizes the regions and 
fnnetions of the membranons labyrinth. 




The membranous labyrinth isfilled with endolymph 
and surrounded by perilymph and the bony 
labyrinth. 



ean be divided in to 



n 




The vestìbular complex is the part of the internal ear that 
provides equilibrium sensations by deteeting rotation, gravity, 
and linear aeeeleration. ^ 



inelades 





Semìcìrcular Ducts 


lltrìeleand Saccule 

The three semicircular 
ducts deteet rotational 
movements of the head 
in three different planes. 


These ehambers eontain 
reeeptors sensitive to head 
position relative to gravity. 
They also respond to linear 
aeeeleration. 




Movement of the stapes 
at the oval window 
generates pressure 
waves that stimulate 
hair eells at speeifie 
loeations along the 
length of the eoehlear 
duct. 



l\/lodule 15.7 Revìew 


The structure and orientation of the reeeptor complex vary 
from one part of the membranons labyrinth to another. As 
a result, eaeh region has a different sensitivity. Reeeptors in 
the vestibnle respond to gravity or aeeeleration, those in the 
semieirenlar ducts respond only to rotation, and hair eells in 
the eoehlear duct are sensitive only to sound. 


a. Identify the structures ofthe bony labyrinth. 

b. How do the semicircular eanals and the 
semicircular ducts differ? 

e. Deseribe the regional differenees among 
the receptorcomplexes in the membranous 
labyrinth. 


15.7 Deseribe the structures and functions ofthe 
bony labyrinth and membranous labyrinth. 
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Module15.8 



Haìr eells ìn the semìeìrenlar ducts respond to rotatìon; 
haír eells ín the utricle and saccule respond to gravíty 
and lìnear aeeeleration 


Seimìcìrcular Ducts 


The anterior, posterior, and lateral semieirenlar 
ducts are continuous with the utricle. Eaeh 
semicircular duct eontains an ampulla, an 
expanded region that eontains the reeeptors. 



The region in the wall of the 
ampnlla that eontains the reeeptors 
is known as a erista ampallaris. Eaeh 
erista ampnllaris is bound to a cupula 
(KU-pu-luh), a flexible, elastie, gelatinons 
structure that extends the full width of 
the ampnlla. At a erista ampnllaris, the 
kinoeilia and stereoeilia of the hair eells 
are embedded in the cupula. 


Grista ampullaris 


Anterior 

Posterior 

Lateral 



Dtriele 



Ampulla filled 
with endolymph 


Hair eells 


Supporting eells 


Sensory nerve 



Semicircular duct 

Ampulla 


Direetion of 
duct rotation 


- Direetion of relative 
endolymph movement 


Direetion of 
duct rotation 

/ 


2 


The cupula has a density very elose to that of the 


surrounding endolymph, so it essentially floats 
above the reeeptor snrfaee. When your head rotates in 
the plane of a semieirenlar duct, the movement of 
endolymph along the length of the duct pushes the 
cupula to the side, distorting the reeeptor proeesses. 
Movement of fluid in one direetion stimnlates the hair 
eells, and movement in the opposite direetion inhibits 
them. When the endolymph stops moving, the elastie 
cupula rebonnds to its normal position. 



Even the most complex movement 


ean be analyzed in terms of motion 
in three rotational planes. Eaeh semieir- 
cular duct responds to one of these 
rotational movements. A horizontal 
rotation, as in shaking your head 
“no,” stimnlates the hair eells of 
the lateral semieirenlar duct. 

Nodding “yes” excites the 
anterior duct, and tilting your 
head from side to side aetivates 
reeeptors in the posterior duct. 


Anterior semicircular 



Posterior semicircular 
cluct for tilting head to the side 
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The utricle and saccule provide equilib- 


rium sensations, whether the body is 
moving or stationary. These two ehambers are 
eonneeted by a slender passageway that is 
continuous with the narrow endolym- 
phatie duct, which ends in a blind 
pouch ealled the endolymphatie sae. 

This sae projeets into the snbaraehnoid 
spaee, where it is surrounded by a eapil- 
lary network. Portions of the eoehlear duct seerete 
endolymph continuously, and endolymph retnrns 
to the general eirenlation at the endolymphatie sae. 


5 


The hair eell proeesses are embedded in 
a gelatinons otolithie membrane whose 


snrfaee eontains densely paeked ealeinm 
earbonate erystals. These erystals are ealled 
otoliths (“ear stones”). 


6 


ehanges in the position of the head cause 
distortion of the hair eell proeesses in the 


Dtriele 



Endolymphatie sae 


Otolithie membrane 


Otoliths 


The hair eells of the utricle and 
saccule are clustered in oval 
structures ealled maculae (MAK-O-lè; 
macula, spot).The hair eell proeesses 
of the utricle projeet vertieally and 
those of the saccule projeet laterally. 


Endolymphatie duct 


Nerve fibers 


Saccule 



maenlae and send signals to the brain. 


When your head is in the normal, upright position, When your head is tilted, the pull of gravity on the otoliths shifts them to the 

the otoliths sit atop the otolithie membrane of the side, thereby distorting the hair eell proeesses and stimulating the macular 

macula in the utricle.Their weight presses on the reeeptors.This meehanism accounts for your pereeption of linear aeeeleration, 

macular surface, pushing the hair eell proeesses as when your ear speeds up suddenly.The otoliths lag behind, and the effeet on 

down rather than to one side or another. the hair eells is eomparable to tilting your head baek. 




Reeeptor 

output 

inereases 


Gravity 


Otolith 
moves 
"downhill," 
distorting hair 
eell proeesses 


Modyle 15.8 Revíew 


a. Damage to the cupula ofthe lateral semicircular duct 
would interfere with what pereeption? 

b. Defineotoliths. 

e. Cite the functions of reeeptors in the saccule and utricle. 



15.8 Deseribe the functions of hair eells in the semicircular ducts, utricle, 
and saccule. 
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j 


The eoehlear duct eontaìns the 
haìr eells of the organ of Gortí 



The eoehlear duct lies between a pair of 
perilymphatie ehambers: the seala 
vestibuli (SKÀ-luh ve-STIB-yuh-li; vestibular 
duct) and the seala tympani (tympanie duct). 
The outer surfaces of these ducts are eneased 
by the bony labyrinth everywhere except at 
the oval window (the base of the seala 
vestibnli) and the round window (the 
base of the seala tympani). Beeanse the 
vestibnli and tympani sealae are inter- 
eonneeted at the tip of the eoehlear 
spiral, they really form one long and 
continuous perilymphatie ehamber. 

This ehamber begins at the oval 
window, extends throngh the seala 
tympani, and proeeeds around the top 
of the eoehlea and along the seala 
tympani; it ends at the round window. 


Round window 


Stapes at 
oval window 


Seala vestibuli 


Goehlear duct 


Seala tympani 




Goehlear 

braneh 


braneh 


From oval 
window J 



Vestibulocochlear 
nerve (VIII) 


Semicircular 

eanals 


KEY 



Vestibular membrane 



Basilar membrane 


From oval window 
to tip of eoehlear spiral 

From tip of eoehlear 
spiral to round window 


Seala vestibuli 


Organ of Corti 
Goehlear duct 


Seala tympani 


Temporal bone 
(petrous part) 


Goehlear nerve 


To round 
window 


Vestibulocochlear nerve (VIII) 


2 


The eoehlear duct is a long, eoiled tube suspended between 
the seala vestibnli and the seala tympani. The vestibular 
membrane separates the eoehlear duct from the seala vestibuli, 
and the basílar membrane separates the eoehlear duct from the 
seala tympani. The hair eells of the eoehlear duct are loeated in 
a structure ealled the organ of Gorti, or spiral organ, which is 
loeated on the basilar membrane. 



Seetìonal víew of the eoehlear splral 


LM X 200 


552 • Chapter15:The Speeial Senses 






















































3 


This seetional view shows a single turn of the eoehlea. The 


seala vestibuli and seala tympani are filled with perilymph, 
whereas the eoehlear duct, which eontains the organ of Corti, is 
filled with endolymph. 


Bony eoehlear wall 


Seala vestibuli 

Vestibular nnennbrane 

Goehlear duct 


Basilar membrane 
Seala tympani 



The spiral ganglìon eontains the 
eell bodies of sensory neurons that 
monitor the adjaeent hair eells of the 
organ of Corti. 


The eoehlear braneh of the vestibulo- 
eoehlear nerve (VIII) eontains the 
axons of the neurons of the spiral 
ganglion. 


Organ of Corti 


4 


The hair eells of the organ of Gorti are 


arranged in a series of longitndinal rows. 
They laek kinoeilia, and their stereoeilia are in 
eontaet with the overlying teetorial (tek-TOR-è-al; 
teetnm, roof) membrane. This membrane is firmly 
attaehed to the inner wall of the eoehlear duct. 
When a portion of the basilar membrane bonnees 
up and down in response to pressnre fluctuations 
within the perilymph, the stereoeilia of the hair 
eells are pressed against the teetorial membrane 
and distorted. If the amount of movement 
inereases, more hair eells—and more rows 
of hair eells—are stimnlated. These pressnre 
ehanges within the perilymph are triggered by 
sound waves arriving at the tympanie membrane. 


Outer 
hair eell 



Basilar membrane Inner hair eell 


Nerve fibers 





Pressure wave 
in perilymph 


l\/lodule 15.9 Revìew 


a. VVhere is the organ of Corti loeated? 

b. Name the fluids found within the seala 
vestibuli, seala tympani, and eoehlear 
duct. 

e. VVhen the basilar membrane moves, 
what happens to the hair eells of the 
organ of Corti? 


15.9 Deseribe the structures and functions of the organ of Corti. 
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Module 15.10 



Movement of the basílar membrane ís the 
stìmulus for the sensatìons of piteh and volume 



Hearing is the pereeption of sonnd, 
which eonsists of waves of pressnre 
eondneted throngh a medinm such as air 
or water. In air, eaeh pressure wave has a 
region where the air moleenles are 
crowded together and one where they 
are farther apart. 


The wavelength of sound 
is the distanee between 
two adjaeent wave erests 
(peaks) or, equivalently, 
the distanee between two 
adjaeent wave troughs. 



Air molecules 


Tuning fork 


Tympanie 

membrane 


2 


Sound waves ean be graphed as S-shaped curves 
that repeat in a regnlar pattern. At sea level, sound 


waves travel throngh the air at about 1235 km/h (768 mph). 
The frequency is the number of waves that pass a 
fixed referenee point—such as the tympanie membrane— 
in a given time. Physieists use the term “eyeles” rather than 
waves. Henee, the frequency of a sound is measnred in 
terms of the number of eyeles per seeond (eps), a unit 
ealled hertz (Hz). What we pereeive as the piteh of a 
sound is our sensory response to its frequency. A high- 
frequency sound (high piteh, short wavelength) might have 
a frequency of 15,000 Hz or more; a very low frequency 
sound (low piteh, long wavelength) could have a frequency 
of 100 Hz or less. 


Because all sound 
waves travel at the 
same speed, as the 
frequency inereases, 
the wavelength must 
beeome shorter. 


The annplìtude is 

determined by the 
amount of energy 
earried by the wave.The 
greater the amplitude, 
the louderthe sound. 




1 wavelength 




Time (see) 



3 


This table lists the intensity—or energy in sound waves— 
of familiar sounds. Intensity determines how loud it 
seems. The greater the energy eontent, the larger the amplitnde, 
and the louder the sound. Sound energy is reported in deeibels 
(DES-i-belz) (dB). 


Intensity of Representative Sounds 

Typìeal 

Deeìbel 

Level 

Example 

Dangerous 

Tlme Exposure 

0 

Lowest audible sound 


30 

Quiet library; soft whisper 


40 

Quiet offiee; living room; 
bedroom away from traffie 


50 

Light traffie at a distanee; 
refrigerator; gentle breeze 


60 

Air eonditioner from 20 
feet; eonversation; sewing 
maehine in operation 


70 

Busy traffie; noisy restaurant 

Some damage if 
continuous 

80 

Subway; heavy eity traffie; 
alarm eloek at 2 feet; faetory 
noise 

More than 8 hours 

90 

Truck traffie; noisy home 
applianees; shop tools; 
gas lawn mower 

Less than 8 hours 

100 

ehain saw; boiler shop; 
pneumatic drill 

2 hours 

120 

"Heavy metal" roek eoneert; 
sandblasting; thunderclap 
nearby 

Immediate danger 

140 

Gunshot; jet plane 

Immediate danger 

160 

Roeket launching pad 

Hearing loss inevitable 
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The energy of sound waves is a physieal 


pressure. When sound waves strike a flexible 
objeet, the objeet responds to that pressnre. Given 
the right eombination of frequencies and amplitndes, 
the objeet will begin to vibrate at the same frequency 
as the sound, a phenomenon ealled resonanee. The 
higher the amplitnde, the greater the amount of 
vibration. For you to be able to hear a sound, your 
tympanie membrane must vibrate in resonanee with 
the sound waves. Pressnre waves at the tympanie 
membrane generate movement of the stapes at the 
oval window. The flexibility of the basilar membrane 
varies along its length, so pressnre waves of different 
frequencies affeet different parts of the membrane. 
This diagram depiets the movement prodneed by 
sound waves with a frequency of 6000 Hz. When the 
stapes moves inward, the basilar membrane distorts 
toward the round window, which bulges into the 
middle ear eavity. When the stapes moves outward, 
the basilar membrane rebonnds and distorts toward 
the oval window. The loeation of the vibration is 
interpreted as piteh. The number of stimulated hair 
eells is interpreted as volume. 


Stapes 

moves 

inward 

Round 

window 

pushed 

outward 


Stapes 

moves 

outward 


Round 

window 

pulled 

inward 





Basilar membrane distorts 
toward round window 




Basilar membrane distorts 
toward oval window 
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This illnstration snmmarizes the 
events involved in hearing. 


Events Involved ín Hearíng 


Sound waves 
arrive at the 
tympanie 
membrane. 


Movement 
of sound 
waves 


Movement of 
the tympanie 
membrane causes 
displaeement of 
the auditory 
ossieles. 


Movement of the 
stapes at the oval 
window establishes 
pressure waves in 
the perilymph of 
the seala vestibuli. 


The pressure 
waves distort the 
basilar membrane 
on their way to the 
round window of 
the seala tympani. 


Vibration of the 
basilar membrane 


Information about the 
region and the intensity 


causes vibration of of stimulation is relayed 


hair eells against 
the teetorial 
membrane. 


to the CNS over the 
eoehlear braneh of 
eranial nerve 




Seala tympani (eontains perilymph) 
Basilar membrane 

Goehlear duct (eontains endolymph) 
Vestibular membrane 


Seala vestibuli (eontains perilymph) 


Modyle 15.10 Revíew 




Tympanie 

membrane 


Round 

window 


a. Definedeeibel. 


Beginning at the external acoustic 
meatus, list, in order, the structures 
involved in hearing. 

How would sound pereeption be 
affeeted if the round window could 
not bulge out as a result of inereased 
perilymph pressure? 


(S) 15.10 Explain the anatomieal and physiologieal basis 
for piteh and volume sensations for hearing. 
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Module 15.11 



The vestìbulocochlear nerve earrìes equilìbrium 

and hearing sensations to the brain stem 

Equilibrium 



The reeeptors for the sense of equilibrium (balanee) are 
the hair eells of the vestibnle and the semieirenlar ducts. 
The information the reeeptors eolleet is passed along the 
vestibnlar braneh of eranial nerve VIII to the vestibnlar nuclei, 
which in turn distribnte the information throughout the CNS. 



Hair eells of the 
vestibule and 
semicircular 
ducts monitor 
body position 
and motion. 


Semicircular 

eanals 



Sensory neurons loeated in 
adjaeent vestibular ganglia earry 
information from the hair eells. 
These sensory fibers form the 

vestìbular braneh of the 

vestibulocochlear nerve (VIII). 



The vestibular nuclei in the 
medulla oblongata integrate 
sensory information from both 
ears, and relay that information 
to the eerebral cortex, eerebel- 
lum, and motor nuclei in the 
brain stem and spinal eord. 




The automatic movements of 
the eyes that occur in response 
to sensations of motion are 
direeted by the superior 
colliculi.These movements 
attempt to keep your gaze 
focused on a speeifie point in 
spaee, despite ehanges in body 
position and orientation. 


The reflexive motor eommands 
issued by the vestibular nuclei 
are distributed to the motor 
nuclei for the eranial nerves 
involved with eye, head, and 
neek movements (III, IV, VI, 
and XI). 


The vestibular nuclei relay 
information about position and 
balanee to the cerebellum. 


lnstructions deseending in the 
vestibulospinal traets of the 
spinal eord adjust peripheral 
muscle tone and eomplement 
the reflexive movements of the 
head or neek. 


2 


The table at right summarizes the 
primary functions of the vestibnlar 


nuclei as they proeess information 
arriving from the equilibrium reeeptors 
in both ears. 


Functions of the Vestibular Nuclei 


1. Integrating sensory information about equilibrium that arrives from both ears. 

2. Relaying information from the vestibular complexto the cerebellum. 

3. Relaying information from the vestibular complexto the eerebral cortex, providing a 
conscious sense of head position and movement. 

4. Sending eommands to motor nuclei in the brain stem and spinal eord. 
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Hearing 


3 


Hair eells along the basilar membrane are the reeeptors 


for the sense of hearing. Information they eolleet is passed 
along the eoehlear braneh of the vestibnloeoehlear nerve (VIII) 
to the eoehlear nnelei, which in turn distribute that information 
to the snperior olivary nuclei, inferior eollienli, thalamns, and 
anditory cortex. 




Stimulation of hair eells at a 
speeifie loeation along the 
basilar membrane aetivates 
sensory neurons. As noted in 
Modnle 15.10, the region of 
the organ of Corti stimulated 
by a sound depends on its 
frequency, with high- 
frequency sounds stimulat- 
ing reeeptors elosest to the 
oval window. 


Goehlea 


Low-frequency 

sounds 



To ipsilateral 
auditory 
cortex 


Sensory neurons whose eell 
bodies are in the adjaeent 
spiral ganglion earry the 
sound information in the 
eoehlear braneh of the 
vestibulocochlear nerve (VIII) 
to the eoehlear nuclei. 


KEY 





Primary pathway 

Seeondary pathway 
Motor output 


Projeetion fibers then deliver the 
information to speeifie loeations 
within the auditory cortex of the 
temporal lobe. In effeet, the 
auditory cortex eontains a map 
of the organ of Corti. Your 
pereeption of piteh is based on 
what portion of the auditory 
cortex is stimulated, and your 
pereeption of volume is 
determined by the degree of 
stimulation at that loeation. 




Before reaehing the eerebral 
cortex and your awareness, 
aseending auditory sensations 
synapse in the medial geniculate 
nucleus of the thalamus. 


High-frequency 

sounds 


formation and 
motor nuclei of 
eranial nerves 


The inferior colliculus eoordinates a number 
of responses to acoustic stimuli, including 
auditory reflexes that involve skeletal 
muscles of the head, faee, and trunk. These 
reflexes automatically ehange the position 
of your head in response to a sudden loud 
noise. You usually turn your head and your 
eyes toward the source of the sound. 


Vestibulocochlear 
nerve (VIII) 


Superior olivary nucleus 



Axons within the eoehlear nerve synapse 
wtihin the eoehlear nuclei of the medulla 
oblongata. From there, information aseends 
to the superior olivary nuclei of the pons 
and both inferior colliculi of the midbrain. 


Motor output to spinal 
eord through the 
teetospinal traets 


IVIodule 15.11 Revìew 


Most of the auclitory information from one eoehlea is projeeted to 
the auditory cortex of the eerebral hemisphere on the opposite side 
of the brain. However, eaeh anditory cortex also reeeives informa- 
tion from the eoehlea on that side. These intereonneetions play a 
role in loealizing sounds (left/right). They ean also reduce the 
functional impaet of damage to a eoehlea or aseending pathway. 


a. VVhere are the hair eell reeeptors for 
equilibrium loeated? 

b. VVhieh eranial nerves are involved with 
eye, head, and neek movements? 

e. VVhat is your reflexive response 
to hearing a loud noise, such as a 
fireeraeker? 


15.11 Traee the pathways for the sensations of equilibrium 
and hearing to their respeetive destinations in the brain. 
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Labelíng 

Label the structures in the 
follovving diagram of the 
right ear. 







Label the structures in the 
follovving mierograph of the 
internal ear. 



Seetíon ìntegratìon 

For a fevv seeonds after you ride an express elevator from the 25th floor to the ground floor, you still 
feel as if you are deseending, even though you have eome to a stop. Why? 
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Module 15.12 


SECTION 3 • Vìsìon 



The eyes form early ìn embryonk development 

This seetion will examine the anatomy and physiology of the adnlt eyes. The 
eyes, which give us the sense of vision, are our most complex sense organs. A 
tremendons amount of sensory integration, feedbaek, and proeessing occurs 
within the eye before any sensations are relayed to the CNS. This fnnetional 
complexity far exceeds that of the reeeptor complexes responsible for olfaetion, 
gnstation, equilibrium, and hearing. That complexity is direetly related to 
the way the eyes form during embryonie development. In many ways 
the eyes resemble detaehed CNS nuclei that are totally devoted to 
proeessing visual stimuli. 



The first indieation of eye development appears 
as a pair of bulges ealled optie vesieles form in 
the lateral walls of the proseneephalon. These bulges 
extend to either side like a pair of dnmbbells, eaeh 
eontaining a eavity continuous with the nenroeoel 
(Module 13.1, p. 463). 


2 


The lateral bulges beeome indented, forming 
a pair of optie cups that remain eonneeted 


to the dieneephalon by slender stalks. The 
epidermis overlying the optie cup responds 
by forming a poeket that later pinehes off 
and develops into the lens of the eye. The 
inner and outer layers of the optie 
cup develop into the retina. 


The retina will house the 
light-sensing photoreeeptor 
eells. 


Developing 

lens 



Week5 



Week4embryo 


Neurocoel 


Optie vesiele 


Layers of the Developìng Retina 


The ependymal eells in this region of the outer layer of 
the optie cup develop into the photoreeeptors. 


The ependymal eells on the inner layer of the optie cup 
develop into pigment eells that absorb light that has 
passed through the photoreeeptor layer.The separa- 
tion gradually deereases until the photoreeeptors and 
pigment eell layers are in eontaet. 


This neural tissue of the outer layer of the optie cup 
forms layers of neurons, ganglion eells, and speeialized 
glial eells that proeess and integrate visual information. 


3 


Embryonie eells aggregating 
around the optie cup form 


snpporting layers of eonneetive tissue 
that isolate the neural tissnes from the 
rest of the body. The eye develops 
interior ehambers filled with fluid 
that is continuously generated and 
reabsorbed. Modnles within this 
seetion will examine eaeh of these 
eomponents of the eye in greater detail. 



Week6 


The optie nerve (II) follows the path of the 
original stalk eonneeted to the optie cup. 


Eyelids 


Fluid-filled 

ehambers 

Gonneetive 
tissue layers 


l\/lodule 15.12 Revìew 


a. What are the first structures that form 
during eye development? 

b. Which structures develop into 
the retina? 

e. Which eells develop into the 
photoreeeptors? 


15.12 Outline the embryonie development ofthe eye. 





























































Module 15.13 
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Aeeessory structures of the eye provide proteetìon 
vvhíle allovvìng light to reaeh the interior of the eye 



Medially, the two eyelids are eonneeted at 
the medìal canthus (KAN-thus). 


Eyelìds and Eyelashes 


The eyelashes, along the margins of the 
eyelids, are very robust hairs that help 
prevent foreign matterfrom reaehing the 
surface of the eye. 


The eyelid, or palpebra (PAL-peh-bruh), is 
a continuation of the skin.The continual 
blinking of the palpebrae keeps the surface 
of the eye lubricated, and removes dust 
and debris.The eyelids ean also elose firmly 
to proteet the deiieate surface of the eye. 


The palpebral fìssure is the gap that 
separates the free margins of the upper 
and lower eyelids. 


The laerìmal caruncle (KAR-ung-kul) is a small, reddish 
body at the medial angle of the eye. It produces the 
thiek seeretions that cause the gritty deposits that 
sometimes appear after a good night's sleep. 


The eornea is a transparent area 
on the anterior surface of the eye. 


Light enters the eye by passing 
through the eornea and then 
through the pupìl, an opening at 
the eenter of the eolored iris. 


Laterally, the two eyelids are 
eonneeted at the lateral canthus. 


Aeeessory structures of the eye include the eyelids, eyelashes, 
the superficial epithelium of the eye, and the structures assoei- 
ated with the production, seeretion, and removal of tears. 


2 


The epithelinm eovering the inner 
snrfaees of the eyelids and the outer 


surface of the eye is ealled the 
conjunctiva (kon-junk-Tl'Vuh). 
It is a mucous membrane 
eovered by a speeialized 
stratified squamous 
epithelium. 



Modified sebaceous glands ealled tarsal 
glands, or Meibomian (mí-BÒ-mè-an) 
glands, are along the inner margin of 
the lid.These glands seerete a lipid-rieh 
product that helps keep the eyelids 
from stieking together. 


Conjunctìva 

The palpebral conJunctìva eovers the 
inner surface of the eyelids. 


The ocular conJunctìva eovers the 
anterior surface of the eye. 


The poeket ereated where the palpebral 
conjunctiva beeomes continuous with the 
ocular conjunctiva is known as the fornix 
of the eye. 


The ocular conjunctiva is continuous with 
the very delieate eorneal epithelium that 
eovers the surface of the eornea.The 
eornea is a transparent portion of the eye's 
anterior surface. 
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A eonstant flow of tears keeps eonjnnetival snrfaees 
moist and elean. Tears rednee frietion, remove 


debris, prevent baeterial infeetion, and provide nntrients 
and oxygen to portions of the eonjnnetival epithelinm. The 
laerìmal apparatus prodnees, distribntes, and removes 
tears. The laerimal apparatns of eaeh eye eonsists of 

(1) a laerimal gland (or tear gland) with assoeiated dnets, 

(2) paired laerimal eanalienli, (3) a laerimal sae, and 
(4) a nasolaerimal duct. 


Dpper eyelid 


Lower eyelid 


A layer of resilient 
orbital fat posterior 
to the eyeball 
provides padding 
while permitting 
eye movements. 


Inferior rectus muscle 


Inferior oblique muscle 



eomponents of the Laerìmal Apparatus 

The almond-shaped laerimal gland is about 
12-20 mm (0.5-0.75 in.) long. Eaeh day it produces 
about 1 mL of watery, slightly alkaline tears.The 
tears lubricate, nourish, and oxygenate the eorneal 
eells. Laerimal gland seeretions eontain the 
antibaeterial enzyme lysozyme and antibodies 
that attaek pathogens before they enter the body. 


There are 10-12 tear ducts that deliver tears from 
the laerimal gland to the spaee behind the upper 
eyelid. 


The laerìmal puncta (singular, punctum) are two 
small pores that drain the laerimal lake. 


The laerìmal canalìculí are small eanals that 
eonneet the laerimal puncta to the laerimal sae. 

The laerìmal sae is a small ehamberthat nestles 
within the laerimal sulcus of the orbit. 

The nasolaerìmal duct originates at the inferior tip 
of the laerimal sae. It passes through the 
nasolaerimal eanal to deliver tears to the nasal eavity. 


The nasolaerimal duct empties into the inferior 
meatus, a narrow passageway inferior and lateral to 
the inferior nasal eoneha. 




4 


Conjunctivitis, or pinkeye, is an 


inflammation of the conjunctiva. 
The most obvions sign, redness, is due 
to the dilation of blood vessels deep 
to the eonjnnetival epithelinm. This 
eondition may be caused by patho- 
genie infeetion or by physieal, 
allergie, or ehemieal irritation 
of the eonjnnetival snrfaee. 



Modnle 15.13 Revìew 


a. List the aeeessory structures assoeiated 
with the eye. 

b. VVhieh layerofthe eye would bethe 
fìrst affeeted by inadequate tear 
production? 

e. Describeconjunctivitis. 


15.13 Identify the aeeessory structures of the eye and explain their functions. 
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Module 15.14 



The eye has a layered wall; ìt ìs hollow, wìth 
fluìd-fìlled anterior and posteríor eavíties 



The wall of the eye has three layers, 
formerly ealled tunics. 


Fìbrous Layer 


Vascular Layer 


The fìbrous layer, the outermost layer of the eye, eonsists of the eornea and the 
white selera (SKLER-uh).These two eomponents are continuous, and the border 
between the two is ealled the eorneal límbus. The fibrous layer (1) supports and 
proteets, (2) is an attaehment site for the extrinsic eye muscles, and (3) eontains 
the transparent eornea. Light first enters the eye through the eornea; its 
curvature aids in the focusing proeess. 


Selera 


eorneal limbus Gornea 



Optie nerve 


Inner Layer 


The vascular layer, or uvea (U-vè-uh), eontains 
numerous blood vessels, lymphatie vessels, and the 
intrinsie (smooth) muscles of the eye.The functions 
of this middle layer include (1) providing a route for 
blood vessels and lymphaties that supply tissues of 
the eye; (2) regulating the amount of light that 
enters the eye; (3) seereting and reabsorbing the 
fluid ealled aqueous humor that circulates within the 
ehambers of the eye; and (4) eontrolling the shape of 
the lens, an essential part of the focusing proeess. 


The eolored iris is visible through the transparent 
eorneal surface. It eontains blood vessels, pigment 
eells, and layers of smooth muscle fibers. VVhen 
these muscles eontraet, they ehange the diameter 
of the pupil. 


The eiliary body is a thiekened region that bulges 
into the interior of the eye. Suspensory ligaments 
extend from the eiliary body to the lens, holding it in 
position posterior to the pupil. 


The ehoroid is a vascular layer that is eovered by the 
selera.The ehoroid has an extensive eapillary 
network that delivers oxygen and nutrients to the 
neural tissue within the neural layer. 


The inner layer, or retina, is the innermost layer of the eye.The retina eonsists 
of a thin outer layer (the pigmented part) that absorbs light, and a thiek inner 
layer (the neural part) that eontains the photoreeeptors —the eells that are 
sensitive to light. 


2 


This seetional view shows 


Gornea 


that the eiliary body and 
the lens divide the interior of the 
eye into a small anterior eavity 
and a large posterior eavity. 



eiliary body 


Optie nerve 


Anteríor Gavíty 



The anterìor ehamber extends from the eornea to 
the iris. 


The posterìor ehamber extends between the iris 
and the eiliary body and lens. 


Posterior Gavíty 


Most of the posterior eavity's volume is taken up by a 
gelatinous substance known as the vítreous body. 
Vítreous humor is the fluid part of the vitreous body. 
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A view of the anterior eavity at greater magnifiea- 
tion reveals additional details abont the strnetnre 


of the iris and eiliary body. Eye eolor is determined by 
(1) genes that inflnenee the density and distribntion of 
melanoeytes on the anterior snrfaee and interior of the 
iris, and (2) the density of the pigmented epithelinm. 
When the eonneetive tissne of the iris eontains few 
melanoeytes, light passes throngh it and bonnees off 
the pigmented epithelinm; the eye then appears blue. 
Individuals with green, brown, or blaek eyes have 
inereasing nnmbers of melanoeytes in the body and 
snrfaee of the iris. The eyes of people with albinism 
appear a very pale gray or blue-gray. 


4 


Aqueous humor is a fluid that circulates within the 


anterior eavity, passing from the posterior to the 
anterior ehamber throngh the pupil. It also freely diffuses 
through the vitreous body and aeross the snrfaee of the 
retina, where it is ealled vitreons humor. Circulation of the 
aqueous humor provides an important route for nutrient 
and waste transport, in addition to forming a fluid cushion. 
The pressnre exerted by the aqueous humor helps retain 
the eye s shape; it also stabilizes the position of the retina, 
pressing the neural part against the pigmented part. A 
proeednre ealled tonometry measnres the eye s intraoenlar 
pressnre—the fluid pressure within the anterior ehamber. 
Normal intraoenlar pressnre ranges from 12 to 21 mm Hg. 


The bulkof the 
eiliary body 
eonsists of the 
eìlìary imuscle, a 
snnooth nnuscu- 
lar ring that 
projeets into the 
interior of the 
eye. 


The eìlíary 
proeesses are 

folds of epitheliunn 
eovering the eiliary 
nnuscle. 


The body of the iris eonsists of a highly 
vascular, pigmented, loose eonneetive 
tissue. The anterior surface has no 
epithelial eovering; instead, it has an 
ineomplete layer of fibroblasts and 
melanoeytes.The posterior surface is 
eovered by a pigmented epithelium 
that is part of the neural tunic. 


Aqueous humor forms 
through aetive seeretion by 
epithelial eells of the eiliary 
body's eiliary proeesses at a 
rate of 1 -2 pL per minute. 
The epithelial eells regulate 
its eomposition, which is 
similarto eerebrospinal fluid. 




ehamber 




Aqueous humor leaves the 
eye through the seleral 
venous slnus (eanal of 
Sehlemm), a passageway 
that extends eompletely 
around the eye at the level 
of the eorneal limbus. 
Golleeting ehannels deliver 
the aqueous humor from 
this eanal to veins in the 
selera.The rate of removal 
normally keeps paee with 
the rate of seeretion, and 
aqueous humor is 
removed and reeyeled 
within a few hours of its 
formation. 





The ora serrata (0-ra ser-RA-tuh; 
serrated mouth) isthejagged 
anterior edge of the neural part of 
the retina.The outer pigmented 
part of the retina continues 
anteriorly aeross the posterior 
surface of the iris. 



: 




T 1 










Conjunctiva 







Posterior eavity 
(vitreous ehamber) 


% 





The fibers making up the eiliary zonule 
(suspensory ligaments) attaeh to the tips 
of the eiliary proeesses. These eonneetive 
tissue fibers hold the lens posterior to 
the iris and eentered on the pupil. As a 
result, any light passing through the 
pupil will also pass through the lens. 


Modyle 15.14 Revìew 



Name the three layers of the eye. 


b. What give eyes their eharaeteristie 
eolor? 

e. Whereintheeyeisaqueoushumor 
loeated? 


15.14 Deseribe the layers of the wall of the eye and the anterior and posterior eavities of the eye. 
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Module 15.15 


The eye is highly organized and has a eonsistent 
visual axis that direets light to the fovea of the retina 



The seetional view below presents key aspeets 
of eye anatomy that are assoeiated with 
positioning the eye and allowing light to reaeh the 
photoreeeptors of the retina. 


The eornea allows light to enter the eye, so its transpareney and 
elarity are vital to eye function. The eornea eonsists primarily of a 
dense matrix eontaining multiple layers of eollagen fibers, organized 
so as not to interfere with the passage of light. The eornea is 
avascular; the superficial epithelial eells must obtain oxygen and 
nutrients from the tears that flow aeross their free surfaces. 


The lens lies posterior to the eornea, held in plaee by the eiliary 
zonule that originates on the eiliary body.The lens eonsists of 
eoneentrie layers of eells surrounded by a dense fibrous capsule. 
The eells are slender, long, and filled with transparent proteins 
ealled erystallìns, which are responsible for both the elarity and 
the focusing power of the lens. Around the edges of the lens 
capsular fibers intermingle with those of the eiliary zonule.The 
primary function of the lens is to focus the visual image on the 
photoreeeptors. The lens does this by ehanging shape. 


Tension in the series of fibers making up the 
eiliary zonule resists the tendeney of the lens to 
assume a spherieal shape. 


The eiliary body supports the lens and eontrols 
its shape. 


The retina eontains the photoreeeptors, pigment 
eells, supporting eells, and neurons. 


The blood vessels of the ehoroid direetly or 
indireetly provide nutrients to all structures 
within the eye. 


The selera, or"white of the eye,"consists of 
dense fibrous eonneetive tissue eontaining both 
eollagen and elastie fìbers.This layer is thiekest 
over the posterior surface of the eye, near the 
exit of the optie nerve, and thinnest over the 
anterior surface. The selera stabilizes the shape 
of the eye during eye movements.The six 
extrinsic eye muscles insert on the selera, 
blending their eollagen fibers with those of 
the selera. 


The optie nerve (II) earries visual information to 
the brain. 



564 • Chapter15:TheSpecial Senses 
























2 


The amount of light 


entering the eye and 
passing through the lens is 
eontrolled by the two layers of 
the pnpillary mnseles of the iris. 
When these smooth mnseles 
eontraet, they ehange the 
diameter of the pupiL Both 
muscle layers are eontrolled by 
the antonomie nervons system. 
Parasympathetie aetivation in 
response to bright light causes 
the pupils to eonstriet, whereas 
sympathetie aetivation in 
response to dim light causes 
the pupils to dilate. 



Pupillary eonstrietor 
(sphineter) 





The pupìllary dìlator muscles 

extend radially away from the 
edge of the pupil. Gontraetion 
of these muscles enlarges the 
pupil. 


Pupillary dilator 

(radial) ^he pupíllary eonstríetor muscles 

form a series of eoneentrie eireles 
around the pupil. When these 
sphineter muscles eontraet, the 
diameter of the pupil deereases. 


Deereased light intensity 
inereased sympathetie stimulation 


inereased light intensity 
inereased parasympathetie stimulation 


3 


Light passing throngh the eenter of the eornea 
and the eenter of the lens strikes a speeifie 


loeation that eontains the highest density of 
photoreeeptors anywhere in the eye. 





fr 


I • 




The vìsual axis of the eye is an imaginary line 
drawn from the eenter of an objeet you are 
looking at direetly, through the eenter of the 
eornea and the eenter of the lens to the retina. 


The photoreeeptors are loeated in the inner, neural 
portion of the retina.The type and density of 
reeeptors vary from one portion ofthe retina to 
another. 


The very highest eoneentration of photoreeeptors 
occurs at the eenter of an area ealled the macula 
(l\/lAK-u-luh; spot) or macula lutea.This eentral area 
is ealled the fovea (FO-vè-uh; shallow depression) 
or fovea eentralis. The fovea is the point of 
sharpest vision: When you look direetly at an 
objeet, its image falls on this portion of the retina. 


Module 15.15 Revìew 


a. Which eye structure does not eontain blood 
vessels? 

b. List the structures and fluids that light passes 
through from the eornea to the retina. 

e. What happens to the pupils when light 
intensity deereases? 


15.15 Explain how light is direeted to the fovea of the retina. 
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Module 15.16 
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The eye is often eompared to a eamera. To provide useful informa- 
tion, the lens of the eye, like a eamera lens, must focus the arriving 
image. For an image to be “in focus,” the rays of light arriving from an 
objeet must strike the sensitive snrfaee of the retina in preeise order, 
forming a miniatnre image of the objeet. If the rays are not perfeetly 
foensed, the image is blurry. Focusing typieally occurs in two steps: as 
the light passes throngh the eornea, and as it passes throngh the lens. 



Light is refraeted, or bent, when it passes from one medium to 
another medium with a different density. In the human eye, the 
greatest amount of refraetion occurs when light passes from the air into the 
eorneal tissnes, which have a density elose to that of water. You eannot vary 
the amount of refraetion that occurs at the eornea. Additional refraetion 
takes plaee when the light passes from the aqueous humor into the relatively 
dense lens. The lens provides the extra refraetion needed to focus the light 
rays from an objeet toward a foeal point—a speeifie point of interseetion on 
the retina. The distanee between the eenter of the lens and its foeal point is 
the foeal distanee of the lens. Whether in the eye or in a eamera, the foeal 
distanee is determined by the distanee from the objeet to the lens, and the 
shape of the lens. 


2 


A eamera foenses an image by moving the lens toward or away 
from the digital image sensor. This method of foensing eannot 


work in our eyes, beeanse the distanee from the lens to the retina 
eannot ehange. We focus images on the retina by ehanging the shape 
of the lens to keep the foeal distanee eonstant and give us elear vision, 
a proeess ealled aeeommodation. 


Foeal distanee 



Foeal distanee 


Foeal 

point 


The eloser the líght source, 
the longer the foeal dìstanee 


Foeal distanee 



The rounder the lens, 
the shorter the foeal dìstanee 


eiose 

source 



X / 


For eiose Vísion: eílíary Mosele Gontraeted, Lens Rounded 


Foeal point 
on fovea 


When the eiliary muscle eontraets, the eiliary body moves tovvard 
the lens, thereby reducing the tension in the eiliary zonule. The 
elastie capsule of the lens then pulls it into a more spherieal shape 
that inereases the refraetive povver of the lens, enabling it to bring 
light from nearby objeets into focus on the retina. 
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An objeet in view is not a single point. The image eonsists of a large 


nnmber of individnal points, like the pixels on a eompnter sereen. In 
the eye, light from eaeh point is foensed on the retina, ereating a miniatnre 
image of the original. However, the image is inverted and reversed. The brain 
eompensates for this image reversal, and we are not aware of any differenee 
between the orientation of the image on the retina and that of the objeet. 

The eompensation is learned by experience—a person wearing glasses that 
reverse and invert the visnal image ean adapt to the ehange relatively quickly. 



Gonsider a sagittal seetion through an 
eye that is looking at a telephone pole. 
The image of the top of the pole lands at 
the bottom of the retina, and the image 
of the bottom hits the top of the retina. 
These illustrations are not drawn to seale 
because the fovea occupies only a small 
area of the retina, and the projeeted 
images would be very tiny. As a result, 
the erossover is shown in the lens, 
whereas it actually occurs near the 
fovea. 


Now eonsider the same sagittal seetion 
through an eye that is looking at a 
pieket fenee.The image ofthe left edge 
of the fenee falls on the right side of the 
retina, and the image of the right edge 
falls on the left side of the retina. 


The greatest amount of refraetion is required to view objeets 
that are very elose to the lens. The inner limit of elear vision, 
known as the near point of vision, is determined by the 
degree of elastieity in the lens. Ghildren ean usually focus on 
something 7-9 em (3-4 in.) from the eye, but over time the 
lens tends to beeome stiffer and less responsive. A young 
adult ean usually focus on objeets 15-20 em (6-8 in.) away. 
As we age, this distanee gradually inereases. The near point 
at age 60 is typieally about 83 em (33 in.). 


Modole 15.16 Revíew 


a. Definefoeal point. 

b. When the eiliary muscles are relaxed, 
are you viewing something elose up or 
something in the distanee? 

e. Why doesthe near point ofvision 
typieally inerease with age? 


15.16 Deseribe the proeess by which images are focused on the retina. 


Seetìon 3: Vìsìon • 567 




























































Module 15.17 


r 


The neural part of the retina eontaìns multiple layers of 
speeialized photoreeeptors, neurons, and supporting eells 



This diagrammatie seetional view throngh the eye 
shows the retina near the origin of the optie nerve. 


Pìgmented Part of the Retìna 


The pigmented part of the retina absorbs light that passes 
through the neural part, preventing light from bouncing baek 
and producing visual "eehoes" The pigment eells also have 
important bioehemieal interaetions with the retina's light 
reeeptors, which are loeated in the neural part of the retina. 



Gentral retinal vein 
Gentral retinal artery 


Optie nerve 


Neural Part of the Retìna 



The neural part of the retina eontains photore- 
eeptors, supporting eells, and neurons that 
perform preliminary proeessing and integration 
of visual information. 


The outermost layer, elosest to the pigmented 
part of the retina, eontains the photoreeeptors. 

Ganglìon eells form the innermost layer of eells 
in the neural part of the retina. 


The axons of the ganglion eells eonverge at the 
optie dise to form the optie nerve, which earries 
visual information to the brain.The optie dise has 
no photoreeeptors. Because an image falling on 
this portion of the retina eannot be deteeted, it is 
ealled the blind spot. 


Blood vessels enter and leave the interior of the 
eye within the optie nerve.They radiate aeross 
the inner surface of the eye, servieing the inner 
layers of eells in the neural part of the retina. 


2 


This is a photograph of the retinal 
snrfaee, taken throngh the eornea, pnpil, 


and lens of the right eye. 


Optie dise 
(blind spot) 


Fovea (dense area at the eenter of 
the lighter macula) 


l\/lacula 


Gentral retinal artery and vein 
emerging from eenter of optie dise 
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This seetional view shows that the retina eontains 
mnltiple layers of speeialized eells, inelnding two 
of photoreeeptors: rods and eones. 




LIGHT 


Photoreeeptors of the Retìna 

Rods do not diseriminate among 
eolors of light. Highly sensitive, 
they enable us to see in dimly lit 
rooms, at twilight, and in pale 
moonlight. 


Cones provide us with eolor 
vision.They give us sharper, 
elearer images than rods do, but 
eones require more intense light. 


Bipolar eells synapse on ganglion 
eells. 


Pigmented part of retina 


Rods and eones synapse with 
neurons ealled bìpolar eells. 


Horlzontal and Amaerlne Cells 

These eells ean faeilitate or inhibit 
communication between photoreeep- 
tors and ganglion eells, thereby altering 
the sensitivity of the retina.The effeet is 
eomparable to adjusting the eontrast on 
a television set.These eells play an 
important role in the eye's adjustment 
to dim or brightly lit environments. 


A network of horlzontal eells extends 
aeross the outer portion of the retina at 
the level of the synapses between 
photoreeeptors and bipolar eells. 


A layer of amaerlne (AM-a-krin) eells 
occurs where bipolar eells synapse with 
ganglion eells. 




U 

fT3 





Low Density of Cones 



High Density ofGones 


The retina of eaeh eye eontains approximately 6 million 
eones.The density of eones reaehes its maximum at 
the fovea of the macula, where there are no rods. 


Low Density of Rods 
High Density of Rods 


The retina eontains approximately 125 million rods.The 
density of rods is highest at the periphery of the retina, 
where there are very few eones. 


This graph plots the sharpness of vision, or vlsual aculty, 
along the axis of the horizontal line.There is a direet 
eorrelation between visual acuity and eone density. 






Lateral border Fovea Blind Nasal border 

spot 



The two eolor bands in this illnstration of the retinal snrfaee indieate the 
relative densities of eones and rods on either side of a horizontal line 


Modale 15.17 Revìew 


a. Gompare rods with eones. 


passing throngh the fovea and optie dise of the right eye. When you look direetly 
at an objeet, the image falls on the fovea, the eenter of eolor vision and image 
sharpness. However, in very dim light, eones eannot function. That is why you 
eannot see a dim star if you stare direetly at it, but you ean see it if you shift your 
gaze to one side or the other so that the image falls on the more sensitive rods. 


b. If you enter a dimly lit room, will you be 
able to see elearly? Why or why not? 

e. If you had been born without eones in 
your eyes, explain why you would or 
would not be able to see. 


15.17 Deseribe the structure and function of the retina's layers of eells, and 
the distribution of rods and eones and their relation to visual acuity. 
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Module 15.18 


r 


Photoreeeptìon occurs in the outer 

segment of rod and eone eells 


The rods and eones of the retina are ealled photoreeeptors beeanse 
they deteet photons, the basie nnits of visible light. Light energy is 
a form of radiant energy that travels in waves with a eharaeteristie 
wavelength (distanee between wave peaks). Our eyes are sensitive 
to wavelengths of 400-700 nm, the spectrum of visible light. A 
nanometer (nm) is one billionth of a meter. 



This illustration shows the major structural features of rods and 
eones, and the adjaeent pigment epithelium and bipolar eells. The 
outer segments of both rods and eones have membranous plates, or dises, 
that eontain speeial organie eomponnds ealled visual pigments. 



Structure of Cones Structure of Rods 



LIGHT 


Pìgment Epìthelìum 

The pigment epithelium 
absorbs photons that are 
not absorbed by visual 
pigments. It also phagoey- 
tizes old dises shed from the 
tip of the outer segment. 


Melanin granules 


Outer Segment 

The outer segment of a 
photoreeeptor eontains 
flattened membranous plates, 
or dises, that eontain thousands 
of visual pigment molecules. 


Inner Segment 

The inner segment eontains 
the photoreeeptor's major 
organelles and is responsible 
for all eell functions other 
than photoreeeption. 


Eaeh photoreeeptor 
synapses with a bipolar eell. 


Lonneetmg 


stalks 


Mitoehondria 


Golgi 


apparatus 


Nuclei 


Cone 


Rods 


Bipolar eell 


In a rod, eaeh dise is an independent 
entity, and the outer segment forms 
an elongated eylinder. 


In a eone, the dises are infoldings of 
the plasma membrane, and the outer 
segment tapers to a blunt point. 


Visual pigments are derivatives of the 
compound rhodopsin (ró-DOP-sin), or 
visual purple, the visual pigment found in rods. 
Rhodopsin eonsists of a protein, opsín, bound to 
the pigment retinal (RET-i-nal), which is 
synthesized from vitamin A. The type of opsin 
present determines the wavelength of light that 
ean be absorbed by retinal. 
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All rods eontain the same type of opsin. It is most 
sensitive to blue-green wavelengths of light. There 
are three types of eones: blue eones, green eones, and 
red eones. Eaeh type has a different form of opsin that 
is sensitive to a different range of wavelengths. Their 
stimulation in varions eombinations is the basis for 
eolor vision. In a person with normal eolor vision, the 
eone popnlation eonsists of 16 pereent blue eones, 

10 pereent green eones, and 74 pereent red eones. 
Althongh their wavelength sensitivities overlap, eaeh 
type is most sensitive to a speeifie portion of the visual 
spectrum. If all three eone popnlations are stimnlated, 
we pereeive the eolor as white. We also pereeive white 
if rods (but not eones) are stimnlated, which is why 
everything appears black-and-white when we enter 
dimly lit surroundings or walk by starlight. 





400 450 500 550 600 650 700 


Violet Blue Green Yellow Orange Red 


4 


People who eannot distingnish eertain eolors have 
a form of eolor blindness. The standard tests for 


eolor vision involve pieking nnmbers or letters out of a 
complex eolored picture such as the one to the right. 
Color blindness occurs when one or more types of eones 
are nonfnnetional. The eones may be absent, or they may 
be present but unable to manufacture the neeessary 
visual pigments. In the most eommon type of eolor 
blindness (red-green eolor blindness), the red eones are 
missing, so the person eannot distingnish red light from 
green light. Inherited eolor blindness involving one or 
two eone pigments is not unusual. Ten pereent of all 
males show some eolor blindness, but only about 0.67 
pereent of all females are eolor blind. Total eolor blind- 
ness is extremely rare. Only 1 person in 300,000 does not 
manufacture any eone pigments. 



Modyle 15.18 Revíew 


a. Describethestructureofa 
photoreeeptor. 

b. How could a diet defieient in vitamin A 
affeet vision? 

e. identifythethreetypesofeones. 


15.18 Deseribe the structure of the photoreeeptors and how we are able to distinguish eolors. 
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Module 15.19 




Photoreeeptìon ìnvolves aetìvation, bleaehing 
and reassembly of visual pigments 






The plasma membrane in the onter segment of the photoreeeptor 
eontains ehemieally gated sodinm ion ehannels. In darkness, these 
gated ehannels are kept open in the presenee of cGMP (eyelie gnanosine 
monophosphate), a derivative of the high-energy eomponnd gnanosine 
triphosphate (GTP). Beeanse the ehannels are open, the membrane 
potential is approximately -40 mV, rather than the -70 mV typieal of 
resting nenrons. At the -40 mV membrane potential, the photoreeeptor 
is eontinnonsly releasing nenrotransmitters aeross synapses to bipolar 
eells. The inner segment also eontinnonsly pnmps sodinm ions (Na+) 
out of the eytosol. 



Gated Na+ 
ehannel 


2 


The bound retinal moleenle in rhodop- 
sin has two possible eonfignrations: the 


bent or curved 11-eis form and the more linear 
11-trans form. Normally, in the dark, the 
moleenle is in the 11-eis form. On absorbing 
light it ehanges to the 11-trans form. This 
ehange aetivates the opsin moleenle. 


Photon 


Rhodopsin 


11-e/s 

retinal 


Opsin 




ITfrans 


retinal 


ACTIVATI0N 
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Opsin then aetivates 


transducin, a G 

protein bonnd to the dise 
membrane. The transdnein 
in turn aetivates the enzyme 

phosphodiesterase (PDE). 


4 


Phosphodiesterase is an 
enzyme that breaks down 


cGMP. The removal of cGMP 
from the gated sodium ehannels 
resnlts in their inaetivation. 

The rate of Na"^ entry into the 
eytosol then deereases. 


ACTIVE STATE 



6 


Rhodopsin eannot respond to additional photons until its retinal 


eomponent regains its original shape. It does not spontaneonsly 
revert to the 11-eis form. Instead, the entire rhodopsin moleenle must 
be broken down into retinal and opsin in a proeess ealled bleaehing. 
The retinal is then eonverted to its original eis shape. This eonversion 
requires energy in the form of ATP. Opsin and 11-e/s retinal are 
reassembled and the rhodopsin moleenle is ready to repeat the eyele. 



BLEACHING 


REASSEMBLY 


-70 mV 



The deerease in 
the rate of Na+ 
entry rednees the dark 
enrrent. At the same 
time, aetive transport 
eontinnes to export Na+ 
from the eytosol. When 
the sodium ehannels 
elose, the membrane 
potential drops toward 
-70 mV. As the plasma 
membrane hyperpolar- 
izes, the rate of neuro- 
transmitter release 
deereases. This deerease 
signals the adjaeent 
bipolar eell that the 
photoreeeptor has 
absorbed a photon. 


Modyle 15.19 Revíew 


— ¥ 




a. Visual pigments undergo which three ehanges 
during photoreeeption? 

b. What are the two configurations of retinal? 

e. When during photoreeeption is ATP required? 


15.19 Explain photoreeeption and how visual pigments are aetivated. 
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Module 15.20 



The vìsual pathvvays 
dìstrìbute visual 
informatìon from eaeh 
eye to both eerebral 

hemispheres 


The Vìsual Pathways 


The visual pathvvays begin at the photoreeeptors in 
the retina. Eaeh photoreeeptor monitors a speeifie 
reeeptive field, and vvhen stimulated, passes the 
information through a bipolar eell to a ganglion eell. 


Axons from the approximately 1 million ganglion eells 
eonverge on the optie dise, penetrate the vvall of the 
eye, and proeeed tovvard the dieneephalon as the optie 
nerve (II). 


The tvvo optie nerves, one from eaeh eye, reaeh the 
dieneephalon at the optie ehíasm. 


From the optie ehiasm, about half the fibers proeeed 
tovvard the lateral geniculate nucleus of the same side 
of the brain, vvhereas the other half eross over to reaeh 
the lateral geniculate nucleus of the opposite side. 


From eaeh lateral geniculate nucleus, visual informa- 
tion travels to the oeeipital cortex of the eerebral 
hemisphere on that side.The bundle of projeetion 
fibers linking eaeh lateral geniculate nucleus vvith the 
visual cortex is knovvn as the optie radiation. 


The pereeption of a visual image refleets the integra- 
tion of information that arrives at the visual cortex of 
the oeeipital lobes. Eaeh eye reeeives a slightly different 
visual image, because (1) the foveae are 5-7.5 em 
(2-3.0 in.) apart, and (2) the nose and eye soeket bloek 
the vievv of the opposite side. 



Gombined Visual Field 


Left side 


Right side 



^Lefteye Binocul( 

pvision 1 

Right eye 

^ only 

\ 

\ 

\ 

\ 

\ 

1 

í 

f 

$ 

r 

m 

only ^ 

'/ 

/ 

/ 

/ 



\ 



Optie traet 


Retina 
Optie dise 



Gollaterals from the fibers 
synapsing in the lateral 
geniculate nuclei continue 
to subconscious proeessing 
eenters in the dieneephalon 
and brain stem.The pupillary 
reflexes and reflexes that 
eontrol eye movement, for 
example, are triggered by 
eollaterals earrying informa- 
tion to the superior colliculi. 


Superior 

colliculus 



The visual images from the left and right eyes 
overlap, and the visual cortex of eaeh eerebral 
hemisphere reeeives information from both eyes. The 
information is sorted, however, so that the left visual 
cortex gets information on the right half of the visual field, 
and the right visual cortex reeeives information on the left 
half of the visual field. Depth pereeption is the ability to 
judge depth or distanee by interpreting the three- 
dimensional relationships among objeets in view. Your 
brain pereeives depth by eomparing the relative positions 
of objeets within the images reeeived by both eyes. The 
map in the visual cortex is upside down and backward, 
dnplieating the orientation of the visual image at the retina. 





Lateral geniculate 
nucleus 

Projeetion fibers 
(optie radiation) 


Left eerebral 
hemisphere 


Ríght eerebral 
hemisphere 


Module 15.20 Revìew 


a. Defineoptie radiation. 

b. VVhere are visual images pereeived? 

e. Traee the visual pathway, beginning at 
the photoreeeptors in the retina. 
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15.20 Explain how the visual pathways distribute 
information to their destinations in the brain. 































Module 15.21 


+ 


CLINICAL MODULE 


Refraetìon problenns result from abnormalìtìes 
ìn the eornea or lens, or ìn the shape of the eye 


Emmetropìa 



In the normal healthy eye, when the 
eiliary muscle is relaxed and the lens is 
flattened, the image of a distant objeet 
will be focused on the retina's surface. 
This eondition is ealled emmetropìa 
{emmetro-, proper + opia, vision), or 
normal vision. 


Myopìa 




If the eyeball is too deep or the resting curvature of 
the lens is too great, the image of a distant objeet 
is projeeted in front of the retina. Such individuals 
are said to be nearsighted because vision at elose 
range is elear but distant objeets are blurry and out 
of focus.Their eondition is more formally termed 
myopìa {myein, to shut + ops, eye). 


Myopia ean be treated by plaeing 
a diverging lens in front of the 
eye. Diverging lenses have at 
least one eoneave surface and 
spread the light rays apart as if 
the objeet were eloser to the 
viewer. 



Small variations in the perfor- 
manee of the lens or the strnetnre 
of the eye ean be eorreeted with external 
lenses (glasses or eontaet lenses). 



Hyperopìa 




If the eyeball is too shallow or the lens is too 
flat, hyperopìa results.The eiliary muscle must 
eontraet to focus even a distant objeet on the 
retina, and at elose range the lens eannot provide 
enough refraetion to focus an image on the 
retina. Hyperopie people are said to be farsighted, 
because they ean see distant objeets most elearly. 


Variable sneeess at eorreeting myopia and 
hyperopia has been aehieved by snrgery that reshapes 
the eornea. In photorefraetive kerateetomy (PRK) a 
computer-guided laser shapes the eornea to exact speeifieations. Tissue is removed 
only to a depth of 10-20 pm—no more than about 10 pereent of the eorneas 
thiekness. The entire proeednre ean be done in less than a minute. A variation on 
PRK is ealled laser-assisted in-situ keratomileusis (LASIK). In this proeednre the 
interior layers of the eornea are reshaped and eovered by a flap of the normal eorneal 
epithelinm. Ronghly 70 pereent of LASIK patients aehieve normal vision; it is now 
the most eommon form of refraetive snrgery. Eaeh year, an estimated 100,000 people 
nndergo PRK therapy in the United States. Corneal searring is rare, and approxi- 
mately 10 million Amerieans have had eorneal refraetive snrgery. However, many still 
need reading glasses, and both immediate and long-term visual problems ean occur. 


Hyperopia ean be eorreeted by 
plaeing a eonverging lens in front 
of the eye. Gonverging lenses 
have at least one convex surface 
and provide the additional 
refraetion needed to bring 
nearby objeets into focus. 


Modyle 15.21 Revíew 


a. Defineemmetropia. 

b. VVhieh type oflens would eorreet 
hyperopia? 

e. Discuss two surgical procedures for 
eorreeting myopia and hyperopia. 


15.21 Deseribe various refraetion problems assoeiated 
with the eornea, lens, or shape of the eye. 
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Module 15.22 


CLINICAL MODULE 


+ 


Aging ìs assoeìated wìth many dìsorders of the 
speeial senses; trauma, infeetion, and abnormal 
stimuli may cause problems at any age 



Olfaetíon 


Gustatíon 


Disorders of the sense of smell may resnlt from a head 
injnry or from normal, age-related ehanges. If an injnry 
to the head damages the olfaetory nerves (I), then the sense of 
smell may be impaired. Unlike other popnlations of nenrons, 
olfaetory reeeptor eells are regnlarly replaeed by the division 
of stem eells. Despite this proeess, the total nnmber of 
reeeptors deelines with age, and the remaining reeeptors 
beeome less sensitive. As a resnlt, elderly people have 
diffienlty deteeting odors in low eoneentrations. This explains 
why your grandmother may overdo her perfume, and your 
grandfather s aftershave may seem so strong—they must use 
more of the odorous solution to be able to smell it themselves. 



2 


Disorders of the sense of taste ean be caused by 


problems with olfaetory reeeptors, damage to taste 
buds, damage to eranial nerves, and age-related ehanges. 
The sense of smell also makes a large eontribntion to our 
sense of taste, so eonditions that affeet the olfaetory 
reeeptors—such as the eommon eold—ean also dull your 
sense of taste. A redneed sense of taste may also result 
from damage to taste buds by inflammation or infeetions 
of the mouth. Alternatively, the eranial nerves earrying 
taste sensations—faeial (VII), glossopharyngeal (IX), and 
vagus (X)—may be damaged through trauma or 
eompression by a tumor. 




Normal eye 




Eye with eataraet 


Vision 


3 


We discussed several eommon eye problems 
earlier in the ehapter. A eondition in which the lens 
loses its transpareney—ealled a eataraet —ean result 
from injuries, radiation, or reaetion to drugs. Senile 
eataraets, however, are a natural consequence of aging 
and are the most eommon form. As the eondition 
advanees, the person needs brighter and brighter light 
for reading, and visual acuity may eventually deerease 
to the point of blindness. Gataraets may be eorreeted by 
snrgery. Gataraet snrgery involves removing the lens, 
either intaet or after it has been shattered with high- 
frequency sound waves. The missing lens is then 
replaeed by an artifieial substitute. Vision is then 
refined with glasses or eontaet lenses. 
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Equílìbríum 


4 


Vertigo is a feeling that you are dizzily spinning or that things 
are dizzily turning about you. Vertigo is usually caused by 


eonditions that alter the fnnetion of the internal ear reeeptor 
complex, the vestibnlar braneh of the vestibnloeoehlear nerve, or 
sensory nuclei and pathways in the eentral nervons system. Any event 
that sets endolymph into motion ean stimnlate the equilibrium 
reeeptors and prodnee vertigo; flnshing the external anditory eanal 
with eold water may ehill the endolymph in the ontermost portions 
of the labyrinth and establish a temperatnre-related eirenlation of 
fluid that produces mild and temporary vertigo. Althongh vertigo is 
usually caused by a problem with the internal ear, it ean also be due 
to vision problems or drug intake. Excessive eonsnmption of aleohol 
or exposure to eertain drugs ean also prodnee vertigo by ehanging 
endolymph eomposition or distnrbing hair eells. Perhaps the most 
eommon cause of vertigo is motion síekness. Its unpleasant signs 
and symptoms inelnde headaehe, sweating, flnshing of the faee, 
nausea, and vomiting. The drugs eommonly administered to prevent 
motion siekness appear to depress aetivity in the brain stem. 



Hearing 


5 


An estimated 6 million Amerieans have at least a partial 
hearing defieit, or deafness. Gondnetive deafness resnlts 


from interferenee with the normal transfer of vibrations from the 
tympanie membrane to the oval window. Causes include excess 
ear wax or trapped water in the external aeonstie meatus, searring 
or perforation of the tympanie membrane, or immobilization of 
one or more anditory ossieles by fluid or a tumor. In nerve 
deafness, the problem lies within the eoehlea or somewhere 
along the anditory pathway. Vibrations reaeh the oval window, 
but the reeeptors either eannot respond or their response eannot 
reaeh the eentral nervons system. Very loud noises ean cause 
nerve deafness by damaging the sensory eilia on the reeeptor 
eells. Baeterial or viral infeetions may also kill reeeptor eells and 
damage sensory nerves. Young ehildren have the greatest hearing 
range: They ean deteet sounds ranging from a 20-Hz buzz to a 
20,000-Hz whine. With age, damage due to loud noises or other 
injnries accumulates: The tympanie membrane gets less flexible, 
the artienlations between the anditory ossieles stiffen, and the 
round window may begin to ossify. As a result, older people 
typieally show some degree of hearing loss. 



Modyle 15.22 Revìew 


a. VVhieh eranial nerves provide taste 
sensations from the tongue? 

b. VVhatcausesvertigo? 

e. Identify two eommon elasses of 
hearing-related disorders. 


15.22 Deseribe age-related disorders of olfaetion, gustation, vision, equilibrium, and hearing. 
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SECTION 3 Revíew 
L 


Labelíng 


Label the structures in this diagram 
of a sagittal seetion of the left eye. 


1 


2 


3 



4 


5 


6 


7 




8 


9 



10 


11 


12 




16 


Matehíng 


Mateh eaeh lettered term with the most elosely related deseription. 


a. ganglion eells 

b. eones 

e. vascular layer 

d. rods 

e. optie dise 

f. posterior ehamber 

g. erystallins 

h. selera 

i. retina 

j. oeeipital lobe 

k. palpebrae 

l. rhodopsin 

m. fovea 

n. posterior eavity 

o. pupil 


17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Visual pigment 
Eyelids 

Transparent proteins in the eells of a lens 

VVhite of the eye 

Opening surrounded by the iris 

Inner layer 

Site ofvitreous body 

Photoreeeptors that enable vision in dim light 
Extends between the iris and the eiliary body and lens 
Sharpest vision 
Visual cortex 

Photoreeeptors that provide the pereeption of eolor 

Their axons form the optie nerves 

Iris, eiliary body, and ehoroid 

Region of retina ealled the"blind spot" 


17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Seetíon ìntegratìon 

A bright flash of light from nearby exploding fireworks blinds Raehel's eyes. The result is a "ghost"image 

that temporarily remains on her retinas. VVhat might account for the images and their subsequent disappearanee? 
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GHAPTER 15 REVIEVV • The Spedal Senses 


Study Outlìne 


^ SEGTION 1 * Olfaetion and Gustation 



Olfaetìon ìs the sense of smell and gnstatìon ìs the sense of 
taste p. 537 


1. Reeeptors for olfaetion, or the sense ofsmell, are the 
dendrites of speeialized neurons. Dissolved ehemieals 
eontaet these dendrites, causing a generator potentìal. 

2. Reeeptors for taste, vision, equilibrium, and hearing are 
speeialized eells with inexcitable membranes. When 
stimulated, graded depolarization triggers ehemieal 
transmitter release at the synapse with a sensory neuron. 

3. Depolarization of the sensory neuron ereates a generator 
potential and aetion potentials that are propagated to the 
CNS. 



Olfaetìon ìnvolves speeìalìzed ehemoreeeptìve neorons 
and delìvers sensatìons dìreetly to the eerebrom p. 538 


4. The sense of smell, or olfaetìon, is provided by paired 

olfaetory organs. 

5. The olfaetory pathway to the cerebrum is as follows: 
sensory neurons within the olfaetory organ are stimulated 
by ehemieals in the air; axons leave the olfaetory 
epithelium and penetrate the eribriform plate of the 
ethmoid bone; synapses occur within the olfaetory bulb; 
axons travel along the olfaetory traet to the olfaetory 
cortex, hypothalamus, and limbie system; distribution of 
olfaetory information triggers not only the sensation of 
smell, but emotions, behaviors, and memories. 

6. The olfaetory organs are made up of the olfaetory 
epìthelíum and the lamìna propría. 

7. The olfaetory epithelium eontains olfaetory reeeptor 
eells, supportíng eells, and basal eells.The exposed tip 
of eaeh reeeptor eell forms a knob that serves as a base for 
dendrites that are exposed to dissolved compounds. 

8. The lamina propria eonsists of areolar tissue, blood vessels, 
nerves, and olfaetory glands. 

9. Dissolved ehemieals ealled odorants stimulate olfaetory 
reeeptors at their dendrites by binding to speeifie 
reeeptors. 



Gustatìon ìnvolves epìthelìal ehemoreeeptor eells loeated 
In taste buds p. 540 


10. Gustatíon, orthe sense of taste, provides information 
about the foods and liquids we eat and drink. 

11 . Taste reeeptors are distributed along the superficial 
tongue and adjaeent portions of the pharynx and larynx. 

12. The superior surface of the tongue has four types 
of lìngual papìllae that eontain taste reeeptors and 
speeialized epithelial eells in sensory structures ealled 

taste buds. 


13. There are four primary taste sensations: sweet, salty, 
sour, and bitter.There are also reeeptors for umamì, a 
savory taste eharaeteristie of beef and ehieken broth and 
Parmesan eheese. Water reeeptors are eoneentrated in 
the pharynx. 



Vallate papillae are projeetions on the 
tongae that eontain taste buds. 


14. Taste buds are reeessed deep into the surrounding 
epithelium, and eontain 40-100 reeeptor eells ealled 

gustatory eells. 

15. Eaeh gustatory eell extends mierovilli (taste hairs) through 

taste pores. 

1 6. Basal eells are stem eells within a taste bud that divide 
to produce daughter eells that mature into gustatory 
reeeptor eells. 

17. Taste reeeption stimulation threshold varies by primary 
taste sensation. Reeeptors also respond more readily to 
unpleasant stimuli. A deeline in the number of taste buds 
occurs as we age. 


15.4 J 


Gustatory reeeptìon relìes on membrane reeeptors 
and ehannels, and sensatìons are earrìed by faeìal, 
glossopharyngeal, and vagus nerves p. 542 


18. Gustatory reeeption is stimulated by dissolved ehemieals 
that eontaet the taste hairs and either diffuse through 
membrane ehannels or bind to reeeptor proteins of the 
gustatory eell. 

19. Taste hairs stimulated by the entry of Na^ or H+ through 
leak ehannels are responsible for salt and sour sensations. 
Membrane reeeptors provide the sensations of sweet, 
bitter, and umami. 


20. The gustatory pathway to the eerebral cortex begins 
with reeeptor stimulation.The eranial nerve involved is 
dependent on which region of the tongue the reeeptors 
are stimulated.The faeial nerve (VII) innervates taste 
buds on the anterior two-thirds of the tongue.The 
glossopharyngeal nerve (IX) innervates taste buds on the 
posterior one-third of the tongue, and the vagus nerve (X) 
innervates the taste buds on the epiglottis. 

21. Sensory afferents from the involved eranial nerve synapse 
in the solìtary nucleus of the medulla oblongata. 

Axons then enter the medìal lemnìscus of the medulla 
oblongata and synapse in the thalamus. Information is 
then projeeted into the gustatory cortex of the insula. 
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GHAPTER 15 REVIEVV • The Speeìal Senses (continued) 


^ SEGTION 2 * Equilibríuníi and Hearing 



Equìlìbrìum and hearìng ìnvolve the ìnternal ear 


p. 545 


22. In olfaetion and gustation the reeeptor eells are exposed 
to the external environment and communicate with the 
CNS. By eontrast, in equilibrium and hearing the reeeptors 
are isoiated and proteeted from the external environment 
within the ìnternal ear. 


23. The reeeptors for hearing and equilibrium are ealled 
hair eells because their free surfaces are eovered with 
proeesses similar to eilia and mierovilli. Gertain hair eells 
eontain a kìnocìlìum, a single large cilium, and many 

stereoeìlia. 


24. These proeesses are sensitive to eontaet or movement. 
Forees pushing against the hair eell proeesses alter the rate 
of neurotransmitter release, thereby providing information 
about the direetion and strength of the stimuli. 

25. The complex three-dimensional structure of the internal 
ear ean determine aeeeleration, rotation, or sound 
depending on which region is stimulated. 



The ear Is dlvlded Into the external ear, the mlddle ear, and 
the Internal ear p. 546 


26. The ear is divided into three anatomieal regions: the 

external ear, the mìddle ear, and the ìnternal ear. 

27. The external ear eonsists of the aurícle, the external 
acoustíc meatus, and the cerumìnous glands. Cerumen 

is a waxy material seereted by the ceruminous glands 
that, along with hairs projeeting from the skin, helps keep 
foreign objeets from reaehing deeper delieate structures. 

28. The middle ear, or tympanie eavity, is an air-fìlled eavity 
that eontains the three audítory ossìeles: malleus, incus, 
and stapes. 


29. The internal ear eontains the sensory organs for hearing 
and equilibrium. It eontains a layer of dense bone ealled 

the bony labyrínth. 

30. The audìtory tube eonneets the internal ear with the 
nasopharynx and allows pressure equalization on either 
side of the tympanie membrane. 

31. An infeetion of the internal ear is known as otitis media. 





The bony labyrlnth proteets the membranous 
labyrlnth p. 548 


32. The internal ear ean 
be subdivided into a 
bony labyrinth and 
membranous labyrinth. 

It eontains reeeptors 
for the speeial senses of 
equilibrium and hearing. 


33. The membranous 

labyrinth is a eolleetion of 
tubes and ehambers that 
eontain endolymph. 


34. 


The semicircular ducts 

of the membranous 
labyrinth lie within the oftheinternalear 

semicircular eanals of the 

bony labyrinth and are stimulated by the rotation of the 
head. 


35. The eoehlear duct is an extension of the membranous 
labyrinth within the eoehlea and is surrounded by a pair of 
perilymph-filled ehambers. It is responsible for hearing. 

36. The bony labyrinth surrounds and proteets the 
membranous labyrinth. Between the bony and 
membranous labyrinths flows perilymph. 

37. The bony labyrinth eonsists of the semicircular eanals, the 
vestibule, and the eoehlea. 

38. The membranous labyrinth, filled with endolymph 
and surrounded by perilymph, eontains the vestibular 
complex, which is responsible for equilibrium.The three 
semicircular ducts deteet rotational movements of the 
head, and the utricle and saccule monitor head position 
relative to gravity and linear aeeeleration. 



Haìr eells ìn the semìcìrcular ducts respond to rotatìon; 
haìr eells ìn the utrícle and saccule respond to gravìty and 
lìnear aeeeleratíon p. 550 


39. The anterior, posterior, and lateral semicircular ducts 

are continuous with the utricle. Eaeh duct eontains an 
ampulla, an extended region that eontains reeeptors. 

40. The erista ampullaris is a region in the ampulla wall that 
eontains reeeptors. Here the kinoeilia and stereoeilia are 
embedded in the cupula, a flexible, elastie, gelatinous 
structure that extencls the full width of the ampulla. 

41. Head rotation in the plane of a semicircular duct causes 
the endolymph in that duct to push the cupula to the side 
and distort the reeeptor proeesses. 

42. Equilibrium sensations are provided by maculae in the 
utricle and saccule. Hair eell proeesses of the utricle 
and saccule are embedded in a gelatinous otolìthìe 
membrane eontaining otolíths. 

43. Gravity holds the otoliths in plaee when the head is in the 
normal upright position. Ghanges in head position cause 
the otoliths to move and distort the hair eells. A similar 
meehanism ean also deteet linear aeeeleration. 



The eoehlear duct eontaìns the haìr eells of the organ of 
Gortì p. 552 


44. The eoehlear duct lies between two perilymph-filled 
ehambers: the seala vestìbulì and seala tympani.The 
sealae vestibuli and tympani are one long continuous duct 
intereonneeted at the tip of the eoehlear spiral. 
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45. The outer surfaces of these three ducts are eneased by the 
bony labyrinth except at the oval wíndow (the base of the 
seala vestibuli) and the round wìndow (base of the seala 
tympani). 

46. The vestìbular membrane separates the eoehlear duct 
from the seala vestibuli, and the basílar membrane 
separates the eoehlear duct from the seala tympani. 

47. The hair eells of the eoehlear duct are vvithin the organ of 
Corti, a structure atop the basilar membrane. 

48. Movement of the basilar membrane in response to 
perilymph pressure ehanges causes the stereoeilia of the 
hair eells to press against the teetoríal membrane. 

49. The spiral ganglion eontains the eell bodies of sensory 
neurons that monitor the organ of Corti hair eells. 


15.10] 


Movement of the basìlar membrane ìs the stìmulus for the 
sensatìons of pìteh and volume p. 554 


50. Air pressure at various frequencies and amplitudes 
vibrate the tympanie membrane. 

51. The loeation of the vibration along the basilar membrane 
is interpreted as piteh; the number of hair eells stimulated 
is interpreted as volume. 

52. The events involved in hearing are as follovvs: sound 
vvaves arrive at the tympanie membrane; auditory ossieles 
vibrate; the stapes at the oval vvindovv causes pressure 
vvaves in perilymph of seala vestibuli; pressure vvaves 

on their vvay to the round vvindovv distort the basilar 
membrane; hair eells vibrate against teetorial membrane; 
region and intensity of stimulation are relayed to CNS over 
the eoehlear braneh of eranial nerve VIII. 


15.11 j 


The vestìbulocochlear nerve earrìes equìlìbrìum and 
hearìng sensatìons to the braìn stem p. 556 


53. The reeeptors for equilibrium are the hair eells of the 
vestibule and the semicircular ducts. Sensory information 
is passed along the vestìbular braneh of eranial nerve VIII 
to the vestibular nuclei, and then throughout the CNS. 

54. Hair eells of the basilar membrane are the reeeptors for 
hearing. Information is sent along the eoehlear braneh 
of eranial nerve VIII to the eoehlear nuclei, superior olivary 
nuclei, inferior colliculi, thalamus, and auditory cortex. 


59. The tvvo eyelids (palpebrae) are eonneeted laterally by the 
lateral canthus, and medially by the medial canthus. The 
palpebral fissure is the gap betvveen the tvvo eyelids. 

60. The palpebral conjunctìva eovers the inner surface of the 
eyelids and the ocular conJunctìva eovers the anterior 
surface of the eye. ConJunctìvìtìs is an inflammation of the 

conJunctìva. 

61. The laerìmal apparatus of eaeh eye produces, distributes, 
and removes tears. It eonsists of a laerímal gland vvith 
assoeiated ducts, paired laerìmal canalìculì, a laerímal 
sae, and a nasolaerìmal duct. 


15.14] 


The eye has a layered wall; ìt ìs hollow, wìth fluìd-fìlled 
anterìor and posterìor eavìtìes p. 562 


62. The layers (tunics) of the vvall of the eye are the fibrous 
layer, vascular layer, and ìnner layer. 

63. The fibrous layer, the outermost layer of the eye, eonsists 
of the eornea and selera.The fìbrous layer supports and 
proteets the eye, serves as an attaehment site for extrinsic 
eye muscles, and through the eornea light passes to begin 
the focusing proeess. 



SEGTION 3 • Vìsìon 

V__ 


15.12] 


The eyes form early ìn embryonìe development 


p. 559 


55. The first indieation of eye development is a pair of bulges 
ealled optie vesíeles that appear in the 4th vveek of 
embryonie development. 

56. Optìe cups form from the optie vesieles. Ependymal 
eells on the outer layer of the optie cups develop into 
photoreeeptors. Ependymal eells on the inner layer 
develop into pigment eells. 

57. The lens develops from eells superfìcial to the optie cups. 
The eye develops interior ehambers filled vvith fluid. 


15.13] 


Aeeessory structures of the eye provìde proteetìon whìle 
allowìng lìght to reaeh the ìnterìor of the eye p. 560 


58. The aeeessory structures of the eye include the eyelids, 
eyelashes, the superficial epithelium of the eye, and the 
structures assoeiated vvith tears. 


64. The vascular layer, the middle layer of the eye, provides 
a route for blood and lymphatie vessels (at the ehoroìd), 
regulates the light entering the eye through the pupil by 
eontraeting the smooth muscles of the iris, seeretes and 
reabsorbs aqueous humor, and eontrols the shape of the 
lens in the focusing proeess by eontraeting and relaxing 
the eiliary muscle of the eiliary body. 

65. The inner layer, or retina, is the innermost layer of the eye. 
It eontains a thin outer layer (pigmented part) that absorbs 
light, and a thiek inner layer (neural part) that eontains 
light-sensitive photoreeeptors. 

66. The eye is divided by the eiliary body and lens into an 

anterior eavity and a larger posterior eavity.The anterior 
eavity eontains an anterior ehamber and a posterior 
ehamber. 

67. Aqueous humor circulates vvithin the anterior eavity. It is 
seereted by the eiliary body and reabsorbed at the seleral 
venous sinus.The gelatinous vitreous body occupies 
most of the posterior eavity. The vitreous humor is the 
fluid part of the vitreous body. 
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GHAPTER 15 REVIEVV • The Speeìal Senses (continued) 


15.15 J 


The eye ìs hìghly organìzed and has a eonsìstent vìsual 
axìs that dìreets lìght to the fovea of the retlna p. 564 


68. The eornea is avascular and permits light to enter the eye. 

69. The lens focuses the visual image on the photoreeeptors. 
The eiliary body supports the lens and eontrols its shape. 

70. Blood vessels in the ehoroid provide nutrients to the eye. 

71. The thiekest layer of the eye is the selera. It stabilizes the 
shape of the eye and is the site of insertion for the six 
extrinsic eye muscles. 

72. The two layers of pupillary muscles eontrol the amount 
of light entering the eye by ehanging the diameter of the 
pupil.These muscles are the pupíllary dìlator muscles 
and pupíllary eonstrìetor muscles. 


82. Axons of the ganglion eells eonverge to form the optie 
nerve. This region—the optie dise —eannot deteet an 
image because it has no photoreeeptors, and is therefore 
ealled the blìnd spot. 

83. The photoreeeptors of the retina are rods, eones, and 
bipolar eells. 

84. Rods are not eolor sensitive, but due to their high 
sensitivity allow for vision in dim light. Cones allow for 
eolor vision as well as sharp, elear vision. Rods and eones 
synapse with bipolar eells. 

85. Horizontal and amaerine eells faeilitate or inhibit 
communication between photoreeeptor and ganglion 
eells. 

86. Visual acuity is best at the fovea where eone density is 
greatest. 



73. The visual axis of the eye is an imaginary line from the 
objeet of direet sight through the eenter of the eornea, the 
eenter of the lens, and to the retina. 

74. The highest eoneentration of photoreeeptors is at the 
fovea of the macula. This is the area of sharpest vision. 


15.16] 


Focusìng produces a sharply defìned ìmage on the 
retìna p. 566 


75. Light rays must be focused on the retina, or the image will 
be blurry. Focusing occurs fìrst as light passes through the 
eornea and then the lens. 


76. Light is bent or refraeted by the eornea, aqueous humor, 
and then the lens toward a foeal point. 

77. Aeeommodation is the proeess of the lens ehanging 
shape to focus an image on the retina. 

78. Light is refraeted in a way that results in an inverted image 
thatthe brain reverses. 


79. Refraetion is greatest for eloser objeets.The ability to focus 
on near objeets, the near point of vision, deereases as we 
age. 


15.17] 


The neural part of the retìna eontaìns multìple layers of 
speeìalìzed photoreeeptors, neurons, and supportìng 
eells p. 568 


80. The pigmented part of the retina absorbs light that 
passes through the neural part, preventing the light from 
bouncing baekand causing"echoes." 

81. The neural part of the retina eontains photoreeeptors, 
supporting eells, and neurons that proeess and integrate 
visual information. Ganglion eells form the innermost 
layer of the neural part of the retina. 


15.18 


15.19 


Photoreeeptìon occurs ìn the outer segment of rod and 

eone eells p. 570 

87. The outer segments of rods and eones have membranous 
dises eontaining visual pigments.These pigments are 
derivatives of the compound rhodopsin. 

88. Rhodopsin eonsists of the protein opsin bound to the 
pigment retinal. Retinal is synthesized from vitamin A. 

89. There are three types of eones: blue eones, green eones, 
and red eones. Eaeh is sensitive to a different range of light 
wavelength.Their stimulation in various eombinations is 
the basis for eolor vision. A person with eolor blindness 
laeks one or more eone pigments. 


Photoreeeptìon ìnvolves 
aetìvatìon, bleaehìng, and 
reassembly of vìsual pìgments 

p.572 

90. Without photons, a photoreeeptor 
produces a dark current and 
eonstantly releases neurotransmitters. 

91. On absorbing light, retinal ehanges 
shape and aetivates the opsin 
molecule.This aetivation leads to 
ehanges in the permeability of the 
outer segmentto Na+that alters the 
rate of neurotransmitter release by 
the inner segment at its synapse with 
a bipolar eell. Ghange in bipolar eell 
aetivity is deteeted by one or more 
ganglion eells.This determines the 
region of retina stimulation. 

92. After absorbing a photon, rhodopsin 
breaks down into retinal and opsin in 
a proeess ealled bleaehíng. Retinal 

is eonverted to its original shape in 
a proeess that requires ATP. Onee 
retinal is eonverted, it ean reeombine 
with opsin, and repeat the eyele. 



15.20] 


The vìsual pathways dìstrìbute vìsual ìnformatìon from 
eaeh eye to both eerebral hemìspheres p. 574 


93. The visual pathway begins at the photoreeeptor in the 
retina. Eaeh photoreeeptor monitors a speeifie reeeptive 
field. Information is passed to bipolar and ganglion eells. 

94. Ganglion eell axons eonverge at the optie dise and proeeed 
to the dieneephalon as the optie nerve (ll).The two optie 
nerves meet at the dieneephalon at the optie ehìasm. At 
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that point, about half 
the fibers continue to 
the lateral geniculate 
nucleus of the same 
side of the brain and the 
other half eross to the 
opposite side. 

95. The optie radíatìon links 
eaeh lateral geniculate 
nucleus with the visual 
cortex of the oeeipital 
lobe. 

96. The visual images from 
the left and right eyes 
overlap, and the visual 
cortex of eaeh eerebral 
hemisphere reeeives 
information from both 
eyes.The sorting of this 
information allows for 
depth pereeptìon. 



15.21 j 


Refraetìon problems result from abnormalìtìes ìn the 
eornea or lens, or ìn the shape of the eye p. 575 


97. In a normal relaxed eye, the image will be focused on the 
retina. Normal vision is ealled emmetropìa. 


98. In myopía, or nearsightedness, the image is projeeted in 
front of the retina.This is eorreeted with a diverging lens. 

99. In hyperopìa, or farsightedness, the image eannot focus 
on the retina.This eondition is eorreeted with a eonverging 
lens. 


15.22 J 


Agìng ìs assoeìated wìth many dìsorders of the speeìal 
senses; trauma, ìnfeetìon, and abnormal stìmulì may cause 
problems at any age p. 576 


100. Aging and a variety of eonditions ean deerease the 

number of reeeptor eells, resulting in diminished senses. 
Both the number of olfaetory reeeptors and taste buds 
deeline with age. Lens 
transpareney lessens 
with age, leading to 
senìle eataraets. The 
tympanie membrane 
loses some flexibility 
with age, leading to 
hearing loss. Vertìgo 
and nerve deafness 
are examples of 
disorders that may 
result from damage to 
the eranial nerves and 
brain. 



ehapter Revíew Questíons 

Labelíng 

Label the structures in this seetional view through the baek of the eye. 
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GHAPTER 15 REVIEVV • The Speeìal Senses (continued) 


True/False 


indieate vvhether eaeh statement is true or false. 



Humans are most sensitive to the svveet taste. 



The eoehlear duct and seala tympani both eontain 
perilymph, and the seala vestibuli eontains endolymph. 



Vibration of the basilar membrane causes vibration of hair 
eells against the teetorial membrane. 



The aeeessory structures of the eye include the fìbrous 
layer, vascular layer, and inner layer. 



Rods are the photoreeeptors that enable vision in dim 
light. 



The retinal area of greatest visual acuity is the fovea. 








IVIultìple ehoìee 


Seleet the eorreet ansvver from the list provided. 



A blind spot occurs in the retina vvhere 

Q a) the fovea is loeated. 

Q b) ganglion eells synapse vvith bipolar eells. 

Q e) axons of ganglion eells eonverge at the optie nerve. 
□ d) rod eells are clustered to form the macula. 



The ehoroid is found in the 

Q a) fibrous layer. 

Q b) vascular layer. 

Q e) inner layer. 

^ d) vitreous body. 



Reeeptors in the saccule and utricle provide the sensation of 

Q a) gravity and linear aeeeleration. 

Q b) hearing. 

Q e) rotational movements of the head. 

Q d) vibration. 



The equalization of pressure on either side of the tympanie 
membrane is aehieved by the 

Q a) round vvindovv. 

Q b) oval vvindovv. 

Q e) auditory tube. 

Q d) seala tympani. 



What accounts for the feeling you experience vvhen you aeeelerate 
dovvn rollereoaster traeks? 


Q a) Pressure vvaves in the perilymph distort the basilar 

membrane. 

Q b) The otoliths move horizontally and distort the hair eell 

proeesses, stimulating the macular reeeptors. 

Q e) The hair eells in the organ of Corti press against the teetorial 

membrane. 


Q d) Movement of the tympanie membrane causes 

displaeement of the auditory ossieles. 


Short answer 



Identify the four primary taste sensations. Name the tvvo additional 
taste sensations that have been identified. 



What is otitis media and vvhat causes it? 



What is a eataraet? What causes a eataraet and hovv is it treated? 


MasteringA&P® 

Aeeess more ehapter study tools online in the MasteringA&P Study Area: 

■ ehapter Quízzes, Ghapter PraetieeTest, Art-labeling Aetivities, 
Animations, MP3 Tutor Sessions, and Glinieal Case Studies 


■ Praetiee Anatomy Lab 

PAi: 

■ interaetive Physiology 

ip. 

■ A&P Flix 
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■ PhysioEx 
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ehapter Integratìon • Applyíng what you have learned 


Curíous eomplíeatíons from the eommon eold 


Earl Drummond, 

75 years old, visits 
his physieian for a 

i 


> 


routine examination. 

During the history 
and physieal, Mr. 

Drnmmond states 
that he has been 
experiencing diffienlty 
seeing at a distanee 

while driving and that at times he feels dizzy, espeeially when he 
eloses his eyes. Additionally, Mr. Drnmmond tells his physieian 
that he has a slight “eold.” The physieian asks Mr. Drnmmond 
to stand with his feet together and arms extended forward. The 
doetor diseovers that as long as Mr. Drnmmond keeps his eyes 
open, he exhibits very little swaying movement. However, when 
he eloses his eyes, his body begins to sway a great deal, and his 



arms tend to drift together toward the left side of his body. After 
a eomplete workup, which includes a neurological evaluation 
and a basie vision-sereening test, the preliminary diagnosis is a 
slight fever, myopia, and vertigo. 

It is estimated that 20-25 pereent of all adults in the United 
States have myopia, while 40 pereent of people in the United 
States experience vertigo at least onee during their lifetime. The 
prevalenee for both eonditions inereases with age. 




Explaín the dìagnosìs of myopía. 

What treatment is avaílable for people with myopia? 

Based on the information given, provide an explanation for Mr. 
Drummond's vertigo. 

Why is Mr. Drummond's vertigo worse when his eyes are 
elosed? 



Why míght Mr. Drummond's arms move toward his left side 
when he has his eyes elosed? 


Flíght deek hearing loss 

Daniel is a veteran of the U.S. Navy who 
spent several years working on the flight 
deek of an aireraft earrier regnlarly working 
12-hour shifts. He eonsistently wore earplngs 
as well as a helmet designed to provide ear 
proteetion. There were, however, oeeasions 
when he was exposed to the sound of jet 
engines that approaehed 140 dB with no ear 
proteetion at all. Such events were inevitable 
despite his best efforts to minimize his 
exposure. At the time of his diseharge from 
the navy it was noted that he had snffered 
appreeiable hearing loss. His physieian 
informed Daniel that he is now partially 
deaf. Using what you have just learned about 
hearing, answer the following questions. 



What kind of deafness do you think Daniel 
has experienced from hís prolonged 
exposure to the sound of jet engines? 



What has occurred at the cellular level that 
has resulted in his deafness? 



Do you think it is possible for Daníel to 
regain his hearing? Why or why not? 
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These Learning 
Onteomes 
eorrespond 
bynnmberto 
this ehapter's 
modnles and 
indieate what 
you should be 
able to do after 
eompleting 
the ehapter. 

V J 


(S) 

Learning Onteomes 
arerepeated atthe 
bottomofeaeh 
module. 


SEGTION 1 • Hormonesand lntercellular Communìcatìon 



16.2 


16.3 


16.4 


16.5 


16.6 


16.7 


16.8 


16.9 


16.10 


16.15 


Deseribe the similarities betvveen the endoerine and nervous systems and their speeifie 
modes of intercellular communication. 

Explain the elassifieation of hormones, and identify key functions of hormones seereted 
by organs and tissues of the endoerine system. 

Explain the general meehanisms of hormonal aetion. 

Deseribe hovvthe hypothalamus eontrols endoerine organs. 

Deseribe the loeation and structure of the pituitary gland, and identify pituitary 
hormones and their functions. 

Deseribe the role of negative feedbaek in the functional relationship betvveen the 
hypothalamus and the pituitary gland. 

Deseribe the loeation and structure of the thyroid gland, identify the hormones it 
produces, and speeify the functions of those hormones. 

Deseribe the loeation of the parathyroid glands, and identify the functions of the 
hormone they produce. 

Deseribe the loeation, structure, and functions of the adrenal glands, identify the 
hormones produced, and speeify the functions of eaeh hormone. 

Deseribe the loeation and structure of the panereas, identify the 
hormones it produces, and speeify the functions of those 
hormones. 

Deseribe the loeation of the pineal gland, and identify the 
functions of the hormone that it produces. 

□ CLINICALMODULE Explain diabetes mellitus: 
its types, elinieal manifestations, and treatments. 


SECTION2 • Hormonesand System Integratìon 


Explain hovv hormones interaet to produce 
eoordinated physiologieal responses. 

Deseribe the functions of the hormones produced 
by the kidneys and the heart, and explain the 
roles of other endoerine organs and 
hormones in normal grovvth and 
development. 

Define the general adaptation 
syndrome, and eompare 
homeostatie responses vvith stress 
responses. 

□ CUNICALMODULE Deseribe 
key endoerine disorders, eiting 
their eharaeteristie signs and 
symptoms. 


16.12 


w 


16.1 


16.11 
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16.13 


w 


16.14 
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16.16 
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IVlodule 16.1 


SECTION 1 • Hormonesand lntercellular Commuiiícatìon 



The nervous and endoerìne systems release 
ehemíeal messengers that bínd to target eells 

To preserve homeostasis, cellular aetivities must be eoordinated throughout 
the body. The table below introduces the various ways eells communicate and 
eoordinate their aetivities using ehemieal messengers. 


Meehanisms of lntercellular Communication 


Meehanìsm 

Transmìssion 

ehemìeal Medìators 

Dístrìbutíon of Effeets 

Díreet communícatíon 

Through gap junctions 

lons, small solutes, 
lipid-soluble materials 

Usually limited to adjaeent eells of 
the same type that are intereon- 
neeted by connexons 

Paraerine communication 

Through extracellular fluid 

Paraerìne faetors 

Primarily limited to the loeal area, 
vvhere paraerine faetor eoneentra- 
tions are relatively high; target eells 
must have appropriate reeeptors 


Endoerine communication Through the bloodstream Hormones 



Target eells are mainly in other 
distant tissues and organs and 
must have appropriate reeeptors 


Synaptie communication Aeross synapses 



Neurotransmitters Limited to very speeifie area; target 

eells must have appropriate 
reeeptors 


Viewed from a general perspeetive, the differenees between the nervons and 
endoerine systems seem relatively elear. In faet, these broad organizational and 
fnnetional differenees are the basis for treating them as two separate systems. Yet 
when we eonsider them in detail, we see similarities in the ways they are organized: 

♦ Both systems rely on the release of ehemieals that bind to speeifie reeeptors on 
their target eells. 

♦ The two systems share many ehemieal messengers; for example, norepinephrine 
and epinephrine are ealled hormones when released into the bloodstream, but 
they are ealled neurotransmitters when released aeross synapses. 

♦ Both systems are regnlated primarily by negative feedbaek eontrol meehanisms. 

♦ The two systems share a eommon goal: to preserve homeostasis by eoordinating 
and regnlating the aetivities of other eells, tissnes, organs, and systems. 

In this seetion we will eonsider the structure and fnnetion of the endoerine system, 
hormones, and the integration of neural and endoerine aetivities. 


l\/lodule16.1 Revìew 


a. Hovvdoes paraerine 
eommonieation differfrom 
endoerine communication? 

b. VVhataretheehemieal meansof 
cellular communication in the 
nervous and endoerine systems? 

e. VVhatistheeommongoal ofthe 
nervous and endoerine systems? 


16.1 Deseribe the similarities betvveen the endoerine and nervous 
systems and their speeifie modes of intercellular communication. 
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Hormones may be amìno aeid 
derivatíves, peptides, or lipid derivatives 


The hormones and paraerine faetors of the body ean be divided into 
three gronps on the basis of their ehemieal structure: (1) amíno 
aeid derivatives, (2) peptide hormones, and (3) lipid derivatives. 



Amíno Aeìd Derìvatìves 


This group of hormones includes (1) thyroid hormones, produced by the thyroid 
gland; (2) the compounds epinephrine (E), norepinephrine (NE), and dopamine, 
vvhieh are sometimes ealled eateeholamínes (kat-e-KO-la-mènz); and (3) melato- 
nin (mel-a-TÒ-nin), a derivative of tryptophan that is seereted by the pineal gland. 


/ 

p 

-11 


V V V 


Thyroíd Hormones 


eateeholamínes 


Tryptophan Derívatíves 

1 1 H H o 

'HO h(J)- 0 -e-e 

Example: Thyroxine (T 4 ) 


OH H H 

HO-^e-e-N^ 

HO^ H H OH 3 

Example: Epinephrine 


H H 

1 1 

H-C-N-C-CH3 

H-i-H íi 

H Example: Melatonin 


Peptide Hormones 


In general, peptide hormones are synthe- 
sized as prohormones —inaetive precursor 
molecules that are eonverted to aetive 
hormones. Peptide hormones range from 
short polypeptide ehains of amino aeids, 
such as antidiuretic hormone (ADH) and 
oxytocin (9 amino aeids apieee), to small 


proteins, such as insulin (51 amino aeids), 
grovvth hormone (GH; 191 amino aeids) and 
prolaetin (PRL; 198 amino aeids).This group 
includes all the hormones seereted by the 
hypothalamus, heart, thymus, digestive traet, 
and panereas, and most of the hormones of the 
pituitary gland. Glyeoproteins—polypeptides 


that have earbohydrate side ehains—may 
also function as hormones. Examples 
include thyroid-stimulating hormone (TSH), 
luteinizing hormone (LH), and folliele- 
stimulating hormone (FSH) from the 
pituitary gland, and several hormones 
produced in otherorgans. 


Lìpìd Derìvatìves 

These hormones eonsist of earbon rings and side ehains built either 
from fatty aeids (eieosanoids) or eholesterol (steroid hormones). 



eOOH 


V 




V 



Eíeosanoìds 


Example: Prostaglandin E 


Steroìd Hormones 


Example: Estrogen 


Eìeosanoìds (ì-kó-sa-noydz) are important paraerine faetors 
that eoordinate cellular aetivities and affeet enzymatie 
proeesses (such as blood elotting) in extracellularfluids. Some 
eieosanoids, such as leukotrìenes (loo-kó-TRÌ-èns), have 
seeondary roles as hormones. A seeond group of eieosanoids- 
prostaglandìns —is involved primarily in eoordinating loeal 
cellular aetivities. 


Steroìd hormones are released by the reproductive organs 
(androgens by the testes in males, estrogens and progesterone 
by the ovaries in females), by the cortex of the adrenal glands 
(eortieosteroids), and by the kidneys (ealeitriol). Because 
circulating steroid hormones are bound to speeifie transport 
proteins in the blood, they remain in circulation longer than do 
seereted peptide hormones. 
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The endoerine system includes those organs (indieated in purple in 


this figure) whose primary function is the prodnetion of hormones or 
paraerine faetors. Many other organs eontain tissnes that seerete hormones, 
but their endoerine fnnetions are seeondary. Examples inelnde the heart, 
kidneys, intestines, thymus, and reprodnetive organs. The endoerine 


fnnetions of these organs will be eonsidered primarily in later ehapters. 


Hypothalaimus 


The hypothalaimus seeretes hormones 
involved with fluid balanee, smooth 
muscle eontraetion, and the eontrol of 
hormone seeretion by the anterior 
lobe of the pituitary gland. 


Pìtuìtary Gland 


The pìtuìtary gland seeretes 
multiple hormones that regulate the 
endoerine aetivities of the adrenal 
cortex, thyroid gland, and reproduc- 
tive organs, and a hormone that 
stimulates melanin production. 


Thyroíd Gland 


The thyroíd gland seeretes hormones 
that affeet metabolie rate and calcium 


ion levels in body fluids. 


Adrenal Glands 


The two adrenal glands seerete 
hormones involved with mineral 
balanee, metabolie eontrol, and 
resistanee to stress. The adrenal 
medullae release epinephrine and 
norepinephrine during sympathetie 
aetivation. 


Panereas (Panereatíe Islets) 


The panereatíe islets seerete 
hormones regulating the rate of 
glucose uptake and utilization by 
body tissues. 



Píneal Gland 


The pìneal gland seeretes melato- 
nin, which affeets reproductive 
function and helps establish 
eireadian (day/night) rhythms. 


Parathyroìd Glands 

The parathyroíd glands seerete a 
hormone important to the regula- 
tion of calcium ion levels in body 
fluids. 


Organs wíth Seeondary 
Endoeríne Functions 


Heart: Seeretes hormones involved 
in regulating blood volume 


Thymus: Seeretes hormones 
involved in stimulating and 
eoordinating the immune response 


DigestiveTraet: Seeretes numerous 
hormones involved in eoordinating 
system functions, glucose 
metabolism, and appetite 


Kidneys: Seerete hormones that 
regulate blood eell production and 
the rates of calcium and 
phosphate absorption by the 
intestinal traet 


Gonads: Seerete hormones affeeting 
growth, metabolism, and sexual 
eharaeteristies, and other hormones 
that eoordinate the aetivities of 
organs in the reproductive system 


Modyle 16.2 Revíew 
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a. Deseribe the structural elassifieation of 
hormones. 

b. Defineendoerinesystem. 

e. Nametheorgansoftheendoerine 
system. 


16.2 Explain the elassifieation of hormones, and identify key functions 
of hormones seereted by organs and tissues of the endoerine system. 
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Hormones affeet target eells after bìnding to reeeptors 
ín the plasma membrane, eytoplasm, or nucleus 


To aífeet a target eell, a hormone must first interaet with an appropriate 
reeeptor—a protein molecule to which a particular molecule binds strongly. 
Eaeh eell has reeeptors for responding to several different hormones, but eells in 
different tissnes have different eombinations of reeeptors. This arrangement is 
one reason hormones have differential effeets on speeifie tissnes. For every eell, 
the presenee or absenee of a speeifie reeeptor determines the eelFs hormonal 
sensitivities. If a eell has a reeeptor that ean bind a partienlar hormone, that eell 
will respond to the hormone s presenee. If a eell laeks the proper reeeptor for 
that hormone, the hormone will have no effeet on that eell. Hormone reeeptors 
are loeated either in the plasma membrane or inside the eell. 



Watch 




MasteringA&P* A^PFJÌje 

Meehanism of Hormone Aetion: 
Seeond Messenger cAMP 





The reeeptors for eateeholamines (E, NE, and dopamine), peptide 
hormones, and eieosanoids are in the plasma membranes of their 
target eells. However, binding of the hormone with its reeeptor on a target 
eell does not prodnee a direet effeet on its intraeellnlar aetivities. Instead, the 
hormone, or first messenger, uses an intraeellnlar intermediary, or seeond 
messenger, to exert the hormone s effeets in the eell. Thus hormone binding 
gives rise to a seeond messenger, which may aet as an enzyme aetivator, 
inhibitor, or eofaetor. Regardless, the net result is a ehange in the rates of 
varions metabolie reaetions. The two most important seeond messengers 
are eyelie AMP (cAMP), a derivative of ATP, and ealeinm ions (Ca^+). 



Effeets on eAMP Levels 


Many G proteins, onee aetivated, exert their effeets by ehanging the 
eoneentration of cAMP, which aets as the seeond messenger within the eell. 


ÍHormone) 


Hormone 



Protein 

reeeptor 





Protein 

reeeptor 


G protein 
aetívated 


Aets as 
seeond cAMP 
messenger 



inereased 
production 
of cAMP 


G protein 
^aetivated 




mmm 

■ 

Enhaneed • 
breakdown 
of cAMP 


cAMP 



Opens ion 
ehannels 


Aetivates 

enzymes 


Reduced 

enzyme 

aetivity 


If levels of cAMP inerease, 
enzymes may be aetivated or 
ion ehannels may be opened, 
aeeelerating the metabolie 
aetivity of the eell. 


In some instanees, G protein 
aetivation results in deereased 
levels of cAMP in the 
eytoplasm.This deerease has 
an inhibitory effeet on the eell. 


The link between the first 
messenger and the seeond 
messenger generally 
involves a G protein, an 
enzyme complex coupled 
to a membrane reeeptor. 


Hormone 





Protein 

reeeptor 



G protein 
(inaetive) 


G protein 
aetivated 



Effeets on Levels 

Some G proteins use as a 


seeond messenger 



Hormone 


HT Protein 
^ reeeptor 



G protein 
aetivated 


Release of 
stored ea^"^ 
from ER or SER 



i 


Opening of 
ea^”^ ehannels 







ea^"^ aets as 
seeond 


messenger 



Calmodulin 



Aetivates enzymes 

The calcium ions themselves serve as 
messengers, generally in eombination with 
an intracellular protein ealled calmodulin. 
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Steroid hormones diffuse aeross the phospholipid bilayer 


of the plasma membrane and bind to reeeptors in the 
eytoplasm or nucleus. The hormone-reeeptor complexes then 
alter the aetivity of speeifie genes. By this meehanism, steroid 
hormones ean alter the rate of DNA transeription in the nucleus, 
ehanging the pattern of protein synthesis. The resulting ehanges 
in the synthesis of enzymes or structural proteins direetly affeet 
the target eells metabolie aetivity and structure. For example, in 
response to the sex hormone testosterone, skeletal muscle fibers 
inerease production of enzymes and structural proteins, causing 
inereases in muscle size and strength. 


Steroìd hormone 



Diffnsion throngh 
membrane lipids 


eYTOPLASM 


Target eell response 


Reeeptor 


Binding of hormone 
to eytoplasmie or 
nnelear reeeptors 


Alteration of eellnlar 


structure or aetivity 


6 


Translation and 
protein synthesis 


Transeription and 
mRNA production 


Reeeptor 


Nuclear 

pore 


Nuclear 

envelope 



4 


Gene aetivation 


Binding of 
hormone-reeeptor 
complex to DNA 


Thyroid hormones are primarily transported aeross 
the plasma membrane by earrier-mediated proeesses. 
Onee in the eells, these hormones bind to reeeptors on mito- 
ehondria and within the nucleus. Thyroid hormones bound to 
mitoehondria inerease the rate of ATP synthesis in the mito- 
ehondria. Hormone-reeeptor complexes in the nucleus aetivate 
speeifie genes or ehange the rate of transeription, which affeets 
the metabolie aetivities of the eell by inereasing or deereasing 
the eoneentrations of speeifie enzymes. 



Thyroìd hormone 



Transport aeross 
plasma membrane 


Reee 



Target eell response 



inereased 



production 



Alteration of cellular 


structure or aetivity 



Translation and 
protein synthesis 


Binding of reeeptors 
at mitoehondria and 
nucleus 




Reeeptor 



Transeription and 
mRNA production 



4 


Gene aetivation 


Binding of 
hormone-reeeptor 
complex to DNA 


Modyle 16.3 Revìew 


a. Define hormone reeeptor. 

b. Differentiate between a first messenger and a seeond 
messenger. 

e. VVhieh type of hormone diffuses aeross the plasma membrane 
and binds to reeeptors in the eytoplasm? 


(S) 16.3 Explain the general meehanisms of hormonal aetion. 
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The hypothalamus exerts dìreet or ìndìreet eontrol 
over the aetívítìes of many dífferent endoeríne organs 



The hypothalamus provides the highest level 
of endoerine eontrol by integrating the aetivities 
of the nervons and endoerine systems. The hypothalamns 
does this throngh three meehanisms. 



Hypothalamie neurons 
synthesize two 
hormones— antìdìuretìc 
hormone (ADH) and 
oxytocìn (OXT) —and 
transport them along axons 
within the infundibulum to 
the posterior lobe of the 
pituitary gland. 



The hypothalamus seeretes 
regulatory hormones.These 

regulatory hormones eontrol 
the seeretory aetivities of 
endoerine eells in the anterior 
lobe of the pituitary gland. 



The hypothalamus eontains 
autonomic eenters that exert 
direet neural eontrol over 
the endoerine eells of the 
adrenal medullae. When 
the sympathetie division is 
aetivated, the adrenal 
medullae are stimulated 
direetlyand immediately. 




Preganglionie 
motor fibers 




lnfundibulum 


Anterior lobe 
of pituitary gland 


Adrenal gland 


The anterior lobe of the 


ADHandOXTare 


u 

Upon direet neuronal 

pituitary gland seeretes 


released into the 


stimulation, the medulla 

hormones that eontrol the 


circulation from the 


of eaeh adrenal gland 

aetivities of endoerine eells 


posterior lobe of the 


seeretes epinephrine and 

in the thyroid gland, adrenal 


pituitary gland. 


norepinephrine into the 

cortex, and reproductive organs. 



I 

bloodstream. 
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By seereting speeifie regnlatory hormones, the 


hypothalamns eontrols the prodnetion of hormones 
in the anterior lobe of the pitnitary gland. At the medían 
eminenee, a swelling near the attaehment of the infnn- 
dibnlnm, hypothalamie nenrons release regnlatory faetors 
into the snrronnding interstitial flnids. These seeretions 
enter the bloodstream quite easily, because the endothelial 
eells lining the eapillaries in this region are unusually 
permeable. These fenestrated (FEN-es-trà-ted; fenestra, 
window) eapillaries allow relatively large moleenles to 
enter or leave the bloodstream. 


Hypophyseal Portal System 


The eapillary networks and 
the intereonneeting vessels 
make up a portal system. 
Portal systems are named 
after their destinations. This 
particular system is known as 
the hypophyseal (hí-po- 
FlZ-è-al) portal system 
{hypophysis istheLatinname 
forthe pituitary gland). Portal 
systems are an effieient 
means of ehemieal communi- 
eation.This one ensures that 
all the hypothalamie 
hormones entering the portal 
vessels will reaeh their target 
eells in the anterior lobe 
before being diluted through 
mixing with the general 
circulation.The communica- 
tion is strietly one way, 
however. Any ehemieals 
released by the cells"down- 
stream"must do a eomplete 
circuit of the cardiovascular 
system before they reaeh the 
eapillaries of the portal 
system. 


The eapillary networks in 
the median eminenee are 
supplied by the superior 
hypophyseal artery. Before 
leaving the hypothalamus, 
the eapillary networks 
unite to form a series of 
larger vessels that spiral 
around the infundibulum 
to reaeh the anterior lobe. 


The vessels between the 
median eminenee and the 
anterior lobe earry blood 
from one eapillary network 
to another. Blood vessels 
that linktwo eapillary 
networks are ealled portal 
vessels. In this ease, they 
have the histologieal 
structure of veins, so they 
are ealled portal veins. 


Onee within the anterior 
lobe, these vessels form a 
seeond eapillary network 
that branehes among the 
endoerine eells. 


Neurons of the supraoptic and 
paraventricular nuclei manufacture 
ADH and OXT, respeetively.These 
hormones are released by axon 
terminals at fenestrated eapillaries in 
the posterior lobe of the pituitary gland. 


Supraoptic Paraventricular Neurosecretory 

nuclei nuclei neurons 



The regulatory hormones seereted by the hypothalamus are trans- 
ported direetly to the anterior lobe by the hypophyseal portal system. 
Two elasses of hypothalamie regulatory hormones exist: releasing 
hormones and inhibiting hormones. A releasing hormone (RH) 
stimulates the synthesis and seeretion of one or more hormones at 
the anterior lobe. In eontrast, an inhibiting hormone (IH) prevents 
the synthesis and seeretion of hormones from the anterior lobe. 
Releasing hormones, inhibiting hormones, or some eombination 
of the two may eontrol an endoerine eell in the anterior lobe. 


Modole 16.4 Revìew 


a. Define regulatory hormone. 

b. Identify thethree meehanisms by 
which the hypothalamus integrates 
neural and endocrinefunction. 

e. Name and deseribe the eharaeteristies 
and functions of the blood vessels 
that link the hypothalamus with the 
anterior lobe of the pituitary gland. 


(S) 16.4 Deseribe how the hypothalamus eontrols endoerine organs. 
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Module16.5 




The pìtuitary gland eonsìsts of an 
anteríor lobe and a posteríor lobe 



The pituitary gland; or 
hypophysis (hi-POF-i-sis), is 
a small, oval gland that lies nestled 
within the sella tnreiea, a depression 
in the sphenoid bone. Nine impor- 
tant peptide hormones are released 
by the pitnitary gland—seven by the 
anterior lobe and two by the poste- 
rior lobe. All nine hormones bind to 
membrane reeeptors, and all nine 
use cAMP as a seeond messenger. 
The hormones of the anterior lobe 
are also ealled tropie hormones 
{trope, a turning), beeanse they “turn 
on” endoerine glands or snpport the 
fnnetions of other organs. (Some 
sonrees eall them trophie hormones 
[trophe, nonrishment].) 


The ìnfundìbuluim (in-fun- 
DIB-u-lum; funnel) is a funnel- 
shaped stalk that eonneets the 
pituitary gland to the inferior 
surface of the hypothalamus. 


Optie ehiasm 


A fold of the dura mater 
eneireles the base of the 
infundibulum, loeking the 
pituitary gland in position and 
isolating it from the eranial 
eavity. 


The anterìor lobe of the 
pìtuìtary gland, or adenohy- 
pophysìs (ad-e-nó-hí-POF-i-sis), 
eontains a variety of endoerine 
eells. 



The posteríor lobe of the 
pítuìtary gland, or neurohy- 
pophysís (noo-ró-hí-POF-i-sis), 
eontains the axons of 
hypothalamie neurons. 


Hormones of the Anterìor Lobe 

TSH ACTH Gonadotropíns (FSH and LH) 


Thyroìd-stìmulatìng 
hormone (TSH) targets 
the thyroid gland, where it 
triggers the release of 
thyroid hormones.TSH is 
released in response to 
thyrotropìn-releasìng 
hormone (TRH) from the 
hypothalamus. As 
circulating eoneentrations 
of thyroid hormones rise, 
the rate of TRH and TSH 
production falls— 
another example of 
negativefeedbaek. 



Thyroid gland 


Adrenoeortíeotropìe 
hormone (ACTH), also 
known as eortieotropin, 
stimulates the release of 
steroid hormones by the 
adrenal cortex, the outer 
portion of the adrenal gland. 
ACTH speeifieally targets eells 
that produce hormones that 
affeet glucose metabolism. 
ACTH release occurs under 
the stimulation of 
eortíeotropín-releasìng 
hormone (CRH) from the 
hypothalamus. 



Adrenal gland 


The hormones ealled gonadotropìns (gó-nad-ó-TRO-pinz) regulate the 
aetivities of the gonads. (These organs—the testes in males and ovaries in 
females—produce reproductive eells as well as hormones.) The produc- 
tion of gonadotropins occurs under stimulation by gonadotropìn- 
releasìng hormone (GnRH) from the hypothalamus. 


released by 
eells in the testes 
and ovaries. 


Follìcle-stìmulatìng hormone 
(FSH) promotes ovarian folliele 
development in females and, in 
eombination with luteinizing 
hormone, stimulates the 
seeretion of estrogens 
(ES-tró-jenz) by ovarian eells. In 
males, FSH promotes the 
physieal maturation of develop- 
ing sperm. FSH production is 
inhibited by 
ìnhìbìn, a 
peptide 
hormone 



Ovary 


Luteìnìzìng (LOO-tè-in-í-zing) 
hormone (LH) induces ovulation, the 
release of reproductive eells in females. 
It also promotes the seeretion, by the 
ovaries, of estrogens and progesterone, 
which prepare the body for possible 
pregnaney. In males, this gonadotropin 
stimulates the production of sex 
hormones by the interstitial eells of the 
testes. These sex hormones are ealled 

androgens 
(AN-dró-jenz; andros, 
man); the most 
important one is 
testosterone. 

Testis 



594 • ehapter 16:The Endoerine System 


















Hormones of the Posterìor Lobe 

ADH 

OXT 

Antìdìuretic hormone (ADH), also known as vasopressín (VP), is released 
in response to a variety of stimuli, most notably an inerease in the solute 
eoneentration in the blood or a deerease in blood volume or blood 
pressure. An inerease in the solute eoneentration stimulates speeialized 
hypothalamie neurons. Because they respond to a ehange in the osmotie 
eoneentration of body fluids, these neurons are ealled osmoreeeptors.The 
osmoreeeptors then stimulate the neurosecretory neurons that release 
ADH.The primary function of ADH is to aet on the kidneys to retain water 

In women, oxytocìn (okytokos, swift birth), or OXT, 
stimulates smooth muscle eontraetion in the wall of 
the uterus, promoting labor and delivery. After 
delivery, OXT promotes the ejeetion of milk by 
stimulating the eontraetion of myoepithelial eells 
around the seeretory alveoli and the ducts of the 
mammary glands. Although the functions of OXT in 
sexual aetivity remain unclear, it is known that 


and deerease urination. With losses minimized, any water absorbed from 
the digestive traet will be retained, reducing the eoneentra- 
tions of eleetrolytes in the extracellularfluid. In high 
eoneentrations, ADH also causes vasoeonstrietion, a 
narrowing of peripheral blood vessels that helps inerease 
blood pressure. Aleohol inhibits ADH release, which 
explains why people find themselves making frequent 
trips to the bathroom after consuming aleoholie beverages. 



circulating eoneentrations of oxytocin rise during 
sexual arousal and peak at 
orgasm in both sexes. Oxytocin 
release is triggered by sensory 
input, so it is an example of a 
neuroendocrìne reflex. 



Kidney 


Uterus 


ll 

IMl 



PRL 


\ 


MSH 


Growth hormone (GH) stimulates eell growth and 
reproduction by aeeelerating the rate of protein synthe- 
sis. Skeletal muscle eells and ehondroeytes are particu- 
larly sensitive to GH.The production of GH is regulated 

by growth hormone-releasìng hormone (GH-RH) and 
growth hormone-ìnhíbìtìng hormone (GH-IH) from 
the hypothalamus. The stimulation of growth by GH 
involves two different meehanisms of eontrol: 



l\/lusculo- 

skeletal 

system 


The primary eontrol meeha- 
nism is indireet. Liver eells 
respond to GH by synthesizing 
and releasing somatomedìns, 
(compounds that stimulate 
tissue growth), or ínsulín-lìke 
growth faetors (IGFs).These 
peptide hormones bind to 
reeeptors on a variety of 
plasma membranes. In 
skeletal musclefibers, 
eartilage eells, and other 
target eells, somatomedins 
inerease the uptake of amino 
aeids and their ineorporation 
into new proteins. 


The direet aetions of GH are more 

seleetive: 

• In epithelia and eonneetive tissues, 
GH stimulates stem eell divisions and 
the differentiation of daughter eells. 

• In adipose tissue, GH stimulates the 
breakdown of stored triglyeerides by 
adipoeytes (fat eells), which then 
release fatty aeids into the blood. 
Many tissues then stop breaking 
down glucose and use fatty aeids 
instead to generate ATP.This is 
termed a glucose-sparíng effeet. 

• In the liver, GH stimulates the 
breakdown of glyeogen reserves, 
leading to the release of glucose 
into the bloodstream. 


Prolaetìn (pro-, before -i- lae, 
milk) (PRL) works with other 
hormones to stimulate 
mammary 
gland develop- 
ment. In 
pregnaney and 
during the 
nursing period 
thatfollows Mammary 

delivery, PRL gland 

also stimulates 
milk production by the 
mammary glands. Prolaetin 
production is inhibited by 
prolaetìn-ìnhìbìtìng 
hormone (PIH) and 
stimulated by several 
prolaetin-releasing faetors. 


The pars intermedia, a 
narrow portion of the 
anterior lobe elosest to the 
posterior lobe, may seerete 
melanocyte-stìmulatìng 
hormone (MSH). MSH 
stimulates the melano- 
eytes of the skin to 
inerease their production 
of melanin. In adults, this 
portion of the anterior 
lobe is virtually nonfunc- 
tional, and the circulating 
blood usually does not 
eontain MSH. 



Modale 16.5 Revìew 


a. Name the two lobes ofthe pituitary gland. 

b. Identify the nine pituitary hormones and theirtarget tissues. 

e. In a dehydrated person, how would the amount of ADH 
released by the posterior lobe of the pituitary ehange? 


16.5 Deseribe the loeation and structure of the pituitary 
gland, and identify pituitary hormones and their functions. 
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Module16.6 


Negatíve feedbaek meehanisms eontrol 
the seeretíon rates of the hypothalamos 
and the pítuìtary gland 



Hormone seeretion is typieally 
eontrolled through negative 
feedbaek; the relationships among the 
hypothalamus, the pituitary, and the 
endoerine target organ provide many 
useful examples. In the eommon 
arrangement shown here, the hypo- 
thalamus produces a releasing hormone 
(or faetor) that triggers the release of 
a hormone by the anterior lobe of the 
pituitary gland. The pituitary hormone 
stimulates release of a seeond hormone 
by the target organ. This seeond 
hormone suppresses seeretion of both 
the hypothalamie releasing hormone 
and the pituitary hormone. The table 
at right lists major hormones whose 
seeretion is eontrolled in this way. 


Hypothalamns 



Releasìng 

Hormone 1 

hormone 

(from 

(RH) 

pítuítary) 

TRH 

TSH 

CRH 

ACTH 


FSH 

GnRH 

LH 


Endoeríne 

target 

organ 

Hormone 2 
(from target 
organ) 

Thyroid 

Thyroid 

gland 

hormones 

Adrenal 

Gluco- 

cortex 

eortieoids 

Testes 

Inhibin 

Ovaries- 

’ Inhibin 
_ Estrogens 

Ovaries 

Progesterone 
_ Estrogens 

Testes 

Androgens 


Negative feedbaek 


Hormone 2 

~~r~ 



Target eells 


KEY 


>■ Stimylation 
Hl Inhibition 


2 


Growth hormone seeretion 
involves both releasing and 


inhibiting hormones. The hypo- 
thalamie neurons releasing these 
hormones are sensitive to levels of 
somatomedíns, which function 
like Hormone 2 in the general 
pattern shown above. However, 
the somatomedins not only 
suppress seeretion of GH-RH 
but stimulate seeretion of 
GH-IH. This eombination 
provides more rapid and 
preeise regulation of GH levels. 



timnlation 


Inhibition 



Epithelia, 
adipose tissue, 
liver 


Stimulates growth of skeletal muscle, 
eartilage, and many other tissues 


3 


Prolaetin seeretion 
is also eontrolled 


by a pair of regulatory 
hormones. Seeretion 
of prolaetin-releasing 
faetor (PRF) is inhibited 
by PRL, whereas seeretion 
of prolaetin-inhibiting 
hormone (PIH) is 
stimulated by PRL. 


Stimulation 




Stimulates 

mammary 

glands 
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This figure gives an overview of the hormonal relationships 
we have eonsidered in Modules 16.3 through 16.5. 



Hypothalamus 

indìreet Gontrol through Release 
of Regulatory Hormones 





Díreet Release 
of Hormones 


Gortieotropin- Thyrotropin- 
releasing releasing 

hormone hormone 

(CRH) (TRH) 

Growth 

hormone- 

releasing 

hormone 

(GH-RH) 

Growth 

hormone- 

inhibiting 

hormone 

(GH-IH) 

Prolaetin- 

releasing 

faetor 

(PRF) 

Prolaetin- 

inhibiting 

hormone 

(PIH) 

Gonadotropin- 

releasing 

hormone 

(GnRH) 

Sensory 

stimulation 

Osmoreeeptor 

stimulation 


Regulatory hormones are released into 
the hypophyseal portal system for delivery 

to the anterior lobe of the 

pituitary gland. 


Adrenal cortex 



Adrenal 

glands 


Thyroid 

gland 




Glucocorticoids 

(steroid 

hormones) 



Anterior lobe of 
pituitary gland 



Posterior lobe 
of pituitary gland 


ADH 


ACTH 


TSH 





OXT 


PRL 


Somatomedins 



FSH 


Bone, muscle, 
other tissues 


MSH 



Kidneys 




Ovaries 
of female 




Males: Smooth 
muscle in ductus 
deferens and 
prostate gland 


Females: Dterine 
smooth muscle and 
mammary glands 



Thyroid 

hormones 


Mammary 

glands 



Testes 
of male 



Melanoeytes (uncertain 
signifieanee in healthy 
adults) 


Inhibin 


Testosterone 


Estrogen 


Progesterone 


Inhibin 


16.6 Deseribe the role of negative feedbaek in the functional 
relationship between the hypothalamus and the pituitary gland. 


Module 16.6 Revìew 


a. List the hypothalamie releasing hormones. 

b. If a blood sample eontained inereased levels of 
somatomedins, which pituitary hormone would you 
expect to be inereased? 

e. What effeets would inereased circulating levels ofgluco- 
eortieoids have on the pituitary seeretion of ACTH? 
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Module16.7 


r 


The thyroid gland eontains follieies and 
requires iodine to produce hormones 
that stimulate tissue metabolism 



The thyroid gland curves aeross the anterior surface of the 
traehea just inferior to the thyroid (“shield-shaped”) eartilage, 
which forms most of the anterior snrfaee of the larynx. The two lobes 
of the thyroid gland are united by a slender eonnee- 
tion, the ísthmns (IS-mus). You ean easily feel the 
gland with your fingers. When something goes 
wrong with it, the thyroid gland typieally beeomes 
visible as it enlarges and distorts the snrfaee of the 
neek. The size of the gland varies, depending on 
heredity and environmental and nntritional faetors, 
but its average weight is about 34 g (1.2 oz). An 
extensive blood supply gives the thyroid gland a 
deep red eolor. 


Right lobe of thyroid gland 


eonnnnon earotid artery 


Traehea 


Outline of elaviele 


Outline of sternunn 




Thyroid eartilage 


Internal jugular vein 


Left lobe of thyroid gland 


lsthnnus of thyroid gland 


2 


The thyroid gland eontains large 


nnmbers of thyroid follieles, hollow 
spheres lined by a simple enboidal epithe- 
lium. The folliele eells surround a folliele 
eavity that holds a viseons eolloid, a fluid 
eontaining large quantities of dissolved 
proteins. A network of eapillaries surrounds 
eaeh folliele, delivering nntrients and 
regnlatory hormones to the glandnlar eells 
and aeeepting their seeretory prodnets and 
metabolie wastes. The folliele eells synthe- 
size a globnlar protein ealled thyroglobulin 
(thi-rò-GLOB-u-lin) and seerete it into the 
eolloid of the thyroid follieles. Thyroglobnlin 
moleenles eontain the amino aeid tyrosine, 
the building bloek of thyroid hormones. 


Simple 
cuboidal 
epithelium 
of folliele 


Thyroid 

folliele 



Thyroglobulin in eolloid 


A seeond population of 
endoerine eells lies 
sandwiched between the 
basement membrane of 
the folliele eells.These 
large, pale eells—ealled 
e (elear) eells —produce 
the hormone ealeítonín 
(CT), which helps to 
regulate Ca2+ eoneentra- 
tions in body fluids. 


Seetìon of thyroìd gland 


LM X 260 
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This figure shows the continuous proeess by which 
thyroid hormones are prodneed and then stored within 


thyroglobnlin in thyroid follieles. Thyroid hormones are 
released into and removed from the eirenlation as needed. 


Folliele 

eavity 



The hormone thyroxìne 
(thí-ROK-sèn), or T 4 , eontains 
four iodine atoms. A related 
molecule ealled trììodothy- 
ronìne (T 3 ) eontains three 
iodine atoms. Eventually, 
eaeh molecule of thyroglobu- 
lin eontains four to eight 
molecules of 73 , 74 , orboth. 


4 


FOLLieiE GAVITY 


OO 

Thyroglobulin 
(eontainsT^ andT^) 


Folliele eells remove 
thyroglobulin from the 
folliele eavity by endoeytosis 


Endoeytosis 



The iodide ions diffuse to the 
apieal surface of eaeh folliele 
eell, where they lose an 
eleetron and are eonverted to 
an iodine atom (l^) by the 
enzyme thyroid peroxidase. 
This reaetion also attaehes 
one or two iodine atoms to 
the tyrosine portions of a 
thyroglobulin molecule 
within the folliele lumen. 


Thyroglobulin 


lodine ^ 
atoms Oq 
(|0 ) ♦ 


Other amino aeids 


00 


Tyrosine 


op T 

■OO 


Lysosomal enzymes break 
the thyroglobulin down, and 
the released amino aeids and 
thyroid hormones enter the 
eytoplasm.The amino aeids 
are then reeyeled and used 
to synthesize more 
thyroglobulin. 


Diffusion 


FOLLICLECELL 


6 



TSH- 
sensitive 
ion pump 


Diffusion 


Start 






lodide ions are absorbed 
from the diet and are 
delivered to the thyroid gland 
by the bloodstream. Garrier 
proteins in the basement 
membrane of the folliele eells 
aetively transport iodide ions 
(T) into the eytoplasm. 


O Q GAPILLARY 


v ■ 

<yo 


lodide 
ions (T) 


T4&T3 



The released molecules of T 3 
and T 4 diffuse aeross the 
basement membrane and 
enterthe bloodstream. 
About 90 pereent of all 
thyroid seeretions ÌST4.T3 is 
seereted in eomparatively 
small amounts although its 
metabolie effeets are much 
strongerthan those ofT^. 


Effeets ofThyroìd Hormones on Perípheral Tíssoes 


Roughly 75 pereent of theT^ molecules and 70 pereent of theT^ 
molecules entering the bloodstream beeome attaehed to transport 
proteins ealled thyroìd-bìndìng globulìns (TBGs).The transport 
proteins release thyroid hormones only gradually, and the bound 
thyroid hormones represent a substantial reserveiThe bloodstream 
normally eontains more than a week's supply of thyroid hormones. 


inereased rates of oxygen consumption and energy eon- 
sumption; in ehildren, may cause a rise in body temperature 

inereased heart rate and foree of eontraetion; generally 
results in a rise in blood pressure 

inereased sensitivity to sympathetie stimulation 

Maintenanee of normal sensitivity of respiratory eenters 
to ehanges in oxygen and earbon dioxide eoneentrations 

Stimulation of red blood eell formation and thus enhaneed 
oxygen delivery 

Stimulation of aetivity in other endoerine tissues 
Aeeelerated turnover of minerals in bone 


Modyle 16.7 Revíew 


a. Name the hormones ofthethyroid 
gland. 

b. What thyroid hormone aids in calcium 
regulation? 

e. Whydosignsand symptomsof 
deereased thyroxine eoneentrations 
not appear until about a week after a 
thyroideetomy (surgical removal of the 
thyroid gland)? 


16.7 Deseribe the loeation and structure of the thyroid gland, identify the 
hormones it produces, and speeify the functions of those hormones. 
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Module16.8 


r 


Parathyroid hormone, produced by 
the parathyroíd glands, ís the prímary 
regulator of blood calcíum ìon levels 



Two pairs of parathyroid glands 
are embedded in the posterior 
snrfaee of the thyroid gland. Altogether, 
the four parathyroid glands weigh a 
mere 1.6 g (0.06 oz). 


Thyroid gland 




Parathyroid 

glands 


2 


The parathyroid glands have 


at least two eell populations: 
parathyroid eells and oxyphil eells. 
Parathyroid (ehief) eells prodnee 
parathyroid hormone. The fnnetions 
of the oxyphil eells are unknown. Like 
the e eells of the thyroid gland, the 
parathyroid eells monitor the eirenlat- 
ing eoneentration of ealeinm ions. 
When the Ca^+ eoneentration of the 
blood falls below normal, the parathy- 
roid eells seerete parathyroid 
hormone (PTH). The net result of 
PTH seeretion is an inerease in Ca^+ 
eoneentration in body fluids. 



Blood vessel 


A dense fibrous 
capsule separates the 
eells of the parathyroid 
gland from those of 
the thyroid gland. 


Thyroid 

follieles 


Parathyroìd gland 


LM X 94 



Parathyroìd eells and oxyphíl eells LM X 600 


Parathyroid 
(ehief) eells 


Oxyphil eells 
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Parathyroid hormone and ealeitonin (from the thyroid) have opposing effeets on 
levels of ealeinm ions in body flnids. However, in healthy adnlts PTH, aided by 


ealeitriol seereted by the kidneys, is the primary regnlator of eirenlating ealeinm ion 
eoneentrations. Removal of the thyroid gland seldom affeets ealeinm ion homeostasis 
beeanse dietary intake and metabolie demand are so elosely balaneed that inereased blood 
ealeinm levels are very rare. However, ealeitonin ean be administered elinieally to treat 
several metabolie disorders that eanse inereased ealeinm levels and excessive bone formation. 







Inereased 
excretion 
of calcium 
by kidneys 


Calcium 
deposition 
in bone 



HOMEOSTASIS 

DISTURBED 


Inereasing blood 
calcium levels 


HOMEOSTASIS 

DISTURBED 



Deereasing blood 
calcium levels 



Inereased 
reabsorption 
of calcium 
by the 
kidneys 


Calcium 
release 
from bone 


inereased 

ealeitriol 

production 

causes 

Ca2+ 

absorption 
by intestinal 
traet 


HOMEOSTASIS 

RESTORED 


Blood calcium 
levels deerease 




HOMEOSTASIS 

RESTORED 


Blood calcium 
levels inerease 



Effeets of Parathyroid Hormone 
on Perípheral Tissues 


• PTH mobilizes calcium from bone by 
affeeting osteoblast and osteoelast aetivity. 
PTH stimulates osteoblasts to seerete a 
growth faetor known as RANKL. Osteoelasts 
have no PTH reeeptors, but both precursor 
and mature osteoelasts have RANKL 
reeeptors.This growth faetor results in an 
inerease in osteoelasts and osteoelast 
aetivity. With more osteoelasts, the rates of 
mineral turnover and Ca2+ release aeeelerate. 
As bone matrix erodes, blood Ca2+ rises. 

• PTH enhanees the reabsorption of Ca2+ by 
the kidneys, reducing urinary losses. 

• PTH stimulates the formation and seeretion 
of ealeitriol by the kidneys. In general, the 
effeets of ealeitriol eomplement or enhanee 
those of PTH, but ealeitriol also enhanees 
Ca2+ and PO^^" absorption by the instestinal 
traet. 


Modyle 16.8 Revíew 


a. Deseribe the loeations ofthe parathyroid 
glands. 

b. Explain how parathyroid hormone inereases 
blood calcium levels. 

e. Deereased blood calcium levels would result 
in inereased seeretion of which hormone? 


16.8 Deseribe the loeation of the parathyroid glands, and 
identify the functions of the hormone they produce. 
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IVIodule16.9 


r 


The adrenal glands produce hormones 
involved ìn metabolk regulatìon 



A yellow, pyramid-shaped adrenal 
gland, or suprarenal (su-pra- 
RE-nal; supra~, above + ren, kidney) 
gland, sits on the snperior border of eaeh 
kidney. The adrenal glands are retroperi- 
toneal, as are the kidneys, and only their 
anterior snrfaees are eovered by a layer 
of parietal peritonenm. Like other 
endoerine glands, the adrenal glands 
are riehly snpplied with blood vessels. 


2 


The adrenal cortex is yellowish due to 
stored lipids, espeeially eholesterol and 


varions fatty aeids. The adrenal cortex prodnees 
more than two dozen steroid hormones, 
eolleetively ealled eortieosteroids. Like other 
steroid hormones, eortieosteroids exert their 
effeets by determining which genes in the nuclei 
of their target eells are transeribed, and at what 
rate. The resnlting ehanges in the nature and 
eoneentration of enzymes in the eytoplasm 
affeet eellnlar metabolism. Gortieosteroids are 
vital: If the adrenal glands are destroyed or 
removed, the person will die unless eortieo- 
steroids are administered. 



Left adrenal 


Abdominal aorta 


Inferior vena eava 
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Deep to the adrenal eapsnle are three distinet regions, or zones, in the adrenal cortex. 
Eaeh zone synthesizes speeifie steroid hormones. Deep to the cortex lies the adrenal 


mednlla, which synthesizes epinephrine and norepinephrine. 


The Adrenal Hormones 


Regìon/Zone 


Hormones 


PrìmaryTargets 


Hormonal Effeets 


Regulatory Gontrol 



ADRENALCAPSULE 





1 


i 




« 


ADRENALCORTEX 


The zona 
glomerulosa 

(gló-mer-u-LO-suh) is 
the outer region of 
the adrenal cortex. 


The zona fascícu- 
lata (fa-sik-u-LA-tuh; 
fasciculus, little 
bundle) is the large, 
eentral portion of 
the adrenal cortex. 


The zona retìcularìs 

(re-tik-u-LAR-is; 
reticuium, network) 
forms a narrow 
band bordering 
eaeh adrenal 
medulla. 


Mineraloeortíeoíds, 
primarily aldoste- 
rone 


Glucocortìcoìds are 

steroid hormones 
that affeet glucose 
metabolism.The 
primary hormones are 
eortísol (KOR-ti-sol), 
also ealled hydroeorti- 
sone, and smaller 
amounts of the related 
steroid eortíeosterone 
(kor-ti-KOS-te-rón). The 
liver eonverts some of 
the circulating eortisol 
to eortìsone, another 
metabolieally aetive 
glucocorticoid. 


Small quantities of 
androgens (male 
sex hormones) that 
may be eonverted 
to estrogens in the 
bloodstream 


Kidneys 


Aldosterone inereases renal 
reabsorption of Na^ and water, 
espeeially in the presenee of 
ADH. It also aeeelerates urinary 
loss of K+. 


Most eells 


Glucocorticoids inerease rates 
of glucose and glyeogen 
formation by the liver.They 
also stimulate the release of 
amino aeids from skeletal 
muscles, and lipids from 
adipose tissues, and they 
promote lipid eatabolism 
within peripheral eells.These 
aetions supplement the 
glucose-sparing effeet of 
growth hormone (noted in 
Module 16.5). Cortisol also 
reduces inflammation (an 
antì-ìnflammatory effeet). 


Skin, bones, and 


Adrenal androgens 


other tissues, but stimulate the development 


minimal effeets 
in normal adults 


of pubic hair in boys and 
girls before puberty. 


Mineraloeortieoid seeretion is 
stimulated by aetivating the renin- 
angiotensin-aldosterone system 
(Module 16.14) and inhibited by 
hormones opposing that system. 


Glucocorticoid seeretion is stimu- 
lated by ACTH from the anterior 
lobe of the pituitary gland. 


Androgen seeretion is 
stimulated by ACTH. 


1 ADRENAL 

Epinephrine (E), Mosteells 

Epinephrine and norepinephrine 

Epinephrine and norepinephrine 

MEDULLA 

norepinephrine (NE) 

inerease eardiae aetivity, blood 

seeretion is stimulated by sympa- 



pressure, glyeogen breakdown. 

thetie preganglionie fibers during 



and blood glucose levels. 

sympathetie aetivation. 
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Moclule 16.9 Revíew 


a. Identify thetwo regionsofan adrenal gland, and 
eite the hormones seereted by eaeh. 

b. List the three zones ofthe adrenal cortex. 

e. What effeet would inereased eortisol levels have 
on blood glucose levels? 


16.9 Deseribe the loeation, structure, and functions of the adrenal glands, 
identify the hormones produced, and speeify the functions of eaeh hormone. 
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Module 16.10 


r 


The panereatk ìslets seerete ìnsulìn and glucagon 
and regulate glucose use by most eells 



The panereas is mostly retroperitoneal and lies in the loop formed 
between the inferior border of the stomaeh and the proximal portion of 
the small intestine. It is a slender, pale organ with a nodnlar (Inmpy) texture. In 
adults, the panereas is 20-25 em (8-10 in.) long and weighs about 80 g (2.8 oz). 
The exocrine panereas, roughly 99 pereent of the organs volume, eonsists of 
elnsters of gland eells and their attaehed ducts. Together, the gland and duct 
eells seerete large quantities of an alkaline, enzyme-rieh fluid that reaehes the 
lumen of the intestinal traet throngh one or two panereatie dnets. 


Small intestine 
(duodenum) 


Panereatie 

duct 


Body of 
panereas 


Lobule 




2 


The endoerine panereas eonsists of small groups of eells 
seattered among the exocrine eells. The endoerine elnsters are 


known as panereatie islets, or the islets of Langerhans (LAN-ger- 
hanz). Panereatie islets aeeonnt for only about 1 pereent of all eells 
in the panereas. Nevertheless, a typieal panereas eontains about 
2 million panereatie islets, and their seeretions are vital to our survival. 


i* 


Gapillaries 


Alpha eells produce the 
hormone glucagon (GLU-ka- 
gon). Glucagon raises blood 
glucose levels by inereasing the 
rates of glyeogen breakdown 
and glucose release by the liver. 


Beta eells produce the hormone 
ínsulín (IN-suh-lin). Insulin 
lowers blood glucose levels by 
inereasing the rate of glucose 
uptake and utilization by eells, 
and by inereasing glyeogen 
synthesis in skeletal muscles 
and the liver. 


Panereatie islet 


The exocrine eells form small clusters that 
seerete into a lumen continuous with a 
panereatie duct.The glandular clusters are 
ealled panereatìe aeini (singular, ac/>?L/s). 



Delta eells produce a peptide 
hormone identieal to growth 
hormone-inhibiting hormone 
(GH-IH). GH-IH suppresses the 
release of glucagon and insulin by 
other islet eells and slows the rates 
of food absorption and enzyme 
seeretion along the intestinal traet. 


F eells produce the hormone 
panereatie polypeptide (PP). PP 

inhibits gallbladder eontraetions 
and regulates the production of 
some panereatie enzymes. It may 
also help eontrol the rate of nutrient 
absorption by the intestinal traet. 


604 • ehapter 16: The Endoerine System 























3 


Insulin and glucagon are the primary 
hormones responsible for the 


regnlation of blood glucose levels. When 
blood glucose levels inerease, beta eells 
seerete insnlin, which then stimnlates the 
transport of glneose aeross plasma mem- 
branes and into target eells. When blood 
glneose levels deerease, alpha eells seerete 
glneagon, which stimnlates glyeogen 
breakdown and glneose release by the liver. 
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Beta eells 
seerete 


insulin 



HOMEOSTASIS 

DISTURBED 

inereasing blood 
glucose levels 


HOMEOSTASIS 

DISTURBED 


Deereasing blood 
glucose levels 




Alpha eells 
seerete 


glucagon 


inereased rate of 
glucose transport into 
target eells 


inereased rate of 
glucose utilization and 
ATP generation 



inereased eonversion 
of glucose to glyeogen 


inereased amino aeid 
absorption and 
protein synthesis 


inereased triglyeeride 
synthesis in adipose 
tissue 



HOMEOSTASIS 


Normal blood 
glucose levels 
(70-110mg/dL) 



inereased breakdown of 
glyeogen to glucose (in 
liver, skeletal muscle) 


inereased breakdown 
of fat to fatty aeids (in 
adipose tissue) 


inereased synthesis 
and release of glucose 
(in liver) 


HOMEOSTASIS 

RESTORED 


Blood glucose 
levels deerease 




HOMEOSTASIS 

RESTORED 


Blood glucose 
levels inerease 



l\/lodule 16.10 Revìew 


Identify the types of eells in the 
panereatie islets and the hormones 
produced by eaeh. 


b. The seeretion of which hormone 
lowers blood glucose eoneentrations? 

e. VVhat istheeffeetof inereased 
glucagon levels on the amount of 
glyeogen stored in the liver? 


16.10 Deseribe the loeation and structure of the panereas, identify the 
hormones it produces, and speeify the functions of those hormones. 
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IVIodule 16.11 


The pìneal gland of the 

epíthalamus seeretes melatonin 



The pineal gland, part of the epithalamus, lies in the posterior 
portion of the roof of the third ventriele in the brain. The pineal 
gland eontains neurons, nenroglia, and speeial seeretory eells ealled 
pinealoeytes (pin-E-al-ó-sits). These eells synthesize the hormone 
melatonin from moleenles of the nenrotransmitter serotonin. 
Gollaterals from the visual pathways enter the pineal gland and affeet 
the rate of melatonin prodnetion. This rate is lowest during daylight 
hours and highest at night. 



Astroeyte 


Pinealoeytes 



Pìneal gland 


LM X 450 


Functions of Melatonin in Humans 


• Inhlbítíng reproductlve functìons. In some mammals, melatonin slows 
the maturation of sperm, ooeytes, and reproductive organs by reducing 
the rate of GnRH seeretion.The signifieanee of this effeet in humans 
remains unclear, but circumstantial evidenee suggests that melatonin 
may play a role in the timing of human sexual maturation. Melatonin 
levels in the blood deeline at puberty, and pineal tumors that eliminate 
melatonin production cause premature puberty in young ehildren. 

• Proteetlng agalnst damage by free radleals. Melatonin is a very 
effeetive antioxidant. It may proteet CNS neurons from free radleals, such 
as nitrie oxide (NO) or hydrogen peroxide (H^O^), that may be formed in 
aetive neural tissue. 

• Settlng eìreadlan rhythms. Because pineal aetivity is eyelieal, the pineal 
gland may also be involved with the maintenanee of basie elreadlan 
rhythms —daily ehanges in physiologieal proeesses that follow a regular 
day/night pattern. inereased melatonin seeretion in darkness has been 
suggested as a primary cause of seasonal affeetive disorder (SAD).This 
eondition ean develop during the winter in people who live at high 
latitudes, where sunlight is searee or laeking. It is eharaeterized by 
ehanges in mood, eating habits, and sleeping patterns. 


Module 16.11 Revìew 


a. Identify the hormone-seereting eells of 
the pineal gland. 

b. inereased amountsoflight would 
inhibitthe production ofwhich 
hormone? 

e. List three functions of melatonin. 
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16.11 Deseribe the loeation of the pineal gland, and 
identify the functions of the hormone that it produces. 



















Module 16.12 


+ 


CLINICAL MODULE 


Diabetes mellitus is an endoerine disorder 
eharaeterized by excessively high blood glucose levels 



Dìabetes mellìtus (mel-ì-tus; mellìtum, honey) is eharaeterized by glucose eoneentrations that are high 
enough to overvvhelm the reabsorption eapabilities of the kidneys.The presenee of abnormally high blood 
glucose levels is ealled hyperglyeemìa (hí-per-glí-SÉ-mè-ah). In diabetes mellitus, glucose appears in the 
urine (glycosurìa; glí-kó-SOO-rè-a), and urine volume generally beeomes excessive (polyurìa). Diabetes 
mellitus ean be caused by genetie abnormalities or mutations that result in inadequate insulin production, 
the synthesis of abnormal insulin molecules, or the production of defeetive insulin-receptor proteins. 


Type 1 Dìabetes 


Type 2 Díabetes | 

Type 1 dìabetes is eharaeterized by inadequate insulin 
production by the panereatie beta eells. People with 

Type 1 diabetes must reeeive insulin to live—typieally 
multiple injeetions daily, or continuous infusion through 
an insulin pump or other deviee.Type 1 diabetes 
accounts for only about 5-10 pereent of diabetes eases 
and often develops in ehildren and young adults. 


Type 2 dìabetes is the most eommon form of diabetes mellitus. 

Most people with this form of diabetes produce normal amounts 
of insulin, at least initially, but their tissues do not respond 
properly—a eondition known as insulin resistanee.Type 2 diabetes 
is assoeiated with obesity, and weight loss through diet and 
exercise ean be an effeetive treatment, espeeially when coupled 
with drugs that alter rates of glucose synthesis and release by the 
liver. 



Untreated diabetes mellitns 
disrnpts metabolie aetivities 
throughout the body. Clinical 
problems arise beeanse the 
tissnes involved are experi- 
eneing an energy erisis—in 
essenee, most of the tissnes 
are responding as they would 
during ehronie starvation, 
breaking down lipids and even 
proteins beeanse they are unable to 
absorb glneose from their surround- 
ings. Problems involving abnormal 
ehanges in blood vessel structure 
are particularly dangerous. An 
estimated 25.8 million people in the 
United States have some form of 
diabetes. 


(S) 16.12 Explain diabetes mellitus: its types, 
elinieal manifestations, and treatments. 



eiíníeal Problems Caused by Diabetes Mellítus 


The proliferation of eapillaries and hemorrhaging at the 
retina may cause partial or eomplete blindness.This 
eondition is ealled dìabetìe retínopathy. 


Degenerative bloekages in eardiae circulation ean lead to 
early heart attaeks. For a given age group, heart attaeks are 
three to five times more likely in people with diabetes than 
in people who do not have the eondition. 


Degenerative ehanges in the kidneys, a eondition ealled 
dìabetìe nephropathy, ean lead to kidney failure. 


Abnormal blood flow to neural tissues is probably 
responsible for a variety of problems with peripheral 
nerves, including abnormal autonomic function. As a 
group, these disorders are termed dìabetìe neuropathy. 


Blood flow to the distal portions of the limbs is reduced, 
and peripheral tissues may be damaged as a result. A 
reduction in blood flow to the feet, for example, ean lead 
to tissue death, ulceration, infeetion, and the loss of toes or 
a major portion of one or both feet. 


Module 16.12 Revìew 


a. Definediabetes mellitus. 

b. Identify and deseribe the two types ofdiabetes mellitus. 

e. Identify some elinieal problems assoeiated with diabetes mellitus. 


Seetion 1: Hormones and lntercellulor Communication • 607 






























SECTION 1 Revíew 

L 


Goneept map 


Use eaeh of the follovving terms onee to fìll in the 
blank boxes to eorreetly eomplete the map. 


Hormones 


steroid hormones 
tryptophan derivatives 
glyeoproteins 
short polypeptides 
eateeholamines 
peptide hormones 


thyroid hormones 
transport proteins 
lipid derivatives 
small proteins 
eieosanoids 


ehemieal stmetare 


Ý 




Ý 




4 





■ 





such as 


epinephrine 



1 






melatonin 



Ý 

T4 



2 






many synthesized as prohormones 


Ý 

eombined with 
earbohydrate 



Ý 

such as ADH 



8 










built from fatty aeids 


built from eholesterol 



10 


Ý 


earried in plasma by 


11 


Ý 

such as PRL 



5 







7 






Matehíng 

Mateh eaeh lettered term vvith the most elosely related deseription. 


a. FSH 

b. androgens 
e. F eells 

d. parathyroid glands 

e. epinephrine 

f. direet communication 

g. tropie hormones 

h. seeretes releasing hormones 

i. prostaglandins 

j. eyelieAMP 


12 

13 

14 

15 

16 

17 

18 

19 

20 
21 


Panereatie polypeptide 
Adrenal medulla 
Gapjunctions 
Pituitary gland 
Seeond messenger 
Hypothalamus 
Zona reticularis 
Eieosanoids 
Gonadotropins 
ehief eells 


12 

13 

14 

15 

16 

17 

18 

19 

20 
21 


Short answer 

Identify the endoerine gland—or endoerine eells—based on the major effeets produced by its/their seereted hormone(s). 


22 

23 

24 

25 

26 

27 

28 
29 


Stimulates and eoordinates the immune response 
Establishes eireadian rhythms 

Seeretes insulin and regulates glucose uptake and utilization 
Gontrols hormone seeretion of the pituitary gland 

Regulates RBC production and the absorption of calcium and phosphate by the intestinal traet 
Regulates mineral balanee, metabolie eontrol, and resistanee to stress 
Regulates seeretions of adrenal cortex, thyroid gland, and reproductive organs 
Affeets grovvth, metabolism, and sexual eharaeteristies 


22 

23 

24 

25 

26 

27 

28 
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Module 16.13 


SECTION 2 • Hormonesand System Integratìon 



Hormones interaet to prodoee 
eoordínated physíologieal responses 

Extracellular fluids eontain a mixture of hormones whose eoneentrations ehange 
daily or even hourly. Because eells have more than one type of reeeptor, they 
respond to mnltiple hormones simultaneously. When a eell reeeives instrnetions 
from two hormones at the same time, there are four possible outcomes. 


Antagonìstìe Effeets 

The two hormones may have antagonìstìe (opposing) effeets, 
as in the ease of PTH and ealeitonin, or insnlin and glneagon.The 
net result depends on the balanee between the two hormones. 
In general, when antagonistie hormones are present, the 
observed effeets are weaker than those produced by either 
hormone aeting unopposed. 


Hormone 1 Hormone2 



inereased cellular Deereased cellular 


aetivity aetivity 


Addìtìve Effeets 

The two hormones may have addìtìve effeets, so that the net result is 
greater than the effeet that eaeh would produce aeting alone. In some 
eases, the net result is greaterthan the sum of the hormones'individual 
effeets.This interaetion is a synergìstìe effeet (sin-er-JIS-tik; synairesis, 
a drawing together). An example is the enhaneement of the glucose- 
sparing aetion of GH in the presenee of glucocorticoids. 


Hormone 1 Hormone2 



inereased cellular aetivity 


Permìssìve Effeets 

One hormone ean have a permìssìve effeet on another. In such 
eases, the first hormone is needed for the seeond to produce its 
effeet. For example, epinephrine does not ehange the rate of 
energy consumption in a tissue unless thyroid hormones are 
also present in normal eoneentrations. 


Hormone 2 



inereased cellular 
aetivity 


In this seetion, we will eonsider the ways hormones 
interaet to preserve homeostasis and eontrol 
short-term or long-term proeesses. 


Integratìve Effeets 

Hormones may produce different, but eomplementary, effeets in 
speeifie tissues and organs.These ìntegratìve effeets are important 
in eoordinating the aetivities of diverse physiologieal systems.The 
differing effeets of ealeitriol and parathyroid hormone on tissues 
involved in calcium metabolism are an example. 


Hormone 1 Hormone2 



Aetivated enzyme Aetivated enzyme 

complex 1 complex2 


Modyle 16.13 Revíew 


a. Deseribe the effeets of hormones in a negative feedbaek 
meehanism. 

b. Definesynergistieeffeet. 

e. What kind ofeffeet do hormones have ifthey produce different but 
eomplementary effeets? 


(S) 16.13 Explain how hormones interaet to produce eoordinated physiologieal responses. 
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Module 16.14 


r 


Long-term regulatíon of blood pressure, blood volume, 
and grovvth ìnvolves hormones produced by the endoeríne 
system and by endoerine tissues in other systems 


The long-term regnlation of blood pressnre and blood 
volnme involves not only the pitnitary and adrenal 
glands, but also endoerine eells in the heart and kidneys. 



The endoerine eells of the heart 
are loeated in the heart walls. 

If blood volume beeomes too great, 
these eells are stretehed excessively 
and begin to seerete natriuretic 
peptides (nà-trè'U-RET'ik; natrium, 
sodium + onresis, nrination). 
Natrinretie peptides promote the loss 
of Na+ and water by the kidneys, and 
inhibit renin release and the seeretion 
of ADH and aldosterone. They 
also snppress thirst and prevent 
antagonistie hormones from 
inereasing blood pressnre. The 
net result is a rednetion in 
both blood volume and blood 
pressnre, thereby redneing the 
stretehing of the heart walls. 



I 


e, 


Streteh reeeptors 
in the heart cause 
the release of 
natriuretic peptides 



Dilation of 
blood vessels 



Suppression of 
thirst 



Inhibition of 
antagonistie 
hormones 


Na^ and water 
loss from 
kidneys 



Deereased 
blood pressure 



Deereased 
fluid intake 




inereased 
fluid loss 




inereasing blood 
pressure and 
volume 




HOMEOSTASIS 


HOMEOSTASIS 

DISTURBED 


RESTORED 

inereasing blood 


Deereasing blood 

pressure and 


pressure and 

volume 


volume 



HOMEOSTASIS 



2 


If blood volume or blood 


Normal 

blood pressure 
and volume 


pressnre falls below the 
normal range, blood flow to the 
kidneys deereases. Endoerine 
eells in the kidneys then release a Deereasing blood ^ 


HOMEOSTASIS 

DISTURBED 

Deereasing blood 
pressure and 
volume 




HOMEOSTASIS 

RESTORED 

inereasing blood 
pressure and 
volume 


hormone, erythropoietin (EPO), 
and an enzyme, renin, that aetivates 
the renin-angiotensin-aldosterone 
system (RAAS), which in turn 
ereates a easeade of responses that 
leads to inereased fluid intake and 
fluid retention. These proeesses will 
be fnrther deseribed in Ghapters 19 
and 23. 


pressure and 
volume 







Deereasing renal 
blood flow 


and O 


2 



Erythropoietin 

released 


Renin 

released 




inereased 
fluid intake 
and retention 



Aldosterone 

seereted 


ADH seereted 



Aetivation of 


renin-angiotensin 

aldosterone 


Stimulation of 
thirst 


system 
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Normal growth requires the eooperation of many endoerine organs. Several 


hormones—GH, thyroid hormones, insulin, PTH, ealeitriol, and reprodnetive 
hormones—are espeeially important, althongh many others have seeondary effeets 
on growth. The eirenlating levels of these hormones are regnlated independently. 
Every time the hormonal mixture ehanges, metabolie operations are modified to 
some degree. The modifieations vary in dnration and intensity, prodneing unique 
growth patterns in different people. 







Insulìn 


Growing eells need 
adequate supplies 
of energy and 
nutrients. Without 
insulin, the 
passage of glucose 
and amino aeids 
aeross plasma 
membranes is 
drastieally reduced 
or eliminated. 


— 

Parathyroìd Hormone, 
ealeìtrìol, and Calcítonin 

Parathyroid hormone (PTH) 
and ealeitriol promote the 
absorption of calcium salts 
for later deposition in bone; 
ealeitonin aeeelerates the 
rate of deposition. Without 
adequate levels of both 
hormones, bones ean still 
enlarge, but they will be 
poorly mineralized, weak, 
and flexible. 




Normal growth requires appropriate 
levels of thyroid hormones. If these 
hormones are absent during fetal 
development or the first year of life, 
the nervous system will not develop 
normally, and mental retardation will 
result. If thyroid hormone levels deeline 
before puberty, normal 
skeletal development 
will not continue. 





















Newborn 


ehild (6 years) 


Adult 


Reproductìve Hormones 

The aetivity of osteoblasts 
in key loeations and the 
growth of speeifie eell 
populations are affeeted 
by the presenee or 
absenee of reproductive 
hormones (androgens 
in males, estrogens in 
females).These sex 
hormones stimulate eell 
growth and differentia- 
tion in their target tissues. 
The targets differ for 
androgens and estrogens, 
and the differential 
growth induced by eaeh 
accounts for sex-related 
differenees in skeletal 
proportions and seeond- 
ary sex eharaeteristies. 


Growth Hormone 

In ehíldren 

In Adults 

The effeets of GH on 
protein synthesis and 
cellular growth are most 
apparent in ehildren. GH 
supports their muscular 
and skeletal development. 

In adults, GH helps to maintain normal blood glucose 
eoneentrations and to mobilize lipid reserves stored 
in adipose tissue. It is not the primary hormone 
involved, however, and an adult with a GH defieieney 
but normal levels of thyroid hormones, insulin, and 
glucocorticoids will have no physiologieal problems. 


Modyle 16.14 Revíew 


a. Name the hormones seereted by the 
heart and a hormone released by the 
kidneys. 

b. Explain the aetion of renin in the 
bloodstream. 

e. Identify several hormones neeessary 
for normal growth and development. 


16.14 Describethefunctions ofthe hormones produced by the kidneys and the heart, and 
explain the roles of other endoerine organs and hormones in normal growth and development. 
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Module 16.15 



The stress response ìs a predktable response 

to any sìgnífìeant threat to homeostasis 

Any eondition—whether it is physieal or emotional—that 
threatens homeostasis is a form of stress. Many stresses are 


opposed by speeifie homeostatie adjnstments. For example, 
a drop in body temperatnre leads to shivering or ehanges 
in the pattern of blood flow, which ean restore body 
temperatnre to normal. In addition, the body has a general 
response to stress that ean oeenr while other, more speeifie 
responses are nnder way. Exposure to a wide variety of 
stress-causing faetors will prodnee the same general 
pattern of hormonal and physiologieal adjnstments. These 
responses are part of the stress response, also known 
as the general adaptation syndrome (GAS). The stress 
response is divided into three phases. 



During the alarm phase, an immediate response to the 
stress occurs.This response is direeted by the sympathetie 
division of the autonomic nervous system. In the alarm 
phase, (1) energy reserves are mobilized, mainly in the form 
of glucose, and (2) the body prepares to deal with the 
stress-causing faetor through "fight or flight" responses. 
Epinephrine is the dominant hormone of the alarm phase. 
Its seeretion is part of a generalized sympathetie aetivation. 


Brain 



Sympathetie 




Adrenal 

medulla 



General 

sympathetie 

aetivation 


Epinephrine, 

norepinephrine 


Immedìate Short-Term Responses to Críses 


inereased mental alertness 

inereased energy use by all eells 

Mobilization of glyeogen and lipid reserves 

ehanges in circulation 

Reduction in digestive aetivity and urine 

production 

inereased sweat gland seeretion 
inereased heart rate and respiratory rate 
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Resìstanee Phase 


Exhaustíon Phase 




If a stress lasts longer than a few hours, the person enters the 
resìstanee phase of the stress response. Glucocorticoids are the 
dominant hormones of the resistanee phase. Epinephrine, GH, and 
thyroid hormones are also involved. Energy demands in the resistanee 
phase remain higher than normal, due to the eombined effeets of 
these hormones. Neural tissue has a high demand for energy, and 
neurons must have a reliable supply of glucose. Glyeogen reserves are 
adequate to maintain normal glucose eoneentrations during the alarm 
phase but are nearly exhausted after several hours.The hormones of 
the resistanee phase mobilize lipids and amino aeids, thus shifting 
tissue metabolism away from glucose, so that whatever glucose 
beeomes available 
ean be used by neural 
tissues. 


Brain 


stimulation 





Long-Term Metabolìe Adjustments 

• Mobilization of remaining energy reserves: Lipids are 
released by adipose tissue; amino aeids are released by 
skeletal muscle 

• Gonservation of glucose: Peripheral tissues (except neural) 
break down lipids to obtain energy 

• inereased blood glucose eoneentrations: Liver synthesizes 
glucose from other earbohydrates, amino aeids, and lipids 

• Gonservation of salts and water, loss of and 



3 






The body's lipid 
reserves are sufficient 
to maintain the 
resistanee phase for 
a period of weeks or 
even months. Butthe 
resistanee phase 
eannot be sustained indefinitely. When the resistanee 
phase ends, homeostatie regulation breaks down and the 
exhaustìon phase begins. Dnless eorreetive aetions are 
taken almost immediately, the failure of one or more organ 
systems will prove fatal. Mineral imbalanees contribute to 
the existing problems with major systems.The production 
of aldosterone throughoutthe resistanee phase results in a 
eonservation of Na”^ at the expense of As the body's K”^ 
eontent deelines, a variety of eells—notably neurons and 
muscle fibers—begin to malfunction. Although a single 
cause (such as heart failure) may be listed as the cause of 
death, the underlying problem is the body's inability to 
sustain the endoerine and metabolie adjustments of the 
resistanee phase. 


Faetors That Can Trìgger the Exhaustion Phase 

• Exhaustion of lipid reserves and the breakdown of 
structural proteins as the body's primary energy 
source, damaging vital organs 

• infeetions that develop due to suppression of 
inflammation and of the immune response, a 
seeondary effeet of the glucocorticoids that are 
essential to the metabolie aetivities of the 
resistanee phase 

• Cardiovascular damage and eomplieations that 
are related to the ADH and aldosterone-related 
elevations in blood pressure and blood volume 

• Inability of the adrenal cortex to continue 
producing glucocorticoids, which results in a 
failure to maintain aeeeptable blood glucose 
eoneentrations 

• Failure to maintain adequate fluid and eleetrolyte 
balanee 


Modale 16.15 Revíew 


a. List the three phases ofthe stress response. 

b. Deseribe the resistanee phase. 

e. During which phase of the general adaptation 
syndrome is there a eollapse of vital systems? 


16.15 Define the general adaptation syndrome, and 
eompare homeostatie responses with stress responses. 
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Module 16.16 


CLINICAL MODULE 


+ 


r 


Overproduction or underproduction 

of hormones ean cause 
endoerine disorders 

Endoerine disorders may develop for a variety of reasons, inelnding 
abnormalities in the endoerine gland, the endoerine or nenral 
regnlatory meehanisms, or the target tissnes. For example, a hormone 
level may rise beeanse its target organs are beeoming less responsive, 
beeanse a tnmor has formed among the gland eells, or beeanse 
something has interfered with the normal feedbaek eontrol meehanism. 
When naming endoerine disorders, elinieians use the prefix hyper- 
when referring to excessive hormone production and hypo- when 
referring to inadequate hormone prodnetion. Endoerine tumors ean 
result in hyperseeretion, but its ineidenee is relatively rare. Most 
endoerine disorders are the result of problems within the endoerine 
gland that result in hyposeeretion, the prodnetion of inadequate levels 
of a particular hormone. 


eommon Causes of Hormone Hyposeeretion 



Metabolìe Faetors 


Physìeal Damage 


eongenital Dísorders 

Hyposeeretion may 
result from a 
defieieney in some 
key substance 
needed to synthesize 
the hormone. For 
example, hypo- 
thyroidism ean be 
caused by 

inadequate levels of 
iodine in the diet. 


Any eondition that 
interrupts the 
normal circulatory 
supply to endoerine 
eells orthat 
physieally damages 
those eells may 
cause them to 
beeome inaetive 
immediately or after 
an initial surge of 
hormone release. 


A person may be unable 
to produce normal 
amounts of a particular 
hormone because (1) the 
gland is too small, 

(2) the required enzymes 
are abnormal, (3) the 
reeeptors that trigger 
seeretion are relatively 
insensitive, or (4) the 
gland eells laekthe 
reeeptors normally 
involved in stimulating 
seeretory aetivity. 


Endoerine abnormalities ean also be caused by the presenee of 
abnormal hormonal reeeptors in target tissnes. In such eases, the 
gland and the regnlatory meehanisms involved are normal, but the 
peripheral eells are unable to respond to the eirenlating hormone. 
The best example of this type of abnormality is Type 2 diabetes, in 
which peripheral eells do not respond normally to insnlin. 




Aeromegaly results from the 
overproduction of growth 
hormone after the epiphyseal plates 
have fused. Bone shapes ehange and 
eartilaginons areas of the skeleton 
enlarge. Signs of aeromegaly inelnde 
broad faeial featnres and enlarged 
lower jaw. 



2 


An enlarged thyroid gland, or 
goiter, is usually assoeiated 


with thyroid hyposeeretion due to 
nntritional iodine defieieney. 



3 


Infantile hypothyroidism is a 

eongential disorder due to 


thyroid hormone defieieney. It is 
eharaeterized by mental disability, 
puffy faee, and a thiek tongue. 
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An Overvievv of Endoerine Disorders 


Hormone 

Results of Under- 
productìon or 

Tìssue Insensìtìvìty 

Prìneìpal Sìgns 
and Symptoms 

Results of Over- 
productìon or Tìssue 
Hypersensìtìvìty 

Prìneìpal Sìgns 
and Symptoms 

Growth hormone (GH) 

Pituitary growth failure 

Delayed growth, abnormal fat 
distribution, low blood glucose 
hours after a meal 

Gigantism, aeromegaly 

Excessive growth 

Antìdìuretìc hormone 
(ADH) 

Diabetes insipidus 

Polyuria, dehydration, thirst 

Syndrome of 
inappropriate ADH 
seeretion (SIADH) 

inereased body weight and 
water eontent 

Thyroxìne (T^) and 
trìiodothyronìne (T^) 

Hypothyroidism, 
infantile hypothyroidism, 
myxedema 

Low metabolie rate, low body 
temperature, impaired physieal 
and mental development 

Hyperthyroidism, 

Graves disease 

High metabolie rate and body 
temperature 

Parathyroíd hormone 
(PTH) 

Hypoparathyroidism 

Muscular weakness, 
neurological problems, 
formation of dense bones, 
tetany due to low blood ea^"^ 
eoneentrations 

Hyperparathyroidism 

Neurological, mental, and 
muscular problems due to high 
blood ea^"^ eoneentrations; 
weakand brittle bones 

lnsulín 

Diabetes mellitus 
(Type 1) 

High blood glucose, impaired 
glucose utilization, dependenee 
on lipids for energy, glycosuria 

Excess insulin production 
(also caused by adminis- 
tering too much insulin) 

Low blood glucose levels, 
possibly causing eoma 

Míneraloeortíeoids 
(IVIGs) Example: 
aldosterone 

Hypoaldosteronism 

Polyuria, low blood volume, 
high blood KL and low blood 

Na"^ eoneentrations 

Aldosteronism 

inereased body weight due to 

Na"^ and water retention, low 
blood K"^ eoneentration 

Glucocorticoids 
(GCs) Example: eortisol 

Addison's disease 

Inability to tolerate stress, 
mobilize energy reserves, or 
maintain normal blood glucose 
eoneentrations 

Cushing's disease 

Excessive breakdown of tissue 
proteins and lipid reserves, 
impaired glucose metabolism 

Epinephrine (E) and 
norepinephrine (NE) 

None identifìed 

None identifìed 

Pheoehromoeytoma 

High metabolie rate, body 
temperature, and heart rate; 
inereased blood glucose levels 

Estrogens (females) 

Hypogonadism 

Sterility, laek of seeondary sex 
eharaeteristies 

Adrenogenital syndrome 

Overproduction of androgens 
by zona reticularis of adrenal 
cortex; leads to masculinization 




Precocious puberty 

Premature sexual maturation 
and related behavioral ehanges 

Androgens (males) 

Hypogonadism 

Sterility, laek of seeondary sex 
eharaeteristies 

Adrenogenital syndrome 
(gyneeomastia) 

Abnormal production of 
estrogens, sometimes due 
to adrenal or interstitial 
eell tumors; leads to breast 
enlargement 




Precocious puberty 

Premature sexual maturation 
and related behavioral ehanges 


Addison^s 
dísease 

is caused by 
hyposeeretion of 
eortieosteroids, 
espeeially gluco- 
eortieoids. 

Pigment ehanges 
result from 
stimulation of 
melanoeytes by 
ACTH, which is similar 
in structure to MSH. 




5 


Cushing^s 

disease 


is caused by 
hyperseeretion of 
glneoeortieoids. 
Lipid reserves are 
mobilized, and 
adipose tissue 
accumulates in 
the eheeks and at 
the base of the 
neek. 



IVIodule 16.16 Revìew 


a. Define the prefixes hyper- and hypo- in 
the context of endoerine disorders. 

b. Identifythree eommon causes of 
hormone hyposeeretion. 

e. What eondition is eharaeterized by 
inereased body weight due to Na”^ and 
water retention and a low blood 
eoneentration? 


16.16 Deseribe key endoerine disorders, eiting 
their eharaeteristie signs and symptoms. 
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Labelìng 

VVrite the phrases at left in the boxes to eomplete 
the diagram of the homeostatie regulation 
of blood pressure and volume. 

• inereased fluid loss 

• erythropoietin released 

• deereased blood pressure 

• aldosterone seereted 

• suppression of thirst 

• deereasing blood pressure and volume 

• inereasing blood pressure and volume 

• renin released 

• ADH seereted 

• release of natriuretic peptides 

• Na+and H^O lossfrom kidneys 

• inereased red blood eell production 




HOMEOSTASIS 

DISTURBED 


inereasing blood 
pressure and 
volyme 


HOMEOSTASIS 

DISTURBED 


Deereasing blood 
pressure and 
volume 



Deereasing rena 
blood flow 
and Ot 



Dilation of 
blood vessels 





Inhibition of 
antagonistie 
hormones 





HOMEOSTASIS 

RESTORED 




HOMEOSTASIS 


Normal 


blood pressure 
and volume 
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¥ _j 

I 




inereased 
fluid intake 
and retention 





Aetivation of 
renin-angiotensin- 
aldosterone 
system 





10 


11 



Matehìng 


Mateh eaeh lettered term with the most elosely related deseription. 


a. sympathetie aetivation 

b. deerease blood pressure and volume 
e. PTH and ealeitonin 

d. GH and glucocorticoids 

e. inerease blood pressure and volume 

f. homeostasis threat 

g. glucocorticoids 

h. PTH and ealeitriol 

i. gigantism 

j. protein synthesis 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


Antagonistie effeet 
Resistanee phase 
Alarm phase 
Renin and EPO effeet 
Growth hormone (GH) 
Additive effeet 
Excessive GH in ehildren 
Natriuretic peptides effeet 
Stress 

Integrative effeet 


13 

14 

15 

16 

17 

18 

19 

20 
21 
22 


Seetíon ìntegratìon 

Deseribe, and give an example of, the four possible effeets that may occur when a eell reeeives instructions from two different hormones. 
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GHAPTER 16 REVIEVV • The Endoerìne System 



Study Outlìne 


SEGTION 1 • Hormones and lntercellular Communìcatìon 



The nervous and endoerìne systems release ehemìeal 
messengers that bìnd to target eells p. 587 


1. Cells communicate in a variety of ways inclucling through 
gap junctions, extracellular fluicl (by paraerìne faetors), 
the bloodstream (by hormones), or aeross synapses (by 
neurotransmitters). 

2. The nervous and endoerine systems both rely on the 
release of ehemieals that bind to reeeptors on target 
eells, share many ehemieal messengers, are regulated 
by negative feedbaek meehanisms, and preserve 
homeostasis. 


16.2 


Hormones may be amìno 
lìpìd derìvatìves p. 588 

3. Hormonesand 
paraerine faetors ean 
be grouped as amìno 
aeíd derìvatíves, 
peptíde hormones, 
and lípìd derívatives. 

4. Amino aeid derivatives 
include thyroid 
hormones and 

eateeholamìnes. 


5. Peptide hormones 
are synthesized as 

prohormones that are 
eonverted to aetive 
hormones. 


6. Lipid derivatives are 
built from either fatty 
aeids (eìeosanoíds) or 
eholesterol (steroìd 
hormones). 


aeìd derìvatìves, peptìdes, or 



7. The endoerìne system organs include the hypothalamus, 
pìtuìtary gland, thyroíd gland, adrenal glands, 
panereas (panereatìe íslets), pìneal gland, and 
parathyroìd glands. 

8. Organs with seeondary endoerine functions are the heart, 
thymus, digestive traet, kidneys, and gonads. 



Hormones affeet target eells after bìndìng to reeeptors ìn 
the plasma membrane, eytoplasm, or nucleus p. 590 


9. Eaeh eell has reeeptors for different hormones. Cells in 
different tissues have different eombinations of reeeptors. 


10. A hormone binding to plasma membrane reeeptors does 
not have a direet effeet on cellular aetivities.This hormone, 

or first messenger, requires a seeond messenger. 


11. The two most important seeond messengers are eyelíe 
AMP (cAMP), and calcium ions (Ca2+). 


12. Steroid hormones diffuse aeross the plasma membrane 
and bind to reeeptors in the eytoplasm or nucleus. 

13. Thyroid hormones are transported aeross the plasma 
membrane by earrier-mediated proeesses. 


16.4] 


The hypothalamus exerts dìreet or ìndìreet eontrol over 
the aetìvìtìes of many dìfferent endoerìne organs p. 592 



14. The hypothalamus regulates the nervous and endoerine 
systems through three meehanisms: synthesizing 

antídìuretíc 
hormone (ADH) 
and oxytocín 
(OXT) and 
transporting 
them to the 
posterior lobe 
of the pituitary; 
seereting 
regulatory 
hormones that 
eontrol endoerine 
eells in the The 

anterior lobe hypothalamus 

of the pituitary 

gland; and 
eontrolling the 
endoerine eells 
of the adrenal 
medullae. 

15. The hypophyseal 
portal system 

ensures that 
hypothalamie 
hormones reaeh 
their target eells in the anterior lobe of the pituitary gland 
before being diluted by the general circulation. 


16. Hypothalamie regulatory hormones ean be either 
a releasìng hormone or an ìnhìbìtìng hormone. 

Individually or in eombination, these hormones eontrol 
endoerine eells in the anterior lobe of the pituitary gland. 



The pìtuìtary gland eonsísts of an anteríor lobe and a 
posterìor lobe p. 594 


17. The pítuìtary gland is eonneeted to the hypothalamus by 
the ínfundìbulum and lies within the sella turcica of the 
sphenoid bone. 

18. The pituitary gland releases nine hormones: seven from 

the anterìor lobe of the pìtuìtary (adenohypophysís), 
two from the posteríor lobe of the pìtuìtary 
(neurohypophysìs). 

19. The hormones of the anterior lobe of the pituitary 

are thyroìd-stímulatíng hormone (TSH), 
adrenoeortìeotropíe hormone (ACTH), follìele- 
stìmulatìng hormone (FSH), luteìnìzìng hormone (LH), 
growth hormone (GH), prolaetín (PRL), and melanoeyte- 
stìmulatìng hormone (MSH). 

20. The hormones of the posterior lobe of the pituitary are 

antídìuretíc hormone (ADH), or vasopressìn, and 
oxytocín (OXT). 


16.6] 


Negatìve feedbaek meehanìsms eontrol the seeretìon rates 
of the hypothalamus and the pìtuìtary gland p. 596 


21. Hormone seeretion is eontrolled through negative 
feedbaek. 
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GHAPTER 16 REVIEVV • The Endoerìne System (continued) 


22. The hypothalamus produces a releasing hormone (or 
faetor) that triggers the release of a hormone from the 
anterior lobe of the pituitary gland. 

23. The pituitary hormone stimulates the release of a seeond 
hormone by the target.This seeond hormone suppresses 
seeretion of the hypothalamie and pituitary hormones. 



The thyroìd gland eontaìns follìeles and requìres ìodìne to 
produce hormones that stìmulate tìssue metabolìsm p. 598 


24. The thyroìd gland is loeated inferior to the thyroid 
eartilage.The ísthmus eonneets its two lobes. 



25. The thyroid gland eontains thyroíd follìeles that produce 
thyroglobulín, which is used to make thyroid hormones. 

26. Thyroid hormonesare produced by the following proeess: 
iodine ions are absorbed from the diet and delivered to 
the thyroid gland by the bloodstream, iodine ions diffuse 
to the apieal surface of eaeh folliele eell and are eonverted 
to iodine atoms, thyroglobulin produces the thyroid 
hormones thyroxìne (T^) and tríìodothyronìne (T^), 
thyroglobulin is removed from a folliele eavity and reeyeled, 
T 3 and T 4 diffuse into the bloodstream, where the majority 
of thyroid hormones are bound to thyroid-bíndìng 
globulíns (TBGs). 

27. The effeets of thyroid hormones on peripheral tissues 
include inereased oxygen and energy consumption, 
inereased heart rate and foree of eontraetion, inereased 
blood pressure, inereased sensitivity to sympathetie 
stimulation, stimulation of red blood eell formation, 
inereased aetivity of other endoerine tissues, and 
aeeelerated turnover of bone minerals. 


16.8] 


Parathyroìd hormone, produced by the parathyroìd 
glands, ìs the prìmary regulator of blood calcìum ìon levels 

p. 600 


28. Two pairs of parathyroíd glands are loeated on the 
posterior surface of the thyroid gland. 

29. Parathyroid eells produce parathyroid hormone and 
monitorthe circulating eoneentration of calcium ions. 

30. When Ca2+ deereases below normal, the parathyroid 
eells seerete parathyroíd hormone (PTH), resulting in 
inereased Ca 2 + eoneentration in body fluids. 


31. PTH functions by inhibiting osteoblasts, inereasing 
osteoelast number, enhaneing Ca 2 + reabsorption in the 
kidneys, and stimulating formation and release of ealeitriol 
from the kidney that helps with calcium reabsorption by 
the intestinal traet. 


16.9] 


The adrenal glands produce hormones ìnvolved ìn 
metabolìe regulatìon p. 602 


32. An adrenal gland, or suprarenal gland, sits atop eaeh 
kidney. 

33. The adrenal cortex releases more than two dozen steroid 
hormones ealled eortieosteroids.These hormones 
determine which genes are transeribed in the nuclei of 
their target eells, and affeet cellular metabolism. 

34. The adrenal medulla synthesizes epinephrine and 
norepinephrine. 


16.10 


W 


The panereatìe ìslets seerete ìnsulìn and glucagon and 
regulate glucose use by most eells p. 604 


35. The panereas is retroperitoneal and lies in the loop 
between the inferior border of the stomaeh and the 
proximal small intestine. 

36. The exocrine panereas is approximately 99 pereent of the 
organ's volume. It seeretes an alkaline, enzyme-rieh fluid 
into the intestinal traet through panereatie ducts. 

37. The endoerine panereas eonsists of small groups of 
endoerine eell clusters ealled panereatie isiets, or islets of 
Langerhans. 

38. Panereatie islets eontain alpha eells that produce the 
hormone glucagon (which raises blood glucose), and beta 
eells that produce the hormone insulin (which lowers 
blood glucose). 

39. Delta eells produce growth hormone-inhibiting hormone, 

and F eells produce the hormone panereatie polypeptide 

(PP). 


16.11 ] 


The pìneal gland of the eplthalamus seeretes melatonln 

p. 606 


40. The pineal gland lies in the posterior portion of the roof of 
the third ventriele in the brain. 


41. Its pinealoeytes seerete melatonin, which functions to 
inhibit reproductive functions, proteet against damage by 

free radieals, and set basie eireadian rhythms. 


16.12 


Dlabetes mellitus ìs an endoerìne 
dìsorder eharaeterìzed by 
excessìvely hìgh blood glucose 
levels p. 607 

42. Diabetes mellitus is 

eharaeterized by high blood 
glucose eoneentration 

(hyperglyeemia), glucose 
in the urine (glycosuria), 
and excessive urine volume 

(polyuria). 

Type 1 diabetes is 

eharaeterized byinadequate 
insulin production by the 
panereatie beta eells, and 
requires those who have it to 
reeeive insulin by injeetion or 
pump. 
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44. Type 2 dìabetes is the most eommon form of diabetes 
mellitus, and is the result of insulin resistanee. It is 
assoeiated with obesity. 


16.15 


r 


The stress response ìs a predìetable response to any 
sìgnìfìeant threat to homeostasìs p. 612 


45. eiinieal problems caused by diabetes include blindness 
from dìabetìe retínopathy, heart attaekfrom eardiae 
circulation bloekage, kidney damage from dìabetìe 
nephropathy, problems with peripheral nerves from 
díabetíe neuropathy, and a reduction in peripheral blood 
flow that ean lead to foot amputation. 


SEGTION 2 • Hormonesand System Integratìon 


16.13 


r 


Hormones ìnteraet to produce eoordìnated physìologìeal 
responses p. 609 


46. Cells never respond to only one hormone; they respond to 
multiple hormones simultaneously. 

47. When a eell reeeives instructions from multiple hormones, 
there are four possible outcomes: antagonístìe effeets, 
permìssíve effeets, addìtìve (synergìstìe) effeets, or 
ìntegratíve effeets. 


16.14 


r 


Long-term regulatlon of blood pressure, blood volume, 
and growth Involves hormones produced by the endoerlne 
system and by endoerlne tlssues In other systems p. 610 


48. Blood pressure and volume are regulated not only by the 
pituitary gland and adrenal glands, but also by endoerine 
eells in the heart and kidney. 

49. If blood volume is too high, the endoerine eells loeated in 
the heart walls seerete natrìuretìc peptídes. The result 

is a deerease in blood volume and pressure by the loss of 
water and Na+ at the kidneys, an inhibition of renin release, 
and the seeretion of ADH and aldosterone. 


50. If blood pressure or volume is too low, blood flow to the 
kidney deereases, endoerine eells in the kidney release 
the hormone erythropoìetín, and the enzyme renin that 
aetivates the renìn-angìotensìn-aldosterone system 
(RAAS) .This aetion results in a series of responses that 
inerease fluid intake and retention. 


51. Normal growth is regulated by hormones including 

insulin, parathyroid hormone, ealeitriol, ealeitonin, thyroid 
hormones, reproductive hormones, and growth hormone. 


52. Stress is a physieal or emotional eondition that threatens 
homeostasis. 

53. Stress-causing faetors produce a pattern of responses 
ealled the stress response, or the general adaptation 
syndrome (GAS). 

54. The three phases of the stress response are the alarm 
phase ("fight or flight"), the resìstanee phase, and the 
exhaustíon phase. 



16.16 


r 


Overproductìon or underproductìon of hormones ean 
cause endoerìne dìsorders p. 614 


55. Endoerine disorders may develop for a variety of reasons, 
including abnormalities of the endoerine gland, regulatory 
meehanisms, or the target tissues. 

56. Endoerine disorders named with the prefix hyper- referto 
excessive hormone production, or hyperseeretìon. 

57. Endoerine disorders named with the prefix hypo- refer to 
inadequate hormone production, or hyposeeretìon. 


ehapter Revíew Questíons 


True/False 

indieate whether eaeh statement is true or false. 





Intercellular communication through extracellular fluid is 
aehieved by paraerine faetors. 

Gateeholamines are lipid derivative hormones. 

Hormones that bind to reeeptors in the plasma membrane 
require a seeond messenger. 

Rising levels of blood calcium cause the parathyroid glands 
to seerete PTH. 



People with Type 2 diabetes must reeeive insulin daily by 
injeetion orthrough an insulin pump. 
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GHAPTER 16 REVIEVV • The Endoerìne System (continued) 


FílMn 


Hypothalamus 


Identify the seven regulatory hormones of the hypothalamus. 


6 


7 


8 


9 


10 


11 


12 










Osmoreeeptor 

stimulation 


Sensory 

stimulation 


Fill in the boxes with the names 
of the missing hormones. 



Adrenal 

glands 


14 


Thyroid 

gland 


16 


Anterior lobe of 
pituitary gland 



Posterior lobe 
of pituitary gland 




17 




28 



15 



Liver 




r 



20 


27 


19 


18 




Bone, muscle, 
othertissues 




Kidneys 



Mammary 

glands 


Ovaries 
of female 




Males: Smooth 
muscle in ductus 
deferens and 
prostate gland 


Females: Dterine 
smooth muscle and 
mammary glands 


Testes 
of male 



Melanoeytes (uncertain 
signifieanee in healthy 


22 


23 



24 


25 


26 


IVIultíple ehoìee 


Seleet the eorreet answer from the list provided. 



Seeretions from the panereatie islets are 

Q a) glucagon from delta eells and insulin from beta eells. 
Q b) glucagon from alpha eells and insulin from beta eells. 
Q e) glucagon from beta eells and insulin from alpha eells. 
d) glucagon from beta eells and insulin from delta eells. 



The pineal gland seeretes 

Q a) eortieosteroids. 

Q b) thyroxine. 

Q e) melanocyte-stimulating hormone. 
Q d) melatonin. 



The two most important seeond messengers are 

Q a) cAMP and G proteins. 

Q b) G proteins and calcium ions. 

Q e) eateeholamines and eieosanoids. 

Q d) cAMP and calcium ions. 



FSH production in males supports 

Q a) physieal maturation of developing sperm. 
Q b) development of muscle size. 

Q e) the release of androgens. 

Q d) an inereased desire for sexual aetivity. 
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Which of the follovving is not an effeet of thyroid hormones on 
peripheral tissues? 

Q a) inereased rates of oxygen consumption and energy 
Q b) Deereased heart rate 
Q e) Aeeelerated turnover of minerals in bone 
Q d) inereased sensitivity to sympathetie stimulation 


Short answer 



What are the functions of the kidney hormones? 




MasteringA&P® 

Aeeess more ehapter study tools online in the MasteringA&P Study Area: 

■ ehapter Quízzes, Ghapter Praetiee Test, Art-labeling Aetivities, 
Anímatíons, MP3 Tutor Sessions, and Glíníeal Case Studies 


Steroid hormones bind to reeeptors in the 


Q a) plasma membrane only. 

Q b) plasma membrane or eytoplasm. 
Q e) plasma membrane or nucleus. 

Q d) eytoplasm or nucleus. 


What effeets do ealeitonin and parathyroid hormone have on blood 
calcium levels? 

■ Praetiee Anatomy Lab 

PAi: 

■ interaetive Physiology 

ip. 

■ A&P Flíx 

AáPFlJje 

■ PhysioEx 

PhysioEx 


ehapter Integratíon • Applyíng what you have learned 


What's vvrong wíth me? 

Sherry, a 43-year-olel mother of two, has been experiencing some 
slightly tronblesome physieal and mental problems that began abont 
8 months ago. She had been a physieally fit 120-lb person with a 
bright, happy, and eheerfnl disposition all her adnlt life. Within 
the past few months, however, her hnsband has repeatedly eommented 
abont her overreaetions to otherwise normal family sitnations, and 
that she seemed irritated by the slightest problems. She has also lost 
a eonsiderable amonnt of weight, even thongh her diet and exercise 
levels havent ehanged. Beeanse Sherry just wasnt feeling “right,” 
she deeided to make an appointment with her family physieian. 

Sherry tells her physieian that she has been restless, 
anxious, and quite irritable lately. She is having a hard time 
sleeping, eomplains of diarrhea and weight loss, and has an 
inereased appetite without weight gain. Visual examination 
of her neek reveals an enlargement of the right anterior neek. 

During the examination, her physieian notiees a higher-than- 
normal heart rate and a fine tremor in her ontstretehed 
fingers. Althongh fnrther elinieal tests are neeessary, the 
doetor snspeets hyperthyroidism. 






Why did the physieian suspect hyperthyroidism? 

Explain hyperthyroidism. 

What tests could the physieian order to make 
a positive díagnosis of Sherry's eondition? 

Which of Sherry's signs and symptoms indieate 
nervous system involvement? 
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LEARNING OUTCOMES 


These Learning 
Onteomes 
eorrespond 
bynnmberto 
this ehapter's 
modnles and 
indieate what 
you should be 
able to do after 
eompleting 
the ehapter. 

V J 


(S) 

Learning Onteomes 
arerepeated atthe 
bottomofeaeh 
module. 


SEGTION 1 


Plasma and Formed Elements 


17.1 

_ À 



List the eomponents of the cardiovascular system, and deseribe several important 
functions of blood. 

Deseribe the important eomponents and major properties of blood. 

Explain the origins and differentiation of the formed elements. 


^SECTION2 


Structure and Functìon of Formed Elements 


17.4 

_ À 


17.5 

_ À 



17.9 

_ À 


17.10 

_ À 


17.11 

_ À 


Define hematology, deseribe the elements of a eomplete blood count (CBC), and give 
examples of red blood eell lab tests. 

List the eharaeteristies and functions of red blood eells, and deseribe the structure and 
functions of hemoglobin. 

Deseribe how the eomponents of aged or damaged red blood eells are reeyeled. 

Explain the importanee of blood typing and the basis for ABO and Rh ineompatibilities. 

Q CLINICALMODULE Deseribe hemolytie disease of the newborn, explain the elinieal 
signifieanee of the eross-reaetion between fetal and maternal blood types, and eite 
preventive measures. 

eategorize the various types of white blood eells on the basis of their structures and 
functions. 




Discuss the meehanisms that eontrol blood loss after 
an injury, and deseribe the reaetion sequences 
responsible for blood elotting. 

CLINICALMODULE Explain how blood disorders 


are deteeted, and deseribe examples of the various 
eategories of blood disorders. 
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Module17.1 


SEGTION 1 • Plasma and Formed Elements 



Blood ìs the fluid portìon of 
the cardíovascular system 


The cardiovascular system includes a fluid (blood), a series of 
conducting tubes (the blood vessels) that distribute the fluid through- 
out the body, and a pump (the heart) that keeps the fluid in motion. 



eomponents of the Cardiovascular System 


The HEART propels blood and maintains blood pressure 


BLOOD VESSELS distribute blood around the body 

Arterìes earry blood away from the heart to the eapillaries 
eapìllarìes permit diffusion between blood and 


Veìns 


interstitial fluids 

return blood from eapillaries to the heart 


BLOOD distributes oxygen, earbon dioxide, and 
blood eells; delivers nutrients and hormones; 
transports waste products; and assists in temperature 
regulation and defense against disease. 


Functions of Blood 


Transport Dissolved Gases, Nutrients, Hormones, and Metabolie Wastes. Blood 
earries oxygen from the lungs to peripheral tissues, and earbon dioxide from those 
tissues to the lungs. Blood distributes nutrients absorbed by the digestive traet or 
released from storage in adipose tissue or in the liver. It earries hormones from 
endoerine glands toward their target eells. It also absorbs the wastes produced by 
tissue eells and earries them to the kidneys for excretion. 



Heart 


Gapillaries 


Artery 

Vein 


• Regulatethe pH and lon Composition of Interstítíal Fluíds. Diffusion between 
interstitial fluids and blood eliminates loeal defieieneies or excesses of ions such as 
calcium or potassium. Blood also absorbs and neutralizes aeids generated by aetive 
tissues, such as laetie aeid produced by skeletal muscles. 

• Restriet Fluid Losses at lnjury Sites. Blood eontains enzymes and other substances 
that respond to breaks in vessel walls by initiating the elotting proeess. 

A blood elot aets as a temporary pateh that prevents further blood loss. 


This seetion deseribes the vital roles of 
blood and introdnees its two main 
eomponents: plasma and formed 
elements. In Seetion 2, we will examine 
the strnetnre and fnnetion of the formed 
elements. 


• Defend againstToxins and Pathogens. Blood transports white blood eells, speeial- 
ized eells that migrate into peripheral tissues to fight infeetions or remove debris. 
Blood also transports antibodies, proteins that speeifieally attaek invading organisms 
orforeign substances. 

• Stabilize Body Temperature. Blood absorbs the heat generated by aetive skeletal 
muscles and redistributes it to other tissues. If body temperature is already high, that 
heat will be lost aeross thesurface oftheskin. If body temperature istoo low, the 
warm blood is direeted to the brain and to other temperature-sensitive organs. 


l\/lodule17.1 Revìew 


a. identifytheeomponentsofthe 
cardiovascular system. 

b. List three types ofblood vessels, and 
identify their functions. 

e. Whatarethefunctionsof blood? 


(S> 17.1 List the eomponents of the cardiovascular system, and deseribe several important functions of blood. 
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Module 17.2 


r 


Blood ìs a fluíd eonneetive 
tíssue eontainíng plasma 
and formed elements 


Blood is a fluid eonneetive tissue with a unique 
eomposition. It eonsists of plasma (PLAZ-muh), a 
liquid matrix, and formed elements (eells and eell 
fragments). The eardiovasenlar system of an adult 
male eontains 5-6 liters (5.3-6.4 quarts) of blood; 
that of an adult female eontains 4-5 liters (4.2-5.3 
quarts). The differenee in blood volume between 
the sexes is due to differenees in average body size. 
After blood is removed for analysis or storage, 
the term whole blood is used to indieate that the 
blood eomposition has not been altered. The 
eomponents of whole blood ean, however, be 
separated, or fraetionated, if only one eomponent 
is of interest. 




Plasma forms 55 pereent of the volume of whole blood. 

In many respeets, the eomposition of plasma resembles 
that of interstitial fluid. This similarity exists beeanse water, ions, 
and small solutes are continuously exchanged between plasma 
and interstitial fluids aeross the walls of eapillaries. The primary 
differenees between plasma and interstitial fluid involve (1) the 
levels of respiratory gases (oxygen and earbon dioxide), due to 
the respiratory aetivities of tissue eells, and (2) the eoneentra- 
tions and types of dissolved proteins (beeanse plasma proteins 
eannot eross eapillary walls). 



PLASMA eOMPOSITION 


Plasma proteins 

7% 

1 

Other solutes 

1 % 


VVater 

92% 



Transports organie and 
inorganie nnolecules, 
formed elements, and heat 


Whole 

blood 



Propertìes of Whole Blood 

• Blood temperature is about 38°C 
(100.4° F), slightly above normal 
body temperature. 



Plasma 

55% 

(range: 46-63%) 


The hematoerìt (he-MAT-ó-krit) is the pereentage 
of formed elements in a sample of whole blood. 
Red blood eells make up 99.9% of these formed 
elements. In adult males, the normal hematoerit, 
or paeked eell volume (PCV), averages 47 (range: 
40-54); the average for adult females is 42 (range: 
37-47).The differenee in hematoerit between the 
sexes primarily refleets the faet that androgens 
(male hormones) stimulate red blood eell produc- 
tion, whereas estrogens (female hormones) do not. 




FORMED ELEMENTS 


Platelets <.1% 



VVhite blood eells < .1 % 




Red blood eells 99.9% 




• Blood is five times as viscous as 
water—that is, five times as resistant 
to flow. Blood's high viseosity results 
from interaetions among dissolved 
proteins, formed elements, and 
water molecules in the plasma. 



Formed elements are blood eells and eell 
fragments snspended in plasma. They make 
pereent of the volume of whole blood. 


• Blood is slightly alkaline, with a pH 
between 7.35 and 7.45 (average: 7.4). 
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Plasma Proteìns 




Plasma proteins are in solution rather 
than forming insoluble fibers like those in 
other eonneetive tissues, such as loose 
eonneetive tissue or eartilage. On average, 
eaeh 100 mL of plasma eontains 7.6 g of 
protein, almost five times the eoneentra- 
tion in interstitial fluid.The large size and 
globular shapes of most blood proteins 
usually prevent them from leaving the 
bloodstream.The liver synthesizes and 
releases more than 90 pereent of all 
plasma proteins. 


Albumíns (al-BU-minz) make up about 60 pereent of the plasma proteins. As the most 
abundant plasma proteins, they are major contributors to the osmotie pressure of 
plasma. 

Globulíns (GLOB-u-linz) make up approximately 35 pereent of the proteins in plasma. 
Important plasma globulins include antibodies and transport globulins. Antibodies, also 
ealled ímmunoglobulíns (i-mu-nó-GLOB-u-linz), attaekforeign proteins and pathogens. 
Transport globulìns bind small ions, hormones, lipids, and other compounds. 

Fìbrìnogen (fi-BRIN-ó-jen) functions in elotting and normally makes up about 4 pereent of 
plasma proteins. Under eertain eonditions, fibrinogen molecules interaet to form large, 
insoluble strands offibrin (Fì-brin) thatform the basie framevvorkfor a blood elot. 


The plasma also eontains aetive and inaetive enzymes and hormones vvhose eoneentrations 
vary vvidely. 


Other Solutes 

Other solutes are generally present in 
plasma in eoneentrations similar to 
interstitial fluid. Hovvever, differenees in 
the eoneentrations of nutrients and 
vvastes ean exist betvveen arterial blood 
and venous blood. 

Eleetrolytes: Normal extracellular ion eomposition is essential for vital cellular aetivities. 
The major plasma eleetrolytes are Na+ K+, Ca^+ Mg^+, Cl“, HeO^", HPO^", and SO^^". 

Organìe nutrìents: Organie nutrients are used for ATP production, grovvth, and eell 
maintenanee.This eategory includes lipids (fatty aeids, eholesterol, and glyeerides), 
earbohydrates (primarily glucose), and amino aeids. 


Organìe wastes: VVastes are earried to sites for breakdovvn or excretion. Examples of 
organie vvastes include urea, uric aeid, ereatinine, bilirubin, and ammonium ions. 



Platelets 


Platelets (PLÀT-lets) are small, 
membrane-bound eell fragments that 
eontain enzymes and other substances 
important to blood elotting. 


White Blood Gells 



White blood eells (WBCs), or leuko- 
eytes (LU-kó-síts; leukos, vvhite -i- 
-eyte, eell), play a role in the body's 
defense meehanisms.There are five 
elasses of leukocytes, eaeh vvith slightly 
different functions that vvill be explored 
later in the ehapter. 


Red Blood Cells 


Red blood eells (RBCs), or erythroeytes 
(e-RITH-ró-sits; erythros, red -i- -eyfe, 
eell), are the most abundant blood eells. 
These speeialized eells are essential for 
oxygen transport in the blood. 








Neutrophils 


r 









j 














k 




Basophils 




m t . 




Lymphoeytes 


Eosinophils 


Monoeytes 


Modyle 17.2 Revìew 
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a. Identify thetvvoeomponents 
making up vvhole blood, and list the 
eomposition of eaeh. 

b. Define hematoerit. 

e. VVhieh speeifie plasma proteins vvould 
you expect to be elevated during an 
infeetion? 


17.2 Deseribe the important eomponents and major properties of blood. 
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Module17.3 


r 


Formed elements are produced 
by stem eells ín red bone marrovv 



The formed elements 
develop in red bone 
marrow in a proeess ealled 
hemopoiesis (hè-mó-poy-E- 
sis {hemO', blood + poiesis, a 
making), or hematopoiesis. 



Nutrient 

artery 



Venous 


sinuses 


Red bone 
marrow 


Hematopoìetìe stem eells 
(HSCs), also ealled hemoeyto- 
blasts, are self-renewing, 
multipotent stem eells 
found in the red bone 
marrow of adults. 

(l\/lultipotent stem 
eells ean give rise to 
more than one eell 
type. They are more 
limited than pluripotent stem 
eells, which ean give rise to all of 
the body's eell types.) HSC 
divisions produce two types of 
stem eells responsible for 
producing all formed elements. 





V 



Lymphoìd stem eells, 

which are responsible 
forthe production 
of lymphoeytes, 
originate in the red 
bone marrow. Some 
remain there, while others 
migrate to lymphoìd 
tìssues, including the 
thymus, spleen, and 
lymph nodes. As a result, 
lymphoeytes are produced 
in these organs as well as 
in the red bone marrow. 



Myeloíd Stem Cells 


Myeloìd stem eells are 

stem eells in red bone 
marrow that divide 
to give rise to all 
types of formed 
elements other than 
lymphoeytes. 



2 


The term “formed elements” is appropriate 
beeanse platelets are eell fragments, rather 


than speeialized eells. This table snmmarizes 
important information abont platelets. 


Structure and Function of Platelets 

Appearanee ín a 

Staìned Blood Smear 


Abundance (Average 
Number per pL) 

Function 

Remarks 

Platelets (PLÀT-lets) are 
flattened dises that appear 
round when viewed from 
above, and spindle-shaped 
seetion or in a blood smear. 

in 

350,000 (range: 

150,000-500,000) 

Platelets clump together 
and stiekto damaged 
vessel walls, and they 
release ehemieals that 
stimulate blood elotting. 

Platelets are continuously 
replaeed. Eaeh platelet 
circulates for 9-12 days before 
being removed by phago- 
eytes, mainly in the spleen. 
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Blast Cells 


FORMED ELEMENTS 
OF BLOOD 


Basophil 


Lymphoblast 


Prolymphoeyte 


Lymphoeyte 


Neutrophil 


Eosinophil 


Monoeyte 


Monoblast 


Promonoeyte 


Colony-stìmulatìng 
faetors are hormones 
released by aetivated 
lymphoeytes and other 
eells during an immune 
response to stimulate 
blood eell formation. 


Progenitor Cells 


Myeloeytes 


Band Cells 




Megakaryoeytes (meg-a-KAR-è-ó-síts; mega-, big -i- 
karyon, nucleus -i- -eyte, eell) are enormous eells (up 
to 160 pm in diameter) with large nuclei. During 
their development and growth, megakaryoeytes 
manufacture structural proteins, enzymes, and 
membranes before shedding eytoplasm in small, 
membrane-enelosed paekets.These paekets are the 
platelets that enter the bloodstream. 




Proerythroblast 







Erythroblast stages 


Reticulocyte 


Erythroeyte 


Erythropoìetìn (EPO) is released into the plasma when peripheral tissues, 
espeeially the kidneys, are exposed to low oxygen eoneentrations.The state of 
low tissue oxygen levels is ealled hypoxìa (hí-POKS-è-uh; hypo-, below -i- oxy-, 
presenee of oxygen). Erythropoietin is released (1) during anemia; (2) when 
blood flow to the kidneys deelines; (3) when the oxygen eontent of air in the 
lungs deelines, due to disease or high altitude; and (4) when the respiratory 
surfaces of the lungs are damaged. Onee in the bloodstream, EPO is earried to 
areas of red bone marrow, where it stimulates stem eells and developing RBCs. 


l\/lodule 17.3 Revìew 


a. Define hematopoietiestem eell. 

b. Deseribe platelets and their origin. 

e. eomparethetypesofeellsthat 

lymphoid stem eells and myeloid stem 
eells produce. 


17.3 Explain the origins and differentiation of the formed elements. 
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Matehíng 

Use the lettered terms below to fill in the blanks in the diagram. 

a. eleetrolytes 

b. globulins 
e. 99.9% 

d. oxygen transport 

e. eell fragments 

f. 7% 

g. fibrinogen 

h. defense meehanisms 

i. organie nutrients 

j. 92% 

k. organie wastes 

l. 1% 

m. <.1% 

n. <.1% 

o. albumins 




Whole 

blood 


[ eonsìsts of 



+ 









FORMED ELEMENTS 


PLASMA eOMPOSITION 

Plasma proteins 

p- 

1 


Other solutes 

2 


VVater 

3 

1 




Platelets 

VVhite blood eells 


10 


11 




J 



Red blood eells 




Plasma Proteìns 



make up about 60 pereent of the 
plasma proteins. As the most abundant plasma proteins, 
they are major contributors to the osmotie pressure of 
plasma. 



make up approximately 35 pereent 


of the proteins in plasma. 



]functions in elotting and normally 


makes up about 4 pereent of plasma proteins. 


Other Solutes 



The major plasma 
IVlg2+, C|- HCO,- HPO,- and SO/-. 


are Na+, K+, Ca^+, 



are used for ATP production. 


growth, and maintenanee of eells. 



are earried to sites for breakdown or 


excretion. 


Platelets 


Platelets are small, 
membrane-bound 




13 


that 





jf 





eontain enzymes and 
other substances impor- 
tant to blood elotting. 


Whìte Blood Cells 


VVhite blood eells play 
a role in the body's 


14 



% 


Red Blood Cells 


Red blood eells are 
essential for 


15 


in the blood. 
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Module17.4 


SECTION 2 • Structureand Functìon of Formed Elements 




Hematology is the study of 
blood and blood-forming tissues 

Hematology (hè-muh-TOL-ó-jè) is the study of blood, blood-forming tissues, 
and blood disorders. It is important as a braneh of seienee because much ean 
be learned about a person’s health by evaluating blood. Blood provides a 
readily aeeessible medium for diagnosing and treating disease. Blood tests ean 
deteet disorders such as anemia, infeetion, and elotting disorders. 


eomplete Blood Count (CBC) 

Hematoerit: 42% 
Hemoglobín: 14.9 g/dL 
IVICH: 30 Mg/RBC 
MeV: 90 nnnVeell 
Platelet count: 350,000/nnnn3 
RBC: 5.2 million/ML 
WBC: 7000/mL 



Sinee blood eonrses through nearly every tissue of the body, dyserasias (dis-KRÀ-zè-uz) 
or blood disorders, ean have systemie effeets. Blood tests are used for many reasons. 
Some are simple, such as determining blood type; others are done to evalnate the types and 
nnmbers of RBCs, WBCs, and platelets. One test eommonly performed is a eomplete blood 
count (CBC). A CBC determines the RBC count, WBC count, erythroeyte indiees (such as 
hemoglobin eontent), hematoerit, and the platelet count in 1 cubic millimeter of blood 
(1 mieroliter, pL). A differential count identifies the types and nnmbers for eaeh white blood 
eell. Blood elotting tests and bleeding time give information on blood eoagnlation (Module 
17.10). Abnormal values may indieate nnderlying medieal eonditions. At right is a vial of 
whole blood and a representative medieal report showing a eomplete blood count. 


WBC dìfferentìal count: 

Neutrophils: 

67% 

Lymphoeytes: 

25% 

Monoeytes: 

3% 

Eosinophils: 

4% 

Basophils: 

1% 





2 


Several eommon tests focus on RBCs and assess the number, size, shape, and matnrity 
of eirenlating RBCs, indieating the erythropoietie aetivities under way (Module 


17.6). The tests ean also be useful in deteeting problems, such as internal bleeding, 
that may not prodnee obvions signs or symptoms. The table below lists examples 
of important RBC tests and terms assoeiated with abnormal values. 


RBGTests and Related Terminology 



Test 

Determìnes 

Terms Assoeìated wìth Abnormal Values 



Elevated 

Depressed 

Hematoerít (Het) 

Pereentage of formed elements in whole blood 
Normal = 37-54% 

Polyeythemia 

Anemia 

Hemoglobin eoneentratìon 
(Hb, Hgb) 

eoneentration of hemoglobin in blood 

Normal = 12-18 g/dL 

Polyeythemia 

Anemia 

Mean corpuscular hemoglobìn 
eoneentratìon (MGH) 

Average weight of Hb in one RBC 

Normal = 27-34 Mg/RBC (normoehromie) 

Hyperehromie 

Hypoehromie 

Mean corpuscular volume 
(MCV) 

Average volume of one RBC 

Normal = 82-101 MnnVeell (normoeytie) 

Maeroeytie 

Mieroeytie 

RBC count 

Number of RBCs per pL of whole blood 

Normal = 4.2-6.3 million eells/ML 

Erythroeytosis/Polyeythemia 

Anemia 

Retìculocyte count (Retìe.) 

Pereentage of circulating reticulocytes 

Normal = 0.8% 

Reticulocytosis 

Diminished 

erythropoiesis 


This seetion examines the structure and 
fnnetion of the formed elements of blood, 
hemostasis (how bleeding is stopped), 
and varions blood disorders. 


Modyle 17.4 Revìew 


a. What is hematology? 

b. Deseribe a eomplete blood count (CBC). 

e. Which eondition would a patient have ifshe had a 
depressed hematoerit level? 


17.4 Define hematology, deseribe the elements of a eomplete 
blood count (CBC), and give examples of red blood eell lab tests. 
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Module17.5 


r 


Red blood eells, the most eommon 
formed elements, eontaín hemoglobìn 



The human body eontains an enormous number of red blood eells (RBCs). A standard 
blood test—the red blood eell count —reports the number of RBCs per mieroliter 
(pL) of whole blood. In adult males, 1 pL, or 1 cubic millimeter (mm^), of whole blood 
eontains 4.5-6.3 million RBCs; in adult females, 1 pL eontains 4.2-5.5 million. A single drop 
of whole blood eontains approximately 260 million RBCs, and the blood of an average adult 
has 25 trillion RBCs. RBCs thus account for roughly one-third of all eells in the human body. 


oò •Ýo^o 


Staìned blood smear 


•oo 


LM X 450 




The unusual shape of a red blood eell is important 
for the three reasons detailed in this table. 


2 


Eaeh RBC is a bieoneave 
a thin eentral region and 


outer margin. 


dise with 
a thieker 


7.2-8.4 pm 



Functional Aspeets of Red Blood Gells 


• Large surface area-to-volume ratio. Eaeh RBC 
earries oxygen bound to hemoglobin, an intracellular 
protein, and that oxygen must be absorbed or 
released quickly as the RBC passes through the 
eapillaries.The greater the surface area per unit 
volume, the faster the exchange between the RBC's 
interior and the surrounding plasma.The total surface 
area of all the RBCs in the blood of a typieal adult is 
about 3800 square meters, roughly 2000 times the 
total surface area of the body. 

• RBCs ean form staeks. Like dinner plates, RBCs ean 
form staeks that ease the flow through narrow blood 
vessels. An entire staek ean pass along a blood vessel 
only slightly larger than the diameter of a single RBC, 
whereas individual eells would bump the walls, bang 
together, and form logjams that could restriet or 
prevent blood flow. 

• Flexìbìlìty. Red blood eells are very flexible and ean 
bend and flex when entering small eapillaries and 
branehes. By ehanging shape, individual RBCs ean 
squeeze through eapillaries as narrow as 4 pm. 








Staeks of RBCs 
known as rouleaux 
(rO-LÒ) form and 
dissoeiate repeatedly 
without affeeting the 
eells involved. 


Blood vessels (viewed 
in longitudinal seetion) 


Nucleus of endothelial eell 


Red blood eell (RBC) 


Seetìonal vìewof eapìllarìes LM X 1430 
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A red blood eell is very different from the “typieal eeH” we disenssed in Ghapter 3. 
As our RBCs develop, they lose most of their organelles, including nuclei; 


they retain only the eytoskeleton. Beeanse mature RBCs laek nuclei, a eondition 
ealled anucleate, and also laek ribosomes, they eannot divide or synthesize structural 
proteins or enzymes. As a result, RBCs eannot repair themselves, and their life span 
is normally less than 120 days. In effeet, a developing RBC loses any organelle 
not direetly assoeiated with this primary fnnetion: the transport of 
respiratory gases. That fnnetion is performed by moleenles of 
hemoglobin (Hb, Hgb), which aeeonnt for more than 95 pereent 
of an RBC s intraeellnlar proteins. The hemoglobin eontent of 
whole blood is reported in grams of Hb per deeiliter (100 mL) 
of whole blood (g/dL). Normal ranges are 14-18 g/dL in males 
and 12-16 g/dL in females. 




5 


Hemoglobin has a complex 
quaternary structure. Eaeh Hb 


molecule has two alpha (a) ehaíns 
and two beta ((1) ehaíns of polypep- 
tides. Eaeh ehain is a globnlar protein 
subunit that resembles the myoglobin 
in skeletal and eardiae muscle eells. 
Like myoglobin, eaeh Hb ehain 
eontains a single moleenle of heme, 
a nonprotein pigment complex. 


a ehain 1 


P ehain 2 


6 


Eaeh heme unit holds an iron ion in such a way that 
the iron ean interaet with an oxygen moleenle. 


forming oxyhemoglobin, HbO^. Blood eontaining 
RBCs filled with oxyhemoglobin is bright red. The 
iron-oxygen interaetion is very weak, and the two 
ean easily dissoeiate without damaging the heme unit 
or the oxygen moleenle. The binding of an oxygen 
moleenle to the iron in a heme unit is therefore 
eompletely reversible. A hemoglobin moleenle whose 
iron is not bound to oxygen is ealled deoxyhemoglO' 
bin or redneed hemoglobin. Blood eontaining RBCs 
filled with deoxyhemoglobin is dark red—almost burgundy. 



ooe ^ 

CH-, 


II 

HC- e e = CH 


H^e 




\ / 
c= e 




CH 


\ 

CH 

/ 


ooe 


Heme 



p ehain 1 


Heme 


a ehain 2 


Eaeh red blood eell eontains about 280 million Hb molecules. 
Because an Hb moleenle eontains four heme units, eaeh RBC 
ean potentially earry more than a billion moleenles of oxygen 
at a time. Ronghly 98.5 pereent of the oxygen earried by 
the blood travels throngh the bloodstream bound to Hb 
moleenles inside RBCs. The rest is dissolved in the plasma. 

17.5 List the eharaeteristies and functions of red blood eells, 
and deseribe the structure and functions of hemoglobin. 


Modale 17.5 Revíew 


a. Define rouleaux. 

b. Deseribe hemoglobin. 

e. Gompare oxyhemoglobin with 
deoxyhemoglobin. 
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Red blood eells are eontìnoally prodoeed and reeyeled 

About 1 pereent of the circulating RBCs are replaeed eaeh day, and in the proeess approximately 3 million 
new RBCs enter the bloodstream eaeh seeond! Such a rapid rate of replaeement is neeessary beeanse a typieal 
RBC has a relatively short life span. After it travels about 700 miles in 120 days, either its plasma membrane 
ruptures or it is engulfed by maerophages in the spleen, liver, or bone marrow. The eontinnal elimination 
of RBCs usually goes unnoticed, as long as new ones enter the bloodstream at a eomparable rate. 


Events Occurrìng ìn Maerophages 


Maerophages monitor the 
eondition of circulating RBCs, 
engulfing them before they 
hemolyze (rupture), and removing 
Hb molecules and eell fragments 
from the RBCs that hemolyze in the 
bloodstream. 


Iron extracted from heme molecules 
may be stored in the phagoeyte 
or released into the bloodstream, 
where it binds to transferrín 
(trans-FER-in), a plasma protein. 


The globular proteins are dis- 
assembled into their eomponent 
amino aeids, which ean be released 
into the bloodstream for use by 
other eells. 


Eaeh heme unit is stripped of its 
iron and eonverted to bílìverdín 
(bil-i-VER-din), an organie 
compound with a green eolor. 
Biliverdin is then eonverted to 
bìlìrubìn (bil-i-RU-bin) and released 
into the bloodstream. 


Maerophages ín spleen, 
liver, and bone marrow 


Líver 



Heme 


Amino aeids 





Biliverdin 



90% 



Bilirubin 



Bilirubin bound 
to albumin in 
bloodstream 


Fe^'^transported in bloodstream 

by transferrin 


Average life span of 
RBC is 120 days 



Bilirubin 


Old and 

damaged 

RBCs 



In the bloodstream, 
5 the rupture of RBCs 

9 w 

is ealled hemolysís. 



Hemoglobin that is not phagoeytized 
breaks down, and the alpha and beta ehains 
are excreted in urine. When abnormally 
large numbers of RBCs break down in the 
bloodstream, urine may turn red or brown. 
This eondition is ealled hemoglobìnuría. 


Excreted 
in bile 


Absorbed into the bloodstream 



Bilirubin released from maero- 
phages binds to albumin and is 
transported to the liver for excretion 
in bile. If the bile ducts are bloeked 
or the liver eannot proeess bilirubin, 
circulating levels of the compound 
inerease rapidly. Bilirubin then 
diffuses into peripheral tissues, 
giving them a yellow eolor that is 
apparent in the skin and the selera 
of the eyes. This yellowish diseolor- 
ation of the skin and eyes is ealled 
jaunclíce (JAWN-dis). 


Bilirubin 



Urobilins, 

stereobilins 




Eliminated 
in feees 


In the large intestine, baeteria eonvert bilirubin to urobìlìns 
(ur-ó-BÌ-lins) and stereobìlìns (ster-kó-BÌ-lins). Feees are 
yellow-brown or brown due to the presenee of urobilins 
and stereobilins in varying proportions. 


632 • Chapter17: Blood 



























































































Start 






After 24 hours in the 
bloodstream, the 

reticulocytes 
eomplete their 
maturation and 
beeome 
indistinguish- 
ablefrom other 
mature RBCs. 



Reticulocytes released 
into the bloodstream 


Events Occurrìng ìn the Red Bone Marrow 


Developing RBCs absorb amino aeids and 
Fe2+ from the bloodstream and synthe- 
size new Hb molecules. 







Ejeetion of 
nucleus 





'py 






Day 2 


• V 


Day 3: 





Day 4: 






Cells destined to beeome RBCs first 
differentiate into proerythroblasts. 


Proerythroblasts then differentiate into various 
stages of eells ealled basophìlìe erythroblasts, 
which aetively synthesize hemoglobin. Erythro- 
blasts are named aeeording to total size, amount of 
hemoglobin present, and size and appearanee of 
the nucleus. 


Polyehromatophilie erythroblast 


Normoblast 


After roughly 4 days of differentiation, the 
erythroblast, now ealled a normoblast, sheds 
its nucleus and beeomes a retìculocyte 
(re-TIK-u-ló-sít), which eontains 80 pereent of the 
Hb of a mature RBC. After 2 days in the bone 
Reticulocyte marrow, reticulocytes enter the bloodstream. 


Events Occurring ìn the Kídney 



The kidneys excrete 
some hemoglobin, as 
well as urobilins, which 
gives urine its yellow 
eolor.The presenee 
of intaet RBCs in 
urine—a elinieal sign 
ealled hematurìa 
(hè-ma-TYU-rè-uh)— 
occurs only after 
urinary traet damage. 


Eliminated 
in urine 


In adnlts, red blood eell formation, or erythropoi' 
esis (e-rith-ró-poy-É-sis), oeenrs only in red bone 
marrow, or myeloid (Ml-e-loyd) tissue {myeloSj 
marrow). This tissne is loeated in portions of the 
vertebrae, sternnm, ribs, sknll, seapnlae, pelvis, and 
proximal limb bones. Other marrow areas eontain 
a fatty tissne known as yellow bone marrow. Under 
extreme stimnlation, such as severe and sustained 
blood loss, areas of yellow marrow ean eonvert to 
red marrow, inereasing the rate of RBC formation. 


Modyle 17.6 Revíew 


a. Define hemolysis. 

b. Identify the products formed during 
the breakdown of heme. 

e. In what way would a liver disease affeet 
the level of bilirubin in the blood? 


17.6 Deseribe how the eomponents of aged 
or damaged red blood eells are reeyeled. 
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Blood type ìs determìned by the presenee or 
absenee of speeífìe surface antígens on RBCs 

Antigens are substances that ean trigger a proteetive defense meehanism ealled an 
immnne response. Most antigens are proteins, although some other types of organie 
moleenles are antigens as welL The plasma membranes of your eells eontain snrfaee 
antigens, snbstanees your immune system reeognizes as “normal” or ' self.” In other words, 
your immune system ignores these snbstanees rather than attaeking them as 'Toreign.” 



Your blood type is a elassifieation determined by speeifie snrfaee antigens in RBC plasma 
membranes. These snrfaee antigens are genetieally determined membrane glyeoproteins or 
glyeolipids. Your immune system ignores the snrfaee antigens on your own RBCs. However, your 
plasma may eontain antibodies that will attaek the antigens on “foreign” RBCs. Althongh red blood 
eells have at least 50 kinds of snrfaee antigens, three snrfaee antigens are of partienlar importanee: 
A, B, and Rh (also ealled D). There are four blood types based on the presenee or absenee of the A 
and B snrfaee antigens. These snrfaee antigens are also known as agglutìnogens. 


Type A 

Type B 

Type AB 

Type 0 


Type A blood has RBCs with 
surface antigen A only. 



If you have type A blood, 
your plasma eontains anti-B 
antibodies, which will attaek 
type B surface antigens. 


Type B blood has RBCs with 
surface antigen B only. 


Type AB blood has RBCs with 
both A and B surface antigens. 


Type O blood has RBCs without 
both A and B surface antigens. 



Surface 
antigen B 







If you have type B blood, your 
plasma eontains anti-A 
antibodies. 


If you have type AB blood, 
your plasma has neither 
anti-A nor anti-B antibodies. 


If you have type O blood, your 
plasma eontains both anti-A 
and anti-B antibodies. 





2 


If surface antigens on RBCs of one blood type are exposed to the eorresponding antibodies 
also known as agglutinins, from another blood type, the RBCs will agglntinate, or clump 


together. This proeess is ealled agglntination. The eells may also nndergo hemolysis. Such a 
eross-reaetion is very dangerons beeanse clumps and fragments of RBCs ean plug small blood 
vessels in the kidneys, lungs, heart, or brain, damaging or destroying affeeted tissnes. Aeeidental 
eross-reaetions may occur if a person being treated for severe blood 
loss is aeeidentally given a transfusion of the wrong blood type. 




Surface antigens 


Opposing antibodies 


Agglutination (clumping) 




Hemolysis 
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As this table indieates, the 


varions blood types are not 
evenly distribnted thronghont the 
world. The term Rh positive (Rh+) 
indieates the presenee of the Rh 
snrfaee antigen. It is referred to as 
“Rh” beeanse this antigen was first 
diseovered in Rhesus monkeys before 
it was fonnd in hnmans. The absenee 
of this antigen is indieated as Rh 
negative (Rh"). When the eomplete 
blood type is reeorded, “Rh” is 
nsnally omitted and blood type is 
reported as O negative (0“), A 
positive (A+), and so on. 


Differenees in Blood Type Distribotion 

Populatìon 


Pereentage wìth Eaeh Blood Type 


0 

A 

B 

AB 

Rh+ 

U.S. (Average) 

46 

40 

10 

4 

85 

Afriean Ameriean 

49 

27 

20 

4 

95 

Caucasian 

45 

40 

11 

4 

85 

ehinese Ameriean 

42 

27 

25 

6 

100 

Filipino Ameriean 

44 

22 

29 

6 

100 

Hawaiian 

46 

46 

5 

3 

100 

Japanese Ameriean 

31 

39 

21 

10 

100 

Korean Ameriean 

32 

28 

30 

10 

100 

Natìve North Amerìean 

79 

16 

4 

<1 

100 

Natìve South Amerìean 

100 

0 

0 

0 

100 

Australian Aborígíne 

44 

56 

0 

0 

100 


4 


Shown here are the resnlts 


of blood typing tests on 
blood samples from four people. 
Drops of eaeh persons blood are 
mixed with solutions eontaining 
antibodies to the snrfaee antigens 
A, B, and D (Rh). Clumping 
(agglntination) occurs when the 
sample eontains the eorrespond- 
ing snrfaee antigen(s). The blood 
type for eaeh person is shown at 
right. Beeanse eross-reaetions, or 
transfusion reaetions, are so 
dangerons, eare must be taken to 
ensure that the blood types of a 
blood donor and the reeipient are 
eompatible —that is, the donor s 
blood eells and the reeipient s 
plasma will not eross-reaet. 


Antí-A 

Antí-B 

Antì-D 

Blood Can reeeive 

type blood from 




A+ 

1 

o 

o 

+ ^ 

< 

r 



B+ 

B+, 0+ 0- 


é 


AB+ 

A+ B+, AB+, 0+, 0" 
(universal reeipient) 

• 


V 

0- 

0- 

(universal donor) 


The presenee of anti-A and/or anti-B antibodies is genetieally 
determined and remains eonstant throughout life, regardless of 
whether the person has ever been exposed to foreign RBCs. In 
eontrast, the plasma of an Rh-negative person does not neees- 
sarily eontain anti-Rh antibodies. These antibodies are present 
only if the person has been sensitized by previons exposure to 
Rh-positive RBCs. 


Module 17.7 Revìew 


a. What is determined by the surface 
antigens on RBCs? 

b. Which blood type(s) ean be safely 
transfused into a person with type 0“ 
blood? 

e. Why ean't a person with type A blood 
safely reeeive blood from a person with 
type B blood? 


17.7 Explain the importanee of blood typing and 
the basis for ABO and Rh ineompatibilities. 


Seetion 2: Structure and Function ofFormed Elements • 635 


































IVIodule17.8 


+ 


CLINICAL MODULE 



Hemolytk disease of the nevvborn ís an RBC 
related dísorder caused by a eross-reaetíon 
betvveen fetal and maternal blood types 

Genes eontrolling the presenee or absenee of any snrfaee antigen in the plasma 
membrane of a red blood eell are provided by both parents, so a ehild ean have 
a blood type different from that of either parent. Dnring pregnaney, when fetal 
and maternal vasenlar systems are elosely intertwined, the mother s anti- 
bodies against RBC snrfaee antigens may eross the plaeenta, attaeking and 
destroying fetal RBCs. The resnlting eondition, ealled hemolytie disease 
of the newborn (HDN), has many forms, some so mild as to remain 
nndeteeted. Those involving the Rh snrfaee antigen are quite dangerous, 
because unlike anti-A and anti-B antibodies, anti-Rh antibodies are 
able to eross the plaeenta and enter the fetal bloodstream. 


Rh- 

mother 


First Pregnaney of an Rh~ Mother with an Rh+ Infant 




/ 


The most eommon form of hemolytie 
disease of the newborn develops after an 
Rh" woman has earried an Rh+ fetus. 


During Fírst Pregnaney 



Problems seldom develop during a first 
pregnaney, beeanse very few fetal eells 
enter the maternal bloodstream then, and 
thus the mother s immune system is not 
stimnlated to prodnee anti-Rh antibodies. 



Maternal blood supply 

and tissue 





5 



Fetal blood supply 
and tissue 

k 

L 



2 


Exposure to fetal red blood eell 
antigens generally occurs during 



Hemorrhagìng at Delívery 


delivery, when bleeding takes plaee at the 
plaeenta and uterus. Such mixing of fetal 
and maternal blood ean stimnlate the 
mother s immune system to prodnee anti-Rh 
antibodies, leading to sensitization. 



Maternal blood supply 

and tissue 



Fetal blood supply 
and tissue 


J 


- .j 



3 


About 20 pereent of Rh" mothers 
who earried Rh+ ehildren beeome 


y 


sensitized within 6 months of delivery. 
Beeanse the anti-Rh antibodies are not 
prodneed in signifieant amonnts until after 
delivery, a woman s first infant is not 
affeeted. 


Maternal Antíbody Productìon 


Maternal blood supply 

and tissue 








Plaeenta 



Maternal RBC 


Rh antigen on 
fetal red blood eells 


Maternal antibodies 
to Rh antigen 
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Rh- 

mother 


Seeond Pregnaney of an Rh~ Mother wìth an Rh'*' Infant 


4 


If a future pregnaney involves an Rh+ fetus, maternal 
anti-Rh antibodies prodneed after the first delivery 


eross the plaeenta and enter the fetal bloodstream. 
These antibodies destroy fetal RBCs, prodneing a 
dangerons anemia. The fetal demand for blood eells 
inereases, and they leave the bone marrow and enter 
the bloodstream before eompleting their 
development. Beeanse these immatnre RBCs are 
erythroblasts, HDN is also known as 
erythroblastosis fetalis (e-rith-ró-blas-TO-sis 
fè-TAL-is). Without treatment, the fetus may die 
before delivery or shortly thereafter. A newborn 
with severe HDN is anemie, and the high 
eoneentration of eirenlating bilirnbin prodnees 
janndiee. Beeanse the maternal antibodies remain 
aetive in the newborn for 1-2 months after 
delivery, the infant s entire blood volume may 
require replaeement to remove the maternal 
anti-Rh antibodies, as well as the damaged RBCs. 
Fortnnately, the mother s anti-Rh antibody 
prodnetion ean be prevented if anti-Rh antibodies 
(available under the name RhoGAM) are 
administered to the mother in weeks 26-28 of 
pregnaney and during and after delivery. These 
antibodies destroy any fetal RBCs that eross the 
plaeenta before they ean stimnlate a maternal 
immune response. Beeanse maternal sensitization 
does not occur, no anti-Rh antibodies are 
prodneed. In the United States, this relatively 
simple proeednre has almost entirely eliminated 
HDN mortality caused by Rh ineompatibilities. 



Durìng Seeond Pregnaney 



Maternal blood supply 

and tissue 










Fetal blood supply 
and tissue 


Maternal anti-Rh 
antibodies 


Hemolysis of 
fetal RBCs 


Modyle 17.8 Revíew 


a. Define hemolytiediseaseofthe 
newborn (HDN). 

b. VVhyisRhoGAMadministeredto 
pregnant Rh" women? 

e. Does an Rh+mother earrying an Rh 
fetus require a RhoGAM injeetion? 
Explain your answer. 


17.8 Deseribe hemolytie disease of the newborn, explain the elinieal signifieanee of the 
eross-reaetion between fetal and maternal blood types, and eite preventive measures. 


Seetion 2: Structure and Function ofFormed Elements • 637 































Module17.9 

j 


White blood eells defend the body 
against pathogens, toxins, eellolar 
debris, and abnormal or damaged eells 


White blood eells (WBCs), or leakoeytes, share the properties 
deseribed below. A eommon phrase to help you remember the 
types of WBCs is “Never let monkeys eat bananas” where “N” 
stands for neutrophils, “L” for lymphoeytes, ''M” for monoeytes, 
“E” for eosinophils, and “B” for basophils. 




WBCs ean be divided 
into two elasses 



Granular leukocytes, or granulocytes, 
have abnndant eytoplasmie grannles 
(seeretory vesieles and lysosomes) that 
absorb histologieal stains, such as Wright 
stain or Giemsa stain. 


=> 


GRANOLAR LEUKOCYTES 


Neutrophils 


Eosinophils 


Basophils 


Shared Propertìes of WBCs 

• WBCs circulate for only a short portion of their life span, 
using the bloodstream primarily to travel betvveen organs 
and to rapidly reaeh areas of infeetion or injury. WBCs 
spend most of their time migrating through loose and 
dense eonneetive tissues throughout the body. 

• All WBCs ean migrate out of the bloodstream. When 
circulating WBCs in the bloodstream beeome aetivated, 
they eontaet and adhere to the vessel vvalls and squeeze 
betvveen adjaeent endothelial eells to enter the 
surrounding tissue.This proeess is ealled emìgratìon, or 
dìapedesìs {dia, through + pedesis, a leaping). 

• All WBCs are attraeted to speeifie ehemieal stimuli.This 
eharaeteristie, ealled posìtìve chemotaxìs 
(kè-mó-TAK-sis), guidesWBCs to invading pathogens, 
damaged tissues, and other aetive WBCs. 

• Neutrophils, eosinophils, and monoeytes are eapable of 
phagoeytosis.These phagoeytes ean engulf pathogens, 
eell debris, or other materials. Maerophages are mono- 
eytes that have moved out of the bloodstream and have 
beeome aetively phagoeytie. 



AGRANULAR LEUKOCYTES 


Monoeytes 


Lymphoeytes 


2 


Agranular leukocytes, or agranulocytes, 
eontain seeretory vesieles and lysosomes 


smaller than those in grannloeytes. However, 
few, if any, of these eytoplasmie grannles absorb 
histologieal stain. 
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Whìte Blood Cells 


Quantìty 

(Average Number Appearanee ìn a Staìned 

Cell per pL) BÍood Smear Functìons Remarks 





Neutrophìls 



4150 

(range: 1800-7300) 
Differential count: 
50-70% 


Eosìnophìls 



165 (range: 0-700) 
Differential count: 
2-4% 


Basophìls 



44 (range: 0-150) 
Differential count: 

< 1 % 


Rouncl eell; nucleus lobed 
and may resemble a string of 
beads; eytoplasm eontains 
large, pale inclusions 


Round eell; nucleus 
generally has two lobes; 
eytoplasm eontains large 
granules that generally stain 
bright red 


Round eell; nucleus 
generally eannot be seen 
through dense, blue-stained 
granules in eytoplasm 


Phagoeytie: engulf 
pathogens or debris in 
injured or infeeted tissues; 
release cytotoxic enzymes 
and ehemieals 


Phagoeytie: engulf antibody- 
labeled materials; release 
cytotoxic enzymes; reduce 
inflammation; inerease in 
abundance in allergies and 
parasitie infeetions 


Enter damaged tissues and 
release histamine and other 
ehemieals that promote 
inflammation 


Move into tissues after 
several hours; may survive 
for minutes to days, 
depending on tissue aetivity; 
produced in red bone 
marrow 


Move into tissues after 
several hours; may survive 
for minutes to days, 
depending on aetivity in 
tissues; produced in red 
bone marrow 


Survival time unknown; 
assist mast eells of tissues 
in producing inflammation; 
produced in red bone 
marrow 


Monoeytes 



456 (range: 200-950) 
Differential count: 
2 - 8 % 


Very large eell; nucleus 
kidney bean-shaped; 
abundant eytoplasm 


Entertissues and beeome 
maerophages; engulf 
pathogens or debris 


Move into tissues after 1 -2 
days; survive for months or 
longer; produced primarily 
in red bone marrow 



Lymphoeytes 



2185 

(range: 1500-4000) 
Differential count: 
20-40% 


Generally round eell, slightly 
largerthan RBC; round 
nucleus; very little eytoplasm 


Cells of lymphatie system; 
provide defense against 
speeifie pathogens or toxins 


Survive for months to 
deeades; circulate from 
blood to tissues and baek; 
produced in red bone 
marrow and lymphoid 
tissues 


A variety of eonditions, inelnding infeetions, inflammation, and allergie 
reaetions, eanse eharaeteristie ehanges in the popnlations of eirenlating 
WBCs. Examining a stained blood smear ean provide a window on such 
ehanges. A differential count identifies the types and numbers of white 
blood eells in a sample of blood. The values reported indieate the number, 
as a pereentage, of eaeh type of eell in a sample of 100 WBCs (Module 17.4). 


l\/lodule 17.9 Revìew 


a. Identify the five types ofwhite blood eells. 

b. VVhieh type ofwhite blood eell would you find 
in the greatest numbers in an infeeted cut? 

e. How do basophils respond during 
inflammation? 


17.9 eategorize the various types of white blood eells 
on the basis of their structures and functions. 
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Module 17.10 


The elottìng response ís a complex 
easeade of events that reduces blood loss 


The proeess of hemostasis {haimaj blood + stasisj halt) is responsible for 
stopping the loss of blood throngh the walls of damaged vessels. At the same 
time, it establishes a framework for tissne repairs. Althongh nsnally divided 
into three phases, hemostasis is a complex easeade in which many things 
happen at onee, and all of them interaet to some degree. 


Vascular Phase 


The vascular phase of hemostasis lasts for roughly 30 
minutes after the injury occurs. It is dominated by the 
response of the endothelial eells and the eontraetion, or 
vascular spasm, of smooth muscle of the vessel walls. 

Knife blade 


▼ 



Vascular 


/ 


spasm 


/ 



Platelet Phase 


The platelet phase of hemostasis begins with the attaehment 
of platelets to stieky endothelial surfaces, to the basement 
membrane, to exposed eollagen fibers, and to eaeh other. 


Plasma ín 
vessel lumen 


Platelet 
adhesion to 
damaged 
vessel 


Release of ehemieals 
(ADRPDGF, Ca2+, 
platelet faetors) 



Platelet 

aggregation 



Endothelium 


Platelet plug 
may form 


Gontraeted smooth 
muscle eells 


Basement 

membrane 

Vessel 

wall 


Interstitial cut edge of 

fluid vessel wall 


Events of the Vascular Phase 

• The endothelial eells eontraet and expose the underlying 
basement membrane to the bloodstream. 

• The endothelial eells begin releasing ehemieal faetors and 
loeal hormones. Endothelial eells also release endothelìns, 
peptide hormones that (1) stimulate smooth muscle 
eontraetion and promote vascular spasms and (2) 
stimulate the division of endothelial eells, smooth muscle 
eells, and fibroblasts to aeeelerate the repair proeess. 

• The endothelial plasma membranes become"sticky."A 
tear in the wall of a small artery or vein may be partially 
sealed off by the attaehment of endothelial eells on either 
side of the break. In small eapillaries, endothelial eells on 
opposite sides of the vessel may stiektogether and 
prevent blood flow along the damaged vessel.The 
stiekiness also faeilitates the attaehment of platelets as the 
platelet phase gets under way. 


ehemìeals Released by Aetìvated Platelets 

• Adenosine diphosphate (ADP), which stimulates platelet 
aggregation and seeretion 

• Several ehemieals that stimulate vascular spasms 

• Platelet faetors, proteins that play a role in blood elotting 

• Platelet-derìved growth faetor (PDGF), a peptide that 
promotes vessel repair 

• Calcium ions (ea^"^), which are required for platelet 
aggregation and in several steps in the elotting proeess 
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Coagulation Phase 


The coagulatìon (có-ag-u-LÀ-shun) phase of hemostasis does not start until 30 seeonds or more after the vessel 
has been damaged. Coagulatìon, or blood elotting, involves a complex sequence of steps leading to the eonver- 
sion of circulating fibrinogen (a soluble protein) into fibrin (an insoluble protein). As the fibrin netvvork grovvs, 
blood eells and additional platelets are trapped in the fibrous tangle, forming a blood elot that seals off the 
damaged portion of the vessel. Procoagulants (elotting faetors) in the plasma play a key role in this phase. 
Important elotting faetors include ea^”^ and 11 different proteins (identified by Roman numerals). Many elotting 
faetors are proenzymes, vvhieh, vvhen eonverted to aetive enzymes, direet essential reaetions in the elotting 
response.The aetivation of one proenzyme eommonly ereates a ehain reaetion, oreaseade. 



Extrìnsìc Pathway 


The extrinsíc pathway begins with the 
release of tissue faetor (Faetor III) by 
damaged endothelial eells or peripheral 


eommon Pathway 

The eommon pathway begins when enzymes from 
either the extrinsic or intrinsie pathway aetivate 
Faetor X. Aetivated Faetor X aetivates a complex 
ealled prothrombin aetivator. Prothrombin 
aetivator eonverts the proenzyme 
prothrombin into the enzyme thrombin 

(THROM-bin).Thrombin then 
eompletes the elotting proeess by 




tissues. The greater the damage, the more 
tissue faetor is released and the faster 
elotting occurs. Tissue faetor then 

eombines with ea^"^ and another 
elotting faetor to form an enzyme 
complex eapable of aetivating 
Faetor X, the first step in the 
eommon pathway. 




intrinsie Pathway 


eonverting fibrinogen to fibrin. 


Faetor X 



Tissue 

eom 


Prothrombin aetivator 


Faetor X 
aetivator 
complex 


eiotting faetor 



Y 


Prothrombin 


Thrombin 



Fibrin 


Fibrinogen 







Tissue faetor 
(Faetor 


Platelet 
faetor (PF-3) 




The intrinsie pathway begins with 
the aetivation of proenzymes 
exposed to eollagen fibers at the 
injury site. This pathway proeeeds 
with the assistanee of PF-3, a 
platelet faetor released by ag- 
gregating platelets. After a series 
of linked reaetions, aetivated 
elotting faetors eombine to 
form an enzyme complex 
eapable of aetivating 

Faetor X. 


eiotting faetors 
(VIII, IX) 


Aetivated 
proenzymes 
(usually Faetor XII) 




Gontraeted smooth muscle eells 


Blood elot eontaining 
trapped RBCs 


SEM X 1200 


eiot Retraetion 


Onee the fibrin meshwork has formed, platelets and red blood eells 
stiekto the fibrin strands.The platelets then eontraet, and the entire 
elot begins to undergo elot retraetion, a proeess that continues over 
a period of 30-60 minutes and pulls the cut edges together. 
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As repairs proeeed, the elot gradually dissolves. This proeess, ealled fibrinolysis 
(fi-bri-NOL-i-sis), begins with the aetivation of the proenzyme plasminogen by 
thrombin, produced by the eommon pathway, and tissne plasminogen aetiva- 
tor (t'PA), released by damaged tissnes. The aetivation of plasminogen prodnees 
the enzyme plasmin (PLAZ-min), which erodes the fonndation of the elot. 


a. Define hemostasis. 

b. Briefly deseribe the vascular, platelet, 
and coagulation phases of hemostasis. 

e. List the following events in the proeess 
of hemostasis and elot dissolution in 
the proper order of their occurrence: 
coagulation, fibrinolysis, vascular 

<;na<;nn. rptrartinn. nlatplpt nha<;p 


17.10 Discuss the meehanisms that eontrol blood loss after an injury, 
and deseribe the reaetion sequences responsible for blood elotting. 
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Module 17.11 


CLINICAL MODULE 


+ 


r 


Blood disorders ean be elassified by their 
origins and the ehanges in blood eharaeteristies 


The procedure ealled venipuncture (V£N-i'punk-chur; vena, vein + punctura, a 
piereing) is erneial in diagnosing blood disorders. Fresh whole blood is generally 
eolleeted from a snperfieial vein, such as the median enbital vein on the anterior 
snrfaee of the elbow. Venipuncture is eommonly used because (1) superficial veins are 
easy to loeate, (2) the walls of veins are thinner than those of eomparably sized arteries, 
and (3) blood pressnre in the venous system is relatively low, so the puncture wound 
seals quickly. The most eommon elinieal proeednres examine venous blood. 




Blood disorders ean have a variety of causes. The major 
eategories of blood disorders are introduced here. 





In ìron defìeìeney anemìa, 

normal hemoglobin synthesis 
eannot occur because either 
iron reserves or the dietary 
intake of iron is inadequate. 
Because developing RBCs 
eannot synthesize functional 
hemoglobin, they are 
unusually small (mìeroeytìe). 
VVomen are espeeially 
dependent on a normal 
dietary supply of iron because 
their iron reserves are about 
one-half that of a typieal man. 




A defieieney in vìtamìn B 12 
prevents normal stem eell 
divisions in the bone marrow, 

which ean result in pernìcìous (per-NISH-us) anemìa. Fewer red 
blood eells are produced, and those that are produced are 
abnormally large (maeroeytìe) and may develop bizarre shapes. 
Pernicious anemia ean also result from a laek of intrinsie faetor, a 
mucoprotein seereted by the stomaeh that is neeessary for 
adequate vitamin Bit absorption. 



Sìekle eell anemìa results from a 
mutation affeeting the amino aeid 
sequence of the beta ehains of the 
Hb molecule. Affeeted RBCs take on 
a siekled shape when they release 
bound oxygen.This makes the 
RBCs fragile and easily damaged. 

Moreover, a siekled RBC ean 
beeome stuck in a narrow eapillary. 

A circulatory bloekage results, and 
nearby tissues beeome starved for 
oxygen.To develop siekle eell 
anemia, a person must have two 
eopies of the siekling gene— 
one from eaeh parent. If only one 
siekling gene is present, the person 
has the sìeklìng trait. In such eases, 
most of the hemoglobin is of the 
normal form, and the RBCs function 
normally. However, having the 

siekling trait gives the person some resistanee to malaria, a deadly 
mosquito-borne parasitie disease. infeetion of RBCs by the 
parasites induces siekling, and siekled eells eontaining the 
parasites are engulfed and destroyed by maerophages. 



Normal and siekled RBCs 


Calcium ions and vìtamín K affeet almost every aspeet of the 
elotting proeess. All three pathways (intrinsie, extrinsic, and 
eommon) require Ca^+ so any disorderthat lowers blood ea^”^ 
levels ean impair blood elotting. Additionally, the liver requires 
adequate amounts of vitamin Kfor synthesizing four of the 
elotting faetors, including prothrombin. 


Hemophìlìa (hè-mó-FE-lè-a) is an inherited bleeding disorder. 
About 1 person in 10,000 is a hemophiliae, and of those, 80-90 
pereent are males. In most eases, hemophilia is caused by the 
reduced production of a single elotting faetor.The severity of 
hemophilia varies, depending on how little elotting faetor is 
produced. In severe eases, extensive bleeding occurs with 
relatively minor eontaet, and bleeding occurs at joints and 
around muscles. 


Thalassemìas (thal-ah-SÉ-mè-uhs) are a diverse group of 
inherited blood disorders caused by an inability to produce 
adequate amounts of normal protein subunits of hemoglobin. 
The severity of different types of thalassemias depends on which 
and how many protein subunits are abnormal. 


642 • Chapter17: Blood 
























Blood Infeetions 


Blood is normally free of 

mieroorganisms, but they 

ean enterthe blood through a 

wound or infeetion. Baeteremìa 

is a eondition in which baeteria 

circulate in blood, but do not 

multiply there. Vìremìa is a 

similar eondition assoeiated 

with viruses. Sepsìs (SEP-sis) 

is a widespread pathogenie 

infeetion of body tissues. Sepsis 

of the blood, or septìeemìa 

(formerly known as"blood 

poisoning"), results if pathogens 

are present and multiplying in 

the blood, and spreading Infant with septieemia from 

throughout the body. a meningoeoeeal baeteria 




Leukemìas are eaneers 
of blood-forming 
tissues.The cancerous 
eells of leukemia do not 
form a eompaet tumor, 
but instead are spread 
throughout the body 
from their origin in red 
bone marrow. Both 
ofthetwo types of 
leukemia—myeloid 
and lymphoid— 
are eharaeterized by 
elevated levels of circulating WBCs. Myeloìd leukemìa is 
eharaeterized by the presenee of abnormal granulocytes 
(neutrophils, eosinophils, and basophils) or other eells of the 
bone marrow. Lymphoìd leukemìa involves lymphoeytes and 
their stem eells.The first symptoms appear when immature and 
abnormal white blood eells appear in the bloodstream. Llntreated 
leukemia is invariably fatal. 



Abnormal WBCs (*) seen in a blood smear 
ofa patient with myeloid leukemia 



Malarìa is a parasitie disease caused by several speeies of the 
protozoan Plasmodium. It is one of the most severe diseases in 
tropieal countries, killing 1.5-3 million people per year, of which 
up to half are ehildren under the age of 5. Malaria is transmitted 
from person to person by a mosquito.The parasite initially infeets 
liver eells, then enlarges and fragments into smaller forms that 
infeet red blood eells. Periodieally, at intervals of 2-3 days, all 
of the infeeted RBCs rupture simultaneously and release more 
parasites that infeet additional RBCs.The release and reinfeetion 
of RBCs eorresponds to the eyeles of fever and ehills that 
eharaeterize malaria. Dead RBCs ean bloek blood vessels leading 
to vital organs, such as the kidney and brain, resulting in tissue 
death. 


Degeneratíve Blood Dìsorders 

In dìssemìnated ìntravascular coagulatìon (DIC), baeterial 
toxins aetivate several steps in the coagulation proeess that 
eonverts fibrinogen to fibrin within the circulating blood. 
Although much of the fibrin is removed by phagoeytes or is 
dissolved by plasmin, small elots may bloek small vessels and 
damage nearby tissues. If the liver eannot produce enough 
circulating fibrinogen to keep paee with the rate at which 
fibrinogen is being removed, elotting abilities deeline and 
uncontrolled bleeding may occur. 
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a. Definevenipuncture. 

b. eompare pernicious anemia with iron 
defieieney anemia. 

e. Identify thetwotypesof leukemia. 


17.11 Explain how blood disorders are deteeted, and deseribe 
examples of the various eategories of blood disorders. 
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Goneept map 


Use eaeh of the follovving terms onee to fìll in 
the blank boxes to eorreetly eomplete the map. 


globulins 

eleetrolytes, glucose, urea 
proteins 
albumins 
leukocytes 
fibrinogen 
solutes 
basophils 
erythroeytes 
formed elements 
plasma 
eosinophils 
lymphoeytes 
vvater 
platelets 
monoeytes 
neutrophils 



eonsists of 


Ý 


Ý 


eonsist of 


Ý 




Ý 



60% 


35% 


4% 


2-4% 


20-40% 


Matehíng 


Mateh eaeh lettered deseription vvith the most elosely related term. 


a. matrix 

b. transport protein 
e. jaundice 

d. venipuncture 

e. red bone marrovv 

f. mature RBCs 

g. pigment complex 

h. platelets 

i. erythropoietin 

j. eross-reaetion 

k. monoeytes 

l. lymphoeytes 


18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 
29 


Myeloid tissue 

Anucleated 

Plasma 

Maerophages 

Globulin 

Agglutination 

Speeifie immunity 

Bilirubin 

Median cubital vein 
Heme 
Hormone 
Blood elotting 


18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 
29 


Seetíon ìntegratìon 

Why are mature red blood eells in humans ineapable of protein synthesis and mitosis? 
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GHAPTER 17 REVIEVV • Blood 


Study Outlíne 


SECTION 1 • Plasma and Formed Elements 


^ SECTION 2 • Structure and Functìon of Formed Elements 




17.1 


17.2 


17.3 


Blood ìs the fluìd portìon of the cardìovascular system 

p. 623 

1. The cardìovascular system includes the heart, blood 
vessels, and blood. 

2. The heart propels blood and maintains blood pressure, 
and the blood vessels distribute blood arouncl the body. 

3. Blood functions to transport gases, nutrients, hormones, 
and waste products; regulate pH and ion eomposition of 
interstitial fìuid; restriet fìuid loss at injury sites; provide 
defense against disease; and assist in temperature 
regulation. 


17.4 


Blood ìs a fluìd eonneetìve tìssue eontaìnìng plasma and 

formed elements p. 624 

4. Blood is eomposed of a liquid matrix 
ealled plasma. Suspendecl in the 
plasma are blood eells and eell 
fragments ealled formed elements. 

5. Plasma forms 55 pereent of blood 
volume; formed elements are 45 
pereent of blood volume. 

6. Plasma is primarily eomposed of 
water (92 pereent), which functions 
in the transportation of organie 
and inorganie molecules, formed 
elements, and heat. 

7. The remaining eomposition of 
plasma is 7 pereent plasma proteíns 
(albumíns, globulìns, fibrìnogen, 
enzymes and hormones), and 1 
pereent other solutes (eleetrolytes, 
organìe nutrìents, and organìe 
wastes). 

8. Formed elements are 99.9 pereent 
red blood eells (RBCs), or erythroeytes, which transport 
oxygen in blood. 

9. The remaining formed elements are platelets (eell 
fragments important in blood elotting) and whìte blood 
eells (WBCs), or leukocytes.There are five elasses of 
leukocytes that function in body defense meehanisms. 



Formed elements are produced by stem eells ìn red bone 
marrow p. 626 

10. Hemopoíesìs is the proeess of formed element 
development. 

11. All formed elements are produced by multipotent 

hematopoìetíe stem eells (HSCs), or hemoeytoblasts. 

12. HSCs give rise to lymphoìd stem eells and myeloíd 
stem eells. Lymphoid stem eells give rise to lymphoeytes. 
Myeloid stem eells give rise to all other types of formed 
elements. 

13. Erythropoìetìn (EPO) stimulates RBC development. EPO 
is released into the plasma by the kidneys during hypoxìa 
(low tissue oxygen). 


17.5 


Hematology ìs the study of blood and blood-formìng 

tìssues p. 629 

14. Hematology is the study of blood, blood-forming tissues, 
and blood disorders. 

15. Blood circulates through nearly every tissue ofthe body, so 
dyserasías, or blood disorders, ean have systemie effeets. 

16. Various diagnostie blood tests measure ehanges in the 
proportions and quantities of formed elements. 

17. A eomplete blood count (CBC) is a eommon blood test 
that determines the RBC count, WBC count, erythroeyte 
indiees (hemoglobin eontent), hematoerit, platelet count, 
and WBC differential count. 

18. Several eommon RBC tests assess the number, size, shape, 
and maturity of red blood eells. Various terms are used to 
deseribe abnormal measured values. 


Red blood eells, the most eommon formed elements, 

eontaìn hemoglobìn p. 630 

19. The red blood eell count is a blood test that reports the 
number of RBCs per mieroliter of whole blood. 

20. Mature RBCs do not have a nucleus and are anucleate. 
They have also lost most of their other organelles 
(including ribosomes) and have a life span of less than 120 
days. 

21. Ninety-five pereent of RBC intracellular protein is 
hemoglobìn (Hb), which is responsible for transporting 
respiratory gases. 

22. Eaeh Hb molecule eontains two alpha (a) ehaìns and two 
beta (P) ehaíns of polypeptides. Eaeh ehain eontains a 


single heme molecule. 



Hemoglobin 
hos 0 complex 
goaternary 
straetare. 
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GHAPTER 17 REVIEVV • Blood (continued) 


23. Eaeh heme holds an iron ion and interaets with an oxygen 
molecule to form oxyheimoglobìn or HbO^.This is a weak 
interaetion that is easily reversed. 

24. If a hemoglobin molecule is not bound to oxygen, it is 
ealled deoxyhemoglobìn, or reduced hemoglobin. 


17.6 


Red blood eells are contìnually produced and reeyeled 

p. 632 

25. About 1 pereent of the circulating RBCs are replaeed eaeh 
day. 

26. Red blood eell formation or 
erythropoiesìs occurs only in red 
bone marrow, or myeloíd tíssue, 
within the vertebrae, sternum, 
ribs, skull, scapulae, pelvis, and 
proximal limb bones. 



Red blood eells are prodaeed In the 
red bone marrow. 






17.7 

1 : Jír 














27. Developing RBCs absorb amino aeids and Fe^^ and 
synthesize Hb molecules. 

28. Proerythroblasts differentiate into the various stages of 
basophilie erythroblasts. After four days of differentiation 
and synthesizing hemoglobin, the erythroblast beeomes a 
normoblast and sheds its nucleus. It is now a reticulocyte 
and eontains 80 pereent of the Hb of a mature RBC. After 
two days in the bloodstream, reticulocytes eomplete their 
maturation. 


29. After an average life span of 120 days, RBCs are engulfed 
by maerophages.Ten pereent of RBCs will hemolyze 
(rupture) before this, and maerophages will engulf their 
eeli fragments and Hb molecules. 

30. The iron extracted from the heme molecules is either 
stored in the maerophage, or transported baek to bone 
marrow by transferrln.The globular proteins are broken 
down into their amino aeids and usecl by other eells.The 
heme unit is stripped of iron, eonverted to biliverdln, 
which is eonverted to bilirubin, and released into the 
bloodstream. 

31. Bilirubin binds to albumin and is transported to the 
liver for excretion in bile. In the large intestine, baeteria 
eonvert bilirubin to urobilins and stereobilins, which are 
eliminated in feees.The kidneys excrete some hemoglobin 
and urobilins. 

32. Hemoglobin that is not phagoeytized breaks down, and 
the alpha and beta ehains are eliminated in urine.The 
resulting red or brown urine is ealled hemoglobinuria. 
The presenee of intaet RBCs in urine is ealled hematuria. 


Blood type ìs determìned by the presenee or absenee of 

speeifìe surface antìgens on RBCs p. 634 

33. Blood type is a elassifieation determined by speeifie 
genetieally determined surface antigens in RBC plasma 
membranes.These surface antigens are reeognized as"self" 
and ignored by your immune system, but your plasma may 
eontain antibodies that will attaek the antigens on "foreign" 
RBCs. 

34. There are four blood types based on the presenee or 
absenee of the A and B surface antigens (agglutinogens). 

35. Type A blood has surface antigen A and eontains the 
anti-B antibodies, which will attaektype B surface 
antigens. 

36. Type B blood has surface antigen B and eontains the 
anti-A antibodies, which will attaek type A surface 
antigens. 

37. Type AB blood has both A and B surface antigens, and 
neither anti-A nor anti-B antibodies. 

38. Type O blood has neither A nor B surface antigens, and 
has both anti-A and anti-B antibodies. 

39. RBCs will agglutinate, or clump, if the surface antigens on 
RBCs of one blood type are exposed to the eorresponding 
antibodies (agglutinins) from another blood type. Such a 
eross-reaetion is dangerous because the RBC clumps and 
fragments ean plug small blood vessels and damage many 
organs and tissues.The RBCs may undergo hemolysis. 

40. Rh positive (Rh"^) indieates the presenee of the Rh surface 
antigen.The absenee of this surface antigen is indieated as 

Rh negative (Rh“). 
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41. A transfusìon reaetìon is so dangerous that blood 
from the donor and blood from the reeipient must be 
eompatìble. A blood type test ean determine if the donor's 
RBCs are eompatible with the reeipient's blood plasma. 


bloodstream and into areas of tissue or organ infeetion or 
injury; attraetion to pathogens or tissue damage through 
posìtìve chemotaxìs; and phagoeytosis (neutrophils, 
eosinophils, and monoeytes). 



Hemolytìe dìsease of the newborn ìs an RBC-related 

dísorder caused by a eross-reaetíon between fetal and 

maternal blood types p. 636 

42. Blood type is genetieally eontrolled, so a ehild ean have a 
blood type different from that of either parent. 

43. Hemolytìe dìsease of 
the newborn (HDN), 
or erythroblastosìs 
fetalìs, ean result 
if the mother's 
antibodies eross 
the plaeenta 
and attaekand 
destroy fetal 
RBCs. 

44. The most 
eommon 
form of HDN 
develops after 
an Rh“ woman has ^ 
earried an Rh+ fetus. 

During delivery of the 
first pregnaney, fetal RBC 
antigens will stimulate 
the mother's immune 
system to produce anti- 
Rh antibodies, leading to 
sensìtízatìon.The proeess 
of sensitization ean take months so the woman's first infant 
is not affeeted. 

45. If a future pregnaney involves an Rh+ fetus, maternal 
anti-Rh antibodies ean eross the plaeenta and cause HDN. 
Without treatment the fetus will die before delivery or 
shortly thereafter. 

46. injeetions of RhoGAM during and after a first pregnaney 
ean preventthe motherfrom producing anti-Rh 
antibodies. 




48. The granular leukocytes are neutrophils, eosinophils, and 
basophils. 

49. The agranular leukocytes are monoeytes and lymphoeytes. 

50. A dìfferentíal count of the WBC population ean indieate a 
variety of pathogenie eonditions. 


17.10 j 


The elottìng response ìs a complex easeade of events that 
reduces blood loss p. 640 


51. Hemostasís isthe proeess of stopping blood loss through 
damaged blood vessels. 




The vascular phase of 

hemostasis is dominated 
by endothelial eells 
and eontraetion, or 
vascular spasm, of 
smooth muscle of 
the vessel walls.The 
endothelial eells release 
endothelíns that 
stimulate eell division, 
and their plasma 
membranes beeome 
stieky, which helps 
elose the vessel and aid 
platelet attaehment. 
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Blood elot eontaining 
trapped RBCs ^ 


SEM X 1200 


The platelet phase 

of hemostasis begins when platelets attaeh to the stieky 
endothelial surfaces, to exposed eollagen fìbers, and to 
eaeh other. 


54. The coagulatìon phase of hemostasis includes 
coagulatíon (blood elotting), a complex proeess leading 
to the eonversion of fibrinogen to fibrìn, forming a fibrin 
meshwork of platelets and RBCs stuck to the fibrin strands. 
The platelets eontraet in elot retraetìon to pull the cut 
edges together. 

55. The elot gradually dissolves in a proeess ealled fìbrínolysìs. 



Whìte blood eells defend the body agaìnst pathogens, 
toxìns, cellular debrìs, and abnormal or damaged eells 

p. 638 


47. The shared properties of white blood eells (WBCs), or 
leukocytes, are circulation in bloodstream for only a short 
period of time; emígratìon, or díapedesís, out of the 


17.11 

J 


Blood dìsorders ean be elassìfìed by theìr orìgìns and the 
ehanges ìn blood eharaeterìstìes p. 642 


56. Blood disorder diagnosis requires venìpuncture, usually 
from the median cubital vein, to eolleet fresh whole blood. 


57. Blood disorders ean be elassified as nutritional, eongenital, 
infectious, cancerous, or degenerative. 


ehapter Revíew Questíons 


Labelìng 


Label the blood 
eells shown here. 







ehapter 17 Review • 647 









































GHAPTER 17 REVIEVV • Blood (continued) 


True/False 


Indieate vvhether eaeh statement is true or false. 


7 



Globulins make up 60 pereent of the plasma proteins. 

Monoeytes enter damaged tissues and release histamines 
that promote inflammation. 

Red blood eells have an average life span of 120 days. 

The first phase of hemostasis is the coagulation phase. 
Neutrophils are the most abundant vvhite blood eells. 


7 



IVIultìple ehoíee 


Seleet the eorreet ansvver from the list provided. 



Plasma pereentage of the vvhole blood volume; formed elements 
pereentage of vvhole blood volume. 

□ a)55,45 

□ b)45,55 

□ c)92,8 

□ d)63,37 



Megakaryoeytes shed eytoplasm in small, membrane-enelosed 
paekets that enter the bloodstream as 

Q a) neutrophils. 

Q b) lymphoeytes. 

Q e) monoeytes. 

Q d) platelets. 



A hemoglobin molecule is eomposed of 

Q a) tvvo protein ehains and tvvo heme units. 
Q b) four protein ehains and tvvo heme units. 
Q e) four protein ehains and four heme units. 
Q d) one protein ehain and one heme unit. 



The eorreet order of erythroeyte formation is 

Q a) hematopoietie stem eell, myeloid stem eell, progenitor eell, 

proerythroblast, erythroblast stages, reticulocyte, erythroeyte. 

Q b) hematopoietie stem eell, progenitor eell, myeloid stem eell, 

proerythroblast, reticulocyte, erythroblast stages, erythroeyte. 

Q e) hematopoietie stem eell, myeloid stem eell, progenitor eell, 

reticulocyte, proerythroblast, erythroblast stages, erythroeyte. 

Q d) myeloid stem eell, hematopoietie stem eell, progenitor eell, 

proerythroblast, reticulocyte, erythroblast stages, erythroeyte. 



VVhieh of the follovving blood types is the"universal donor"? 

□ a)0+ 

□ b)0- 

□ c)AB+ 

□ d)AB- 



VVhen an RBC is engulfed by a maerophage, the hemoglobin heme 
units are stripped of their iron and eonverted to 

Q a) bilirubin. 
n b) biliverdin. 

Q e) urobilins. 

Q d) stereobilins. 



The pereentage of formed elements in a sample of vvhole blood is 
ealled 

Q a) hemoglobinuria. 

Q b) hematoerit. 

Q e) hematuria. 

Q d) oxyhemoglobin. 


Short answer 



Deseribe the various types of leukemias. 



VVhat is the role of blood in stabilizing and maintaining body 
temperature? 



Identify the RBC surface antigens and plasma antibodies for blood 
types A, B, AB, and O. 


MasteringA&P® 

Aeeess more ehapter study tools online in the MasteringA&P Study Area: 

■ ehapter Quízzes, Ghapter Praetiee Test, Art-labeling Aetivities, 
Animations, MP3 Tutor Sessions, and Glínieal Case Studíes 


■ Praetiee Anatomy Lab 

PAi: 

■ interaetive Physiology 

ip. 

■ A&P Flix 

AáPF^x 

■ PhysioEx 

PhysioEx 
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ehapter Integratìon • Applyíng what you have learned 



The dangerous seareh for better eyelíng 

Piero is an elite eompetitive eyelist who aspires to eompete on the 
world stage. Despite his intense training in the last year along the 
eoast in his hometown of Miami, he has been nnable to aehieve 
“the next level” of performanee. He has heard abont a drug that 
endurance athletes ean take that could improve his athletie 
performanee, but he has eoneerns beeanse he also heard there 
could be serious side effeets from using this drug. 

Using what you have just learned about blood, answer the 
following questions. 




Which hormone do you think this drug is performing like? 

How is it that this drug could help hím ín his eyeling? 

Which seríous side effeets do you think Piero would be at risk 
for if he were to use this drug? 

Are there training techniques other than drugs that Piero could 
try ínstead? 


An unwelcome ehange in blood eells 

Ursula is a 27-year-old, single female with no known medieal 
history. A normally aetive person, with a well-balanced diet, 
she rarely was ill. One weekend, Ursula felt as though she 
was “eoming down with something.” On Satnrday, she was 
fatigned, but had no tronble eating, but by Sunday, she 
was extremely tired and simply could not eat. Monday 
afternoon, her lethargy was so profonnd, she was unable to 
get out of bed, so she ealled a family member to take her to 
the physieian s ofìiee. 

While her physieian was performing a physieal exam, 
her blood pressnre plnmmeted to 60/20, her heart rate 
inereased to 190 beats per minute, and her body temperatnre 
was three degrees below normal (95.6°F). She was rushed to the 
hospital, where blood was drawn and tested. Obtaining blood using a 
venipuncture was nearly impossible, beeanse Ursula was in the beginning 
stages of vasenlar eollapse. Her gums and skin were pale. 

When viewed throngh a mieroseope, Ursulas red blood eells were 
smaller than normal and spherieally shaped, and thus were eharaeterized 
as “spheroeytes.” Antibodies in her plasma were attaeking her red blood 
eells, eansing them to hemolyze and transform into “spheroeytes.” 
Additionally, her blood s hemoglobin levels were well below normal. 
Ultimately, Ursula was diagnosed with immune-mediated hemolytie 
anemia, and erisis treatment—a blood transfnsion and the administration 
of eortieosteroids and ehemotherapentie agents—was begun. 






Deseribe the shape of normal red blood eells, and defìne hemolysis 
Explain why Ursula's body temperature had dropped signifieantly. 
Provide a plausible explanation for Ursula's fatígue. 
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LEARNING OUTCOMES 


These Learning 
Onteomes 
eorrespond 
bynnmberto 
this ehapter's 
modnles and 
indieate what 
you should be 
able to do after 
eompleting 
the ehapter. 

V J 


(S) 

Learning Onteomes 
arerepeated atthe 
bottomofeaeh 
module. 


SEGTION 1 


Functìonal Anatomy of Blood Vessels 


18.1 

_ À 



18.4 

_ À 


Distinguish betvveen the pylmonary and systemie circuits, and identify afferent and 
efferent blood vessels. 

Distinguish among the types of blood vessels on the basis of their structure and function. 

Deseribe the structures of eapillaries and their functions in the exchange of dissolved 
materials betvveen blood and interstitial fluid. 

Deseribe the venous system, and indieate the distribution of blood vvithin the 
cardiovascular system. 


^ SECTION 2 • Patterns of Blood Flow 


18.5 

18.6 

18.7 

18.8 

18.9 

18.10 

18.11 

18.12 


18.13 

_ À 


18.14 


w 


Distinguish betvveen vasculogenesis and angiogenesis. 

Identify the major arteries and veins of the pulmonary circuit, and name the areas eaeh 
serves. 

Identify the major arteries and veins of the systemie circuit, and name the areas eaeh 
serves. 

Identify the branehes of the aortie areh and the branehes of the superior vena eava, and 
name the areas eaeh serves. 


venae eavae, and name the areas eaeh serves. 

Identify the branehes of the viseeral arterial vessels and 
the venous branehes of the hepatie portal system, 
and name the areas eaeh serves. 

Identify the branehes of the eommon 
iliae arteries and the branehes of the 
eommon iliae veins, and name the 
areas eaeh serves. 

CLINICALMODULE Identify 
the differenees betvveen fetal 
and adult circulation patterns, 
and deseribe the ehanges in 
blood flovv patterns that occur 
at birth. 




Identify the branehes of the earotid arteries and the branehes of the external jugular 
veins, and name the areas eaeh serves. 

Identify the branehes of the internal earotid and vertebral arteries and the branehes of 
the internal jugular veins, and name the areas eaeh serves. 

Identify the branehes of the deseending aorta and the branehes of the 
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Module18.1 


SECTION 1 • Functìonal Anatomy of Blood Vessels 



The heart pumps blood, In sequence, through 
the arterles, eaplllarles, and velns of the 
pulmonary and systemle clrcuits 


Blood flows through a network of blood vessels that extend between the 
heart and peripheral tissues. Those blood vessels are organized into a 
pulmonary eirenit, which earries blood to and from the gas exchange 
snrfaees of the lungs, and a systemie eirenit, which transports blood to 
and from the rest of the body. Eaeh eirenit begins and ends at the heart, 
and blood travels throngh these eirenits in sequence. Thus, blood 
returning to the heart from the systemie eirenit must eomplete the 
pulmonary eirenit before reentering the systemie eirenit. Blood is 
earried away from the heart by arteries and retnrns to the heart by way 
of veins. Mieroseopie, thin-walled vessels ealled 
eapillaries intereonneet the smallest arteries and 
the smallest veins. Gapillaries are ealled 
exchange vessels, beeanse their thin walls allow 
the exchange of nntrients, dissolved gases, and 
wastes between blood and the surrounding 
interstitial fluid. 



Pulmonary Cìrcuìt 


Pylmonary arteries 
eapillaries in lungs 


Pulmonary veins 



Start 






The rìght atrìum 

(À-trè-um; entry 
ehamber; plural, 
atria) reeeives blood 
from the systemie 
circuit and passes it 
to the right ventrìele 
(VEN-tri-kl; little 
belly), which pumps 
blood into the 
pulmonary circuit. 





Systemíe Circuít 


Gapillaries in head, 
neek, upper limbs 

Systemie arteries 


The left atrium 

eolleets blood from 
the pulmonary circuit 
and empties it into 
the left ventriele, 
which pumps blood 
into the systemie 
circuit. 


Systemie veins 


Gapillaries in trunk 
and lower limbs 


IVIoclule18.1 Revìew 


In this seetion we will take a elose look at the 
structure of the major blood vessels in the body. 


a. Deseribe the pulmonary circuit. 

b. Describethesystemiccircuit. 

e. VVhieh ehamber ofthe heart reeeives blood 
from the systemie circuit? 


18.1 Distinguish between the pulmonary and systemie circuits, 
and identify afferent and efferent blood vessels. 











































Module18.2 


r 


Arterìes and veins dìffer in the 
structure and thkkness of their vvalls 



The walls of arteries and veins eontain three distinet layers: the tnniea 
intima, tnniea media, and tnniea externa. These vessel walls are too 
thiek to allow diffnsion between the blood and tissnes or even between blood 
and the vessel itself. Thus, large vessel walls eontain small arteries and veins 
that supply the smooth muscle eells and fibroblasts of the tunica media and 
tunica externa. These blood vessels are ealled the vasa vasorum 

(“vessels of vessels”). 



Artery 


The tunìca ìntìma (IN-ti-muh), or tunica interna, 
is the innermost layer of a blood vessel.This layer 
includes the endothelial lining and an underlying 
layer of eonneetive tissue eontaining elastie 
fibers. In arteries, the outer margin of the tunica 
intima eontains a thiek layer of elastie fibers 
ealled the ìnternal elastíe membrane. 


The tunlca medla, the middle layer, eontains 
eoneentrie sheets of smooth muscle tissue in a 
framework of loose eonneetive tissue. When 
these smooth muscles eontraet, the vessel 
deereases in diameter; this is ealled vasoeon- 
strletlon. When the smooth muscles relax, the 
diameter inereases; this is ealled vasodllatlon. 
Gollagen fibers bind the tunica media to the 
tunica intima and tunica externa. 



Smooth 

muscle 


Internal elastie 
membrane 



Artery and vein 


LM X 60 


External elastie 
membrane 


Veln 


Endothelium 


Elastie fiber 


Endothelium 


Smooth muscle 


The tunlca externa (eks-TER-nuh), or tunica adventitia, the outermost 
layer of a blood vessel, is a eonneetive tissue sheath. In arteries, this 
layer eontains eollagen fibers with seattered bands of elastie fibers. In 
veins, it is generally thieker than the tunica media and eontains 
networks of elastie fibers and bundles of smooth muscle eells. The 
eonneetive tissue fibers of the tunica externa typieally blend into 
those of adjaeent tissues, stabilizing and anehoring the blood vessel. 


Tunica intima 


Tunica media 



Tunica externa 


Features of Typíeal (Medíum-Sízed) Arterìes and Veíns 

Feature 

Typìeal Artery 

Typìeal Veìn 

General appearanee In seetlonal vlew 

Usually round, with relatively thiek wall 
Small lumen 

Usually flattened or eollapsed, with relatively thin wall 
Large lumen 

Tunlca Intlma 

Endothelium 

Usually rippled, due to vessel eonstrietion 

Often smooth 

Internal elastie membrane 

Present 

Absent 

Tunlca Medla 

Thiek, dominated by smooth muscle eells 
and elastie fibers 

Thin, dominated by smooth muscle eells and eollagen 
fibers 

External elastie membrane 

Present 

Absent 

Tunlca Externa 

Gollagen and elastie fibers 

Gollagen, elastie fibers, and smooth muscle eells 
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Large veins include the superior and inferior venae 
eavae and their branehes. All three vessel wall layers 
are present in all large veins.The slender tunica 
media is surrounded by a thiek 
tunica externa eomposed of a 
mixture of elastie and 
eollagen fibers. 


Tunica externa 
Tunica media 
Tunica intima 



Medíum-sìzed veins range from 2 to 9 mm in 
internal diameter. In these veins, the tunica media is 
thin and eontains smooth muscle eells and eollagen 
fibers.The thiekest layer is the tunica externa, which 
eontains smooth muscle eells and 
longitudinal bundles of elastie and 
eollagen fibers. 


Tunica externa 
Tunica media 
Tunica intima 




Venules eolleet blood from eapillary beds 
and are the smallest venous vessels. 
Venules smaller than 50 pm laek a tunica 
media and resemble expanded 
eapillaries. 

Tunica externa 
Endothelium 





Elastìe arterìes are large vessels that transport 
blood away from the heart.The pulmonary trunk 
and aorta, as well as their major arterial branehes, 

are elastie arteries.These are 


resilient, elastie vessels eapable 


ì 'i r;'i ’ I * 



of stretehing and reeoiling 
as the heart beats and 
arterial pressures ehange. 


Internal elastie 
membrane 

Tunica intima 
Tunica media 
Tunica externa 




Muscular arterìes, or medium-sized arteries, 
distribute blood to the body's skeletal muscles and 

internal organs.They are eharaeter- 
ized by a thicktunica media. It 
eontains more smooth muscle 
eells than does the tunica 
media of elastie arteries. 



Tunica externa 

Tunica media 
Tunica intima 




Arteríoles have a poorly defined tunica externa, 

and the tunica media eonsists of only one 
or two layers of smooth muscle eells. 



Smooth muscle eells 
Endothelium 


eapìllaríes 


Pores 


Endothelial eells 


Basement membrane 



eapíllarìes are the only blood vessels 
whose walls permit exchange between 
blood and the surrounding interstitial 
fluids. Because eapillary walls are thin, 
diffusion distanees are short, so 
exchange ean occur quickly. 

Gapillary structure is examined in 
greater detail in Modnle 18.3. 



Endothelial eells 


Basement membrane 


2 


There are five general elasses of blood vessels in the eardiovasenlar 
system. Arteries earry blood away from the heart. As arteries 


enter peripheral tissnes they braneh repeatedly, and the branehes 
deerease in diameter. The smallest arterial branehes are ealled arterioles 
(ar-TÈR-è'óls). From the arterioles, blood moves into eapillaries, where 
diffnsion oeenrs between blood and interstitial fluid. From the eapillar- 
ies, blood enters small venules (VEN-yuls), which unite to form larger 
veins that return blood to the heart. 


(S) 18.2 Distinguish among the types of blood vessels 
on the basis of their structure and function. 


Modnle 18.2 Revìew 


a. List the five general elasses of blood vessels. 

b. Deseribea eapillary. 

e. A eross seetion oftissue shows several small, thin- 
walled vessels with very little smooth muscle tissue 
in thetunica media.VVhieh type ofvesselsarethese? 
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Module18.3 


r 


eapìllary structure and eapìllary blood flow affeet the 
rates of exchange between the blood and ìnterstìtìal fluìd 

A typieal eapillary eonsists of a tube of endothelial eells within a basement 
membrane. The tunica media and tunica externa are absent. The average diameter 
of a eapillary is a mere 8 pm, very elose to that of a single red blood eell. Two major 
types of eapillaries exist: continuous eapillaries and fenestrated eapillaries. 



Continuous Capillary 

In a continuous eapillary, the endothelinm is a 
eomplete lining. A eross seetion throngh a large 
continuous eapillary cuts aeross several endothelial eells. 
In a small continuous eapillary, a single endothelial eell 
may eompletely eneirele the lumen. Continuous eapillaries 
are loeated throughout the body, in all tissnes except 
epithelia and eartilage. Continuous eapillaries permit the 
diffnsion of water, small solntes, and lipid-soluble materi- 
als into the surrounding interstitial fluid, but prevent the 
loss of blood eells and plasma proteins. In addition, some 
exchange may occur between blood and interstitial fluid 
throngh seleetive vesienlar transport (Module 3.17, p. 118). 
In speeialized continuous eapillaries throughout most of 
the eentral nervons system and in the thymus, the endo- 
thelial eells are bound together by tight jnnetions. Perme- 
ability in these eapillaries is both restrieted and preeisely 
regnlated. 


Fenestrated Capillary 


2 


Fenestrated (FEN-es-trà-ted) eapillaries 


ifenestra, window) are eapillaries that eontain 
“windows,” or pores, that penetrate the endothelial 
lining. The pores permit the rapid exchange of water 
and solntes as large as small peptides between blood 
and interstitial fluid. Examples of fenestrated 
eapillaries inelnde the ehoroid plexus of the brain 
and the eapillaries of the hypothalamns, pitnitary 
gland, pineal gland, and thyroid gland. Eenestrated 
eapillaries are also loeated along absorptive areas of 
the intestinal traet and at filtration sites in the 
kidneys. 



Basement membrane 


Endothelial eell 


Nucleus 



Vesieles eontaining 
materials transported 
aeross the endothelial eell 


Basement 

membrane 


Boundary 

betvveen 

endothelial 

eells 



Fenestrations, 
or pores 


Boundary 
betvveen 
endothelial Basement 


eells 


membrane 
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3 


Sínusoíds (SI-nuh-soydz) resemble fenestrated 
eapillaries that are flattened and irregularly shaped. 


In eontrast to fenestrated eapillaries, sinnsoids 
eommonly have gaps between adjaeent endothelial eells, 
and the basement membrane is either thinner or absent. 
As a result, sinusoids permit the free exchange of water 
and solntes as large as plasma proteins between the slow- 
moving blood and interstitial fluid. Sinusoids occur in 
the liver, bone marrow, spleen, and many endoerine 
organs, inelnding the pitnitary and adrenal glands. 



Gap between 
adjaeent eells 



Venule 


Metarteriole Thoroughfare 

ehannel 


Gapillaries 


Preeapillary sphineters 


More than one artery may supply blood to a eapillary bed.The 
multiple arteries are ealled eollaterals. They fuse before giving 
rise to arterioles.The fusion of two eollateral arteries that supply 
a eapillary bed is an example of an arterìal anastomosís. (An 
anastomosis is thejoining of blood vessels.) An arterial 
anastomosis aets like an insurance poliey: If one artery is 
eompressed or bloeked, eapillary circulation will continue. 


A single arteriole generally gives rise to dozens 
of eapillaries that empty into several venules. 


A preeapìllary sphíneter guards the entranee 
to eaeh eapillary. Gontraetion or relaxation of 
the smooth muscle eells ehanges the diameter 
of the eapillary entranee, thereby eontrolling 
the flow of blood through the sphineter. 


An arteríovenous (ar-tèr-è-ó-VÉ-nus) anasto- 
mosís is a direet eonneetion between an 
arteriole and a venule. When this anastomosis is 
dilated, blood will bypass the eapillary bed and 
flow direetly into the venous circulation.The 
pattern of blood flow through these anastomo- 
ses is regulated primarily by sympathetie 
innervation under the eontrol of the eardiovas- 
cular eenters of the medulla oblongata. 


Smooth 


muscle eells 


Small 


KEY 


venules 


Continuous 
blood flow 


-► Variable 

blood flow 


4 


Capillaries function as part of an intereonneeted network ealled a eapillary 
bed. A eapillary bed eontains several relatively direet eonneetions between 


arterioles and venules. The wall in the initial part of such a passageway eontains 
smooth muscle that ean ehange its diameter. This segment is ealled a metarteriole 
(met-ar-TER-è-ól) or preeapillary arteriole. The rest of the passageway, which 
resembles a typieal eapillary in structure, is ealled a thoroughfare ehannel. 
Although blood normally flows at a eonstant rate from the arteriole to the venule 
aeross the eapillary bed, the flow within eaeh eapillary is quite variable. Bands of 
smooth muscle at the entranee to eaeh eapillary—ealled preeapillary sphineters— 
alternately eontraet and relax, perhaps a dozen times per minute. As a result, the 
blood flow within the assoeiated eapillary occurs in pulses rather than as a steady 
and eonstant stream. The eyeling of eontraetion and relaxation of smooth muscle 
eells that ehange blood flow throngh eapillary beds is ealled vasomotion. 

18.3 Deseribe the structures of eapillaries and their functions in the 

exchange of dissolved materials between blood and interstitial fluid. 


Modyle 18.3 Revíew 


a. Identify the two types ofeapillaries. 

b. Atwhatsitesinthebodyare 
fenestrated eapillaries loeated? 

e. Why do eapillaries permit the diffusion 
of materials, whereas arteries and veins 
do not? 
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The venous system has low pressures and eontains 
almost two-thirds of the body's blood volume 


The arterial system is a high-pressure system: Almost all the foree 
developed by the heart is required to push blood along the network 
of arteries and throngh miles of eapillaries. Blood pressnre in a 
peripheral venule is only about 10 pereent of that in the aseending 
aorta, and pressnres eontinne to fall along the venous system. 


The blood pressure in vennles and 
medium-sized veins is so low that it 
eannot overeome the foree of gravity. In 
the limbs, veins of this size eontain valves, 
folds of the tunica intima that projeet from 
the vessel wall and point in the direetion of 
blood flow. Venous valves (like valves in the 
heart) permit blood flow in one direetion 
only thereby preventing the backflow of 
blood toward the eapillaries. If the walls of 
the veins near the valves weaken or beeome 
stretehed and distorted, the valves may no 
longer work properly. Blood then pools in 
the veins, which beeome grossly distended. 
The effeets range from mild diseomfort 
and a eosmetie problem, as in snperfieial 
varieose veins in the thighs and legs, to 
painfnl distortion of adjaeent tissnes, as in 
the hemorrhoids that form in venous 
networks of the anal eanal. 




Valve 

elosed 


Valve 

elosed 




Valves superior to the 
eontraeting muscle 
open, allovving blood 
to move tovvard 
the heart. 



Valves inferior to the 
eontraeting muscle 
areforeed elosed, 
preventing baekflovv 
of blood to the 
eapillaries. 


When you are standing, venous 
blood from your feet must 
overeomethe pull of gravity 
to aseend to the heart. Valves 
eompartmentalize the blood 
vvithin the veins, thereby 
dividing the vveight of the blood 
betvveen the eompartments. 


Any eontraetion of the surrounding 
skeletal muscles squeezes the blood 
tovvard the heart. Although you are 
probably not avvare of it, vvhen you 
stand, rapid eyeles of eontraetion 
and relaxation are occurring vvithin 
your leg muscles, helping to push 
blood tovvard the trunk. 
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This ehart shows the distribution of 
the body s total blood volume at 
rest. The total blood volume is unevenly 
distribnted among arteries, eapillaries, 
and veins. The systemie venous system 
eontains nearly two-thirds of total blood 
volume. In a man with a 6 L total blood 
volume, systemie veins eontain ronghly 
3.5 L of whole blood. Of that amount, 
approximately 1 L is found in venous 
networks in the liver, bone marrow, 
and skin. The pnlmonary eirenit, 
the heart, and the systemie 
arteries and eapillaries eontain 
the rest of the blood volume 
(about 1.5 L). 


7 % 


3 


If serious hemorrhaging occurs, the 


body maintains blood volume within 
the arterial system at near-normal levels by 
redneing the volume of blood in the venous 
system. In the meehanism involved, the 
vasomotor eenter in the mednlla oblongata 
stimnlates sympathetie nerves innervating 
smooth muscle eells in the tunica media of 
medium-sized veins. The resnlting eontrae- 
tion prodnees venoeonstrietion, redneing the 
diameter of the veins and the amount of blood 
eontained in the venous system. In addition, 
blood enters the general eirenlation from 
venous networks in the liver, bone marrow, 
and skin. Redneing the amount of blood in 
the venous system ean maintain the volume 
within the arterial system at near-normal 
levels despite a signifieant blood loss. 



Sympathetie 
nerves stimulated 



Smooth 

muscle 

eontraets 

Vein 

eonstriets 


Modyle 18.4 Revíew 


a. VVhy are valves loeated in veins, but not 
in arteries? 

b. How is blood pressure maintained in 
veins to counter the foree of gravity? 

e. Define varieose veins. 


18.4 Deseribe the venous system, and indieate the 
distribution of blood within the cardiovascular system. 
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Labelíng 


Label the blood vessels and their eomponents 
in the images below. 


1 




Matehíng 


Mateh eaeh lettered term with the most elosely related deseription. 


a. pulmonary circuit 

b. vein 

e. exchange vessels 

d. continuous eapillary 

e. systemie circuit 

f. rightatrium 

g. venous valves 

h. fenestrated eapillaries 

i. artery 

j. anastomosis 

k. sinusoids 

l. tunica media 


9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 


Left ventriele pumps blood into this 

Relatively thiek wall 

Joining of blood vessels 

Present only in veins 

Blood to and from the lungs 

Present in liver, bone marrow, and spleen 

Relatively thin wall 

Gontain pores 

Smooth muscletissue 

Gapillaries 

Gomplete endothelial lining 
Reeeives blood from systemie circuit 


9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 


Seetíon ìntegratìon 

What is the function of preeapillary sphineters, and what role would you expect them to play during exercise and in eold temperatures? 
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Module18.5 


SECTION 2 • Patternsof Blood Flow 



New blood vessels form throogh vasculogenesís 
and angíogenesìs 



Blood vessels begin as blood islands in the yolk sae 
aronnd the seventh day of embryonie 
development. This marks the beginning of hemopoiesis 
(Modnle 17.3, p* 626). Two eomplementary proeesses 
are involved in forming blood vessels: vasenlogenesis 
and angiogenesis. Vasculogenesis is the formation of 
the first vessels by preenrsor endothelial eells ealled 
hemangioblasts. Angiogenesis is the growth of new 
blood vessels from pre-existing vessels. Angiogenie 
remodeling oeenrs with the migration of endothelial 
eells to form vasenlar networks. 


Blood 

island 





Hemangioblasts in the eenter of 
the blood island differentiate into 

hematopoìetìe stem eells, which 
give rise to all other blood eells. 

Hemangioblasts in the periphery 
beeome angíoblasts, which 
eombine to form the first blood 
vessels. 


Angioblasts remodel the blood 
islands first into primitive eapillary 
networks and then into larger 
arterial and venous networks. 


Formatìon of the Aortíe Areh and Its Branehes 


The aortie arehes are a series 
of arterial ehannelsthat 
ultimately form the earotid 
arteries, the aortie areh, and 
part of the pulmonary arteries. 
The dorsal aorta beeomes 
the deseending aorta. 


Dorsal aorta 


Aortie arehes 


2 


This diagram shows the main arteries 
and veins in a 4-week-old embryo 


when it is abont 4 mm long. The dorsal 
aorta and eardinal veins are prodnets of 
vasenlogenesis. Fnrther growth of blood 
vessels oeenrs throngh angiogenesis. 


Angíogenesís 



Formation of the Venae Cavae 


The eardinal veins are a series 
of venous ehannels that 
ultimately form the superior 
and inferior venae eavae and 
vessels returning to the heart. 


Anterior eardinal vein 
(from eephalie region) 

Posterior eardinal vein 
(from caudal region) 


4WEEKS 


In this seetion we will follow the 
distribntion of the major blood 
vessels in the body. 


Modyle 18.5 Review 


a. Distinguish between vasculogenesis and angiogenesis. 

b. What are blood islands, and from which eells do they 
form? 

e. What is the function ofangioblasts? 


(S) 18.5 Distinguish between vasculogenesis and angiogenesis. 
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Module18.6 

j 


The pulmonary cìrcuìt earries deoxygenated 
blood from the ríght ventrìele to the lungs and 
returns oxygenated blood to the left atríum 



Right \^%ntriclf 
ventricle\ ^ Àí 


Digestive 

organs 


Pulmonary 

círcuít 

(arteries) 


Pulmonary 

círcuít 

(veins) 


Systemie 

circuit 


(arteries) 


1. The peripheral distribations of arteries and 
veins on the body's left and right sides are 
generally identieal, except near the heart, 
where the largest vessels eonneet to the 
atria or ventrieles. 

2. A single vessel may have several names as 
it erosses speeifie anatomieal boundaries, 
making accurate anatomieal deseriptions 
possible when the vessel extends far into 
the periphery. For example, the external 
iliae artery beeomes the femoral artery as it 
leaves the trunk and enters the lower limb. 

3. Tissues and organs are usually servieed by 
several arteries and veins. Often, anastomo- 
ses between adjaeent arteries or veins 
reduce the impaet of a temporary or even 
permanent occlusìon (bloekage) of a single 
blood vessel. 


Kidneys 


Spleen 


Llpper limbs 


Gonads 


Lower limbs 


General Patterns of Blood 
Vessel Organízatíon 


This ílowchart is an overview of the organization of 
the eardiovasenlar system. The pulmonary eirenit 
is eomposed of arteries and veins that transport blood 
between the heart and the Inngs. This eirenit begins at the 
right ventriele and ends at the left atrinm. From the left 
ventriele, the arteries of the systemie eirenit transport 
oxygenated blood and nntrients to all organs and tissnes, 
nltimately retnrning deoxygenated blood to the right 
atrinm. 


Systemie 

circuit 

(veins) 


The table below snmmarizes the 
general organization and naming 


of the body's blood vessels. 
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3 


Arteries of the pulmonary circuit differ from those of the systemie circuit in that they earry 
deoxygenated blood. (This is why most eolor-eoded diagrams show the pnlmonary arteries in 


blue, the same eolor as systemie veins.) By eonvention, several large arteries are ealled trunks; the 
pnlmonary trunk is one important example. As the pnlmonary trunk curves over the superior border 
of the heart, it gives rise to the left and right pnlmonary arteries. These large arteries enter the lungs 
before branehing repeatedly, giving rise to smaller and smaller arteries. The smallest branehes, the 
pnlmonary arterioles, provide blood to alveolar eapillaries that surround small air poekets ealled 
alveoli (al-VE-ó-li; singnlar, alveolns). The walls of the alveoli are thin enough for gas exchange 
between the eapillary blood and inspired air; the blood absorbs oxygen and eliminates earbon dioxide. 
Oxygenated blood leaving the alveolar eapillar- 
ies enters vennles that in turn unite to form 
larger vessels earrying blood toward the 
pnlmonary veins. These four veins, two from 
eaeh lung, deliver oxygenated blood into the 
left atrium, eompleting the pnlmonary eirenit. 


Aortie areh 


Aseending aorta 


Pulmonary trunk 


Superior vena eava 


Right lung 


Right 

pulmonary 

arteries 


Right 

pulmonary 

veins 



Left lung 



pulmonary 

arteries 



pulmonary 


veins 


Alveolus 


Gapillary 


Inferior vena eava 


Deseending aorta 


Modnle 18.6 Revíew 


a. Comparetheoxygencontentinthe 
two circulatory circuits. 

b. Briefly deseribethethreegeneral 
patterns of blood vessel organization. 

e. Traeeadropof blood throughthe 
lungs, beginning atthe rightventriele 
and ending at the left atrium. 


18.6 Identify the major arteries and veins of the 
pulmonary circuit, and name the areas eaeh serves. 
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Module18.7 


r 


Systemíe Arteríal System 


The systemie arterial and venous systems operate 
in parallel, and the major vessels 
often have similar names 



This figure is an overview of the 
systemie arterial system. Note that 
all the vessels of the systemie arterial system 
originate from the aorta, the large elastie 
artery extending from the left ventriele of the 
heart. In eaeh of the six modules that follow, 
the left-hand page will illnstrate and disenss 
the systemie arterial vessels and their 
branehes. To reduce clutter, “artery” will not 
be repeated in every label. Beeanse most of 
the major arteries are paired, with one artery 
of eaeh pair on either side of the body, the 
terms “right” and “left” will appear in figure 
labels only when the arteries on both sides are 
labeled. 


Vertebral 
eommon earotid 

Subclavian 


Braehioeephalie 

trunk 

Axillary 

Aseending 

aorta 


Braehial 


Radial 


Digital 

arteries 


Fibular 


Dorsalis pedis 


Plantar areh 


Aortie areh 
Deseending aorta 

Diaphragm 

Geliae trunk 


Gonadal 


Lumbar 


Gommon iliae 


Internal iliae 
External iliae 



Deseending genicular 


Posterior tibial 


Anterior tibial 
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Systemíe Venous System 



Vertebral 
External jugular 
Internal jugular 


Subclavian 


Braehioeephalie 


Axillary 


Superior vena eava 


Gephalie 

Braehial 

Basilie 


Intereostal veins 


Diaphragm 
Inferior vena eava 


Gonadal 


Radial 

Median 

antebraehial 


Lumbar veins 


Gommon iliae 


Internal 



External 


Small saphenous 


Posterior tibial 


Fibular 


Anterior tibial 


Plantar venous areh 
Dorsal venous areh 


Superficial veins 
Deep veins 


2 


This figure is an overview of the 
systemie venous system. Note that 


all of the vessels of the systemie venous 
system merge into two large veins: the 
superior vena eava, which eolleets 
systemie blood from the head, ehest, and 
upper limbs, and the inferior vena eava, 
which eolleets systemie blood from all 
structures inferior to the diaphragm. In 
eaeh of the six modnles that follow, the 
right-hand page will illnstrate and disenss 
the systemie venous vessels and their 
branehes. To reduce clutter, “vein” will not 
be repeated in every label; the same name 
often applies to both the artery and the 
vein servieing a partienlar structure or 
region. Additionally, “right” and “left” will 
appear in figure labels only when the veins 
on both sides are shown. 


One signifieant differenee between the 
arterial and venous systems eoneerns 
the distribution of major veins in the 
neek and limbs. Arteries in these areas 
are loeated deep beneath the skin, 
proteeted by bones and surrounding 
soft tissnes. In eontrast, the neek and 
limbs generally have two sets of 
peripheral veins, one snperfieial and 
the other deep. This dual venous 
drainage is important for eontrolling 
body temperatnre. In hot weather, 
venous blood flows through superfi- 
eial veins, where heat loss ean occur; 
in eold weather, blood is routed to the 
deep veins to minimize heat loss. 


Modyle 18.7 Revìew 


a. Identify the largest artery in the body. 

b. Name the two large veins that eolleet 
blood from the systemie circuit. 

e. Besides eontaining valves, eite another 
major differenee between the arterial 
and venous systems. 


18.7 Identify the major arteries and veins of the 
systemie circuit, and name the areas eaeh serves. 
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Module18.8 


Systemíe Arteríal System 



The branehes of the aortìe 
areh supply structures... 


The Rìght Subclavian Artery 

Two major branehes arise before a 
subclavian artery leaves the thoraeie 
eavity: (1) the ínternal thoraeíe 
artery (internal mammary), 
supplying the pericardium and 
anterior wall of the ehest; and (2) the 
vertebral artery, which provides 
blood to the brain and spinal eord. 


Arteries of the Arm 


After leaving the thoraeie eavity and 
passing aeross the superior border 
of the first rib, the subclavian is 
ealled the axillary artery. This artery 
erosses the axilla to enter the arm, 
where it beeomes the braehial 
artery, which supplies blood to the 
upper limb. The braehial artery gives 
rise to the deep braehial artery, 
which supplies deep structures on 
the posterior aspeet of the arm, and 
the ulnar eollateral arteries, which 
supply the area around the elbow. 


Arteries of the Forearm 


As it approaehes the eoronoid fossa 
of the humerus, the braehial artery 
divides into the radial artery, which 
follows the radius, and the ulnar 
artery, which follows the ulna to the 
wrist. At the wrist, the radial and 
ulnar arteries fuse to form the 
superficial and deep palmar 
arehes, which supply blood to 
the hand and to the digital 
arteries of the thumb and fingers. 


Start 






Branehes of the Aortie Areh 

Three elastie arteries originate along the aortie areh and deliver blood to 

the head, neek, shoulders, and 

upper limbs: 


The braehioeephalie 

The left eommon 

The left subcla- i 

(brà-kè-ó-se-FAL-ik) trunk is 

earotid artery. 

vian artery, the 

the first braneh off the aortie 

the seeond vessel 

third artery arising 

areh. It aseends for a short 

arising from the 

from the aortie 

distanee before branehing 

aortie areh. 

areh, has the same 

to form the right subcla- 

supplies the left 

distribution 

vian artery and the right 

side of the head 

pattern as the right | 

eommon earotid artery. 

and neek. 

subclavian artery. 


Vertebral 

Internal 

thoraeie 


Axillary 


braehial 


Braehial 


eollateral 

arteries 
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Aortie areh 

Aseending 

aorta 


Deseending 

aorta 


Radial 


Deep palmar areh 


Superficial palmarareh 


Digital arteries 















































Systemie Venous System 



... that are draíned by 
the superíor vena eava 


Veins of the Neek 




The Ríght Subclavían Veín 


The axillary vein is joined by the 
eephalie vein on the lateral surface of 
the first rib, forming the subclavìan 
vein, which continues into the ehest. 


Veinsofthe Arm 


As the braehial vein merges with the 

basilie vein it beeomes the axillary 
vein, which enters the axilla. 


The eephalie vein extends along the 
lateral side of the arm. 


Veins of the Forearm 


The median cubital vein intereonneets 
the eephalie and basilie veins. (The 
median cubital is the vein from which 
venous blood samples are typieally 
eolleeted.) 


The ulnar vein and the radial vein 
drain the deep palmar areh. Before 
erossing the elbow, these veins fuse to 
form the braehial vein. 


The eephalie vein, the median 
antebraehial vein, and the basilie vein 
drain the superficial palmar areh 



Start 




The digital 
^ veins empty into 
superficial and 
deep veinsofthe 
hand, which are 
intereonneeted to 
form the palmar 
venous arehes. 


The external 

The vertebral 

The internal 

jugular vein 

vein drains the 

Jugular vein 

drains superfi- 

eervieal spinal 

drains deep 

eial structures 

eord and the 

structures of 

of the head and 

posterior surface 

the head and 

neek. 

of the skull. 

neek. 



/ 


The braehioeephalie 
vein forms as the jugular 
veins empty into the 
axillary vein. It reeeives 
blood from the vertebral 
vein and the internal 
thoraeie vein draining 
the anterior ehest wall. 




The superior vena eava 
(SVC) earries blood from 
the two braehioeephalie 
veins to the right atrium 
of the heart. 


The internal thoraeie vein eolleets 


blood from the intereostal veins and 
delivers it to the braehioeephalie vein. 


Superficial veins 
Deep veins 


Deep palmar areh 


Modyle 18.8 Review 


Superficial 
palmar areh 


Name the two arteries formed by the 
division ofthe brachiocephalictrunk. 

A bloekage of which braneh of the 
aortie areh would interfere with blood 
flow tothe left arm? 

VVhenever Thor gets angry, a large vein 
bulges in the lateral region of his neek. 
VVhieh vein is this? 


18.8 Identify the branehes of the aortie areh and the branehes 
of the superior vena eava, and name the areas eaeh serves. 
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Module18.9 

j 


Systemíe Arteríal System 


The external earotìd arteries supply the neek, 
lovver jaw, and faee, and the ìnternal earotìd 
and vertebral arteries supply the brain... 



The eommon earotíd arteries aseend deep in the tissnes of the 
neek and snpply blood to the strnetnres of the faee, neek, and 
brain. To loeate the earotid artery, gently press a finger along either side 
of the windpipe (traehea) nntil you feel a strong pulse. Details of the 
arterial supply of the brain are eovered in Module 18.10. 


Garotid eanal 


Basilar 


The ìnternal earotìd 
artery enters the skull 
through the earotid eanal 
ofthe temporal bones, 
delivering blood to the 
brain and to the eyes. 


The vertebral artery 

arises from the subclavian 
artery and aseends within 
the transverse foramina of 
the eervieal vertebrae. The 
left and right vertebral 
arteries enter the cranium 
at the foramen magnum, 
where they fuse along the 
ventral surface of the 
medulla oblongata to 
form the basílar artery. 



Superficial 

temporal 


Branehes of the 
External Garotíd 


l\/laxillary 


Oeeipital 


Faeial 


Lingual 

External 

earotid 


Eaeh external 
earotìd artery 

branehes to 
supply the neek, 
esophagus, 
pharynx, larynx, 
lower jaw, 
cranium, and faee 
on that side. 


The earotìd sinus, loeated at the 
base of the internal earotid artery, 
may extend along a portion of 
the eommon earotid. It eontains 
baroreeeptors involved in the eontrol 
of blood pressure. 


Eaeh eommon earotíd artery 

divides into an external earotid 
artery and an internal earotid artery. 


Axillary 


Subclavian Braehioeephalie trunk 
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Systemie Venous System 


... vvhile the extemal jugular veins drain the 
regions supplied by the external earotid arteries, 
and the internal Jugular veins drain the brain 


2 


The external jugular veins are formed by the maxillary and 
temporal veins, while the internal jugular veins drain the 


blood from the varions venons sinnses within the eraninm (see 
Modnle 18.10 for additional details). The external and internal 
jngnlar veins eombine with the vertebral and snbelavian to form 

the braehioeephalie vein. 


Dural sinuses 
draining the brain 


Jugular foramen 


The vertebral vein 

drains the eervieal 
spinal eord and the 
posterior surface of 
the skull. It deseends 
within the transverse 
foramina of the 
eervieal vertebrae 
and empties into the 
braehioeephalie vein. 


Axillary 


Right 

subclavian 


Superior 
vena eava 



Temporal 


IVlaKÌllary 


Faeial 


Oeeipital 


External 

jugular 


Branehes of the 
External Jugular 


Eaeh external jugular 
vein reeeives blood 
from veins draining 
blood from the 
cranium, faee, lower 
jaw, and neek on that 
side. 


Eaeh internal jugular vein exits 
the skull through the jugular 
foramen and delivers blood to 
the braehioeephalie vein on 
that side. 


Right braehioeephalie 
Left braehioeephalie 


Modyle 18.9 Revíew 


a. Name the arterial structure in the neek 
region that eontains baroreeeptors. 

b. Identify the branehes ofthe external 
earotid artery. 

e. Identify the veins that eombine to form 
the braehioeephalie vein. 


18.9 Identify the branehes of the earotid arteries and the branehes 
of the external jugular veins, and name the areas eaeh serves. 
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Module 18.10 


r 


Systemíe Arteríal System 


The ìnternal earotìd arteries and the 

vertebral arterìes supply the brain.. 



This lateral view shows the major arteries supplying the 
brain. The internal earotid arteries normally supply 
the arteries of the anterior half of the eerebrnm, and the rest 
of the brain reeeives blood from the vertebral and basilar 
arteries. The internal earotid artery aseends to the level 
of the optie nerves, where eaeh artery divides into three 
branehes: (1) an ophthalmíe artery, which snpplies the 
eyes; (2) an anterior eerebral artery, which snpplies the 
frontal and parietal lobes of the brain; and (3) a míddle 
eerebral artery, which snpplies the midbrain and the 
lateral snrfaees of the eerebral hemispheres. 

Posterior 
eerebral 


Middle 

eerebral 


Anterior 

eerebral 



Basilar 


Ophthalnnie 


Vertebral 


Gerebral arterial eirele 


Internal earotid 


The internal earotid arteries and the basilar artery are 
intereonneeted in a ring-shaped anastomosis ealled the 

eerebral arterial eirele. 



Anterior eerebral 

Ophthalmie 

Internalearotid 

(cut) 


Middle eerebral 

Pituitary gland 

Posterior 

eerebral 

Gerebellar 





Gerebral Arteríal Círcle 

Anterior 

communicating 


The eerebral arterial eirele. 

Anterior 

eerebral 


or eirele of VVillis, eneireles the 


infundibulum of the pituitary 

Posterior 


gland.This arrangement reduces 
the likelihood of a serious 

communicating 


interruption of eerebral blood 

Posterior 


flow, because the brain ean 

eerebral 


reeeive blood from either the 



earotid orthe vertebral arteries. 


Basilar 


Vertebral 


VVithin the cranium, the 
vertebral arteries and the basilar 
artery supply blood to the spinal 

I 

eord, medulla oblongata, pons, 
and cerebellum before dividing 
into the posterior eerebral 
arteries, which in turn braneh off 
into the posterior communicat- 
ing arteries. 
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Systemie Venous System 





1 -* 




... which is drained by the dural sinuses 
and the internal jugular veins 


The superìor sagìttal sínus, ín 

the falx eerebri, is the largest 
dural sinus. 


3 


The superficial eerebral veins and small veins of the brain stem empty 
into a network of dural sinuses. Most of the deep eerebral veins 


eonverge within the brain to form the great eerebral vein, which 
delivers blood from the interior of the eerebral hemispheres and the 
ehoroid plexus to the straight sinus. Numerous small veins from 
the orbit and other eerebral veins drain into the eavernons sinus. 



Superior sagittal sinus 
Inferior sagittal sinus 

Straight sinus 
Cavernous sinus 
Oeeipital sinus 



Right transverse sinus 
Right sigmoid sinus 
Petrosal sinuses 



Internal jugular 


eerebral 


vein 


4 


The eavernons sinus empties into the two petrosal sinuses, 


which in turn drain into the transverse sinnses. The transverse 
sinnses, the straight sinus, and the snperior sagittal sinus eonverge to 
form the sigmoid sinnses, which 
penetrate the jugular foramina 
and leave the skull as the 
internal jugular veins. 


Cavernous 

sinus 


Internal 

jugular 


eerebellar 

veins 



Superior sagittal 
sinus (cut) 


The vertebral vein on eaeh 
side reeeives blood from the 
transverse sinus and oeeipital 
sinus as well as superficial veins 
of the skull and veins draining 
the eervieal vertebrae. 


eerebral veins 


Petrosal 

sinus 


Sigmoid 

sinus 


Modyle 18.10 Revíew 


Straight sinus 


Transverse 

sinus 


a. Name the three branehes ofthe 
internal earotid artery. 

b. Deseribe the structure and function of 
the eerebral arterial eirele. 

e. Nametheveinsthatdrain thedural 
sinuses ofthe brain. 


Oeeipital sinus 

18.10 Identify the branehes of the internal earotid and vertebral arteries and 
the branehes of the internal jugularveins, and name the areas eaeh serves. 
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Module 18.11 

j 


Systemie Arterial System 


The regions sopplied by the deseending aorta 

The deseending aorta is eontinnons with the aortie areh. 

The diaphragm divides the deseending aorta into a snperior 
thoraeie aorta and an inferior abdomínal aorta. The fignre details 
the branehes of the thoraeie aorta and introdnees the branehes 
of the abdominal aorta that are detailed fnrther in the 
table below. 



Aortie areh 


Internal thoraeie 


Thoraeie aorta 


Somatie Branehes of 
the Thoraeíe Aorta 


Intereostal arteríes 

supply the ehest myseles 
and the vertebral column 


area. 


Superìor phrenìe 
(FREN-ik) arteríes deliver 
blood to the superior 
surface of the diaphragm. 


Diaphragm 
Inferior phrenie 

Adrenal 

Renal 

Gonadal 

Lumbar 
Gommon iliae 


Víseeral Branehes of 
theThoraeíe Aorta 



Viseeral branehes of the 
thoraeie aorta supply 


the organs of the ehest. 


Bronehìal arterìes 

supply the tissues of the 
lungs not involved in gas 
exchange. 


Esophageal arterìes 

supply the esophagus. 


Medíastìnal arterìes 

supply the tissues of the 
mediastinum. 


Perìeardìal arterìes 


supply the pericardium. 


Geliae trunk 


Left gastrie 

Splenie 

Gommon 

hepatie 


Branehes of 
the eeliae 
trunk 


Superior mesenterie 
Abdomial aorta 


Inferior mesenterie 


Major Paired Branehes of the Abdominal Aorta ■ Major Unpaired Branehes of the Abdominal Aorta 


• The ínferìor phrenìe arterìes supply the inferior surface of the 
diaphragm and the inferior portion of the esophagus. 

• The adrenal arterìes supply the adrenal glands, which eap the 
superior part of eaeh kidney. 

• The short renal arterìes arise along the posterolateral surface of 
the abdominal aorta, just inferior to the superior mesenterie artery. 
We will eonsider the branehes of the renal arteries in Ghapter 24. 

• The gonadal (gó-NAD-al) arteríes originate between the superior 
and inferior mesenterie arteries. In males, they are ealled testicular 
arteries; in females, they are termed ovarian arteries.The distribu- 
tion of gonadal vessels (both arteries and veins) differs by sex; we 
will examine the differenees in Ghapter 26. 

• Small lumbar arterìes arise on the posterior surface of the aorta 
and supply the vertebrae, spinal eord, and abdominal wall. 


• The eelìae (SE-lé-ak) trunk divides into three branehes: (1) the 
left gastrie artery, which supplies the stomaeh and the inferior 
portion of the esophagus; (2) the splenie artery, which supplies 
the spleen and arteries to the stomaeh; and (3) the eommon 
hepatie artery, which supplies arteries to the liver, stomaeh, 
gallbladder, and the proximal portion of the small intestine. 

• The superíor mesenteríe (mez-en-TER-ik) artery arises inferior 
to the eeliae trunkto supply arteries to the panereas and 
duodenum, and to most of the large intestine. 

• The ínferíor mesenteríe artery arises just superior to the 
bifurcation of the aorta, and it delivers blood to the terminal 
portions of the eolon and the rectum. We will examine the 
branehes of these vessels in Module 18.12. 


670 • ehapter 18: Blood Vessels and Circulation 




































































... are draìned by the superior and inferíor venae eavae 


2 


The superior vena eava drains blood from the head, neek, shoulders, 
ehest, and upper limbs. The ehief eolleeting vessels of the thorax are the 
azygos (AZ-i-gos) vein and the hemiazygos vein. These veins reeeive blood 
from (1) intereostal veins, which in turn reeeive blood from the ehest 
mnseles; (2) esophageal veins, which drain blood from the inferior portion 
of the esophagns; (3) bronehial veins draining the passageways of the lungs; 
and (4) mediastinal veins draining other 
mediastinal structures. The inferior vena 
eava eolleets most of the blood 
inferior to the diaphragm. 


Braehioeephalie 


Superior vena eava 


Internal thoraeie 


Inferior vena eava 

Hepaties 


Phrenie 

Adrenal 


Gonadal 


Lumbar 


Gommon iliae 



The Azygos and 
Hemìazygos Veìns 




The azygos vein is a major 
braneh of the superior 
vena eava. 


The smaller hemiazygos 
vein drains into the 
azygos vein, and may 
also drain into the left 
braehioeephalie vein. 


Branehes: 

Esophageal, bronehial, 
and mediastinal veins 

intereostal veins 


Major Branehes of the Inferior Vena Cava 


• Lumbar veins drain the lumbar portion of the abdomen, including 
the spinal eord and muscles of the body wall. 

• Gonadal (ovarian or testicular) veins drain the ovaries or testes. The 
right gonadal vein empties into the inferior vena eava; the left gonadal 
vein generally drains into the left renal vein. 

• Hepatie veins drain the sinusoids of the liver. 

• Renal veins, the largest branehes of the inferior vena eava, eolleet 
blood from the kidneys. 

• Adrenal veins drain the adrenal glands. In most individuals, only the 
right adrenal vein drains into the inferior vena eava; the left adrenal 
vein drains into the left renal vein. 

• Phrenie veins drain the diaphragm. Only the right phrenie vein drains 
into the inferior vena eava; the left drains into the left renal vein. 


l\/lodule 18.11 Review 


a. Graee is in an automobile aeeident, 
and her eeliae trunk is ruptured. VVhieh 
organs will be affeeted most direetly by 
this injury? 

b. VVhieh vessel eolleets most of 
the venous blood inferior to the 
diaphragm? 

e. Identify the major branehes ofthe 
inferiorvena eava. 


18.11 Identify the branehes of the deseending aorta and the 
branehes of the venae eavae, and name the areas eaeh serves. 
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Module 18.12 


The viseera supplíed by the eelíae 
trunk and mesenterie arteries... 


Systemie Arterial System 


The abdominal aorta begins immediately inferior to the diaphragm. 
Three nnpaired branehes snpply the abdominal viseera: the eeliae 
trunk, the superior mesenterie artery, and the inferior mesenterie artery. 




Geliae trunk 


Stomaehi 


Ranerreas 


Réíítliíiiì 


The CeliacTrunk 

The eeliae trunk divides 
into the eommon hepatie 
artery, the left gastrie artery, 
and the splenie artery. 

The eommon hepatie artery branehes 
to supply the liver, stomaeh, gallblad- 
der, and the duodenum (the proximal 
segment of the small intestine). 

The left gastrie artery supplies the 
stomaeh. Its anastomosis with the 
right gastrie artery ensures the 
stomaeh a continuous blood supply. 

The splenie artery 

supplies the spleen and 
sends branehes to the 
stomaeh and panereas. 


Branehes of the 
eommon Hepatíe Artery 

Hepatie artery proper (liver) 

Gystie (gallbladder) 

Gastroduodenal (stomaeh 

and duodenum) 

Right gastrie (stomaeh) 

Right gastroepiploie 
(stomaeh and duodenum) 

Superior panereatieo- 
duodenal (duodenum) 


Aseending eolon 


Superìor Mesenterìe 
Artery 


The superìor mesenterìe 
artery branehes to supply 
the panereas and duode- 
num, small intestine, and 
most of the large intestine. 


Inferior panereatieo- 
duodenal (panereas and 

duodenum) 

Right eolie (large intestine) 
lleoeolie (large intestine) 

Middle eolie (cut) 
(large intestine) 

Intestinal arteries (small 

intestine) 


Spleen 


Branehes of the 
Splenie Artery 


Left gastroepiploie 
(stomaeh) 

Panereatie (panereas) 


Inferior Mesenterie 
Artery 


The inferior mesenterie 
artery delivers blood to 
the terminal portions of 
the eolon and the rectum. 


Left eolie (eolon) 


Sigmoid (eolon) 


Reetal (rectum) 
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I 



Inferior vena eava 


Left gastrie 


Right gastrie 


Hepaties 


Splenìe Veìn and Its 
Branehes 


Gystie 
Hepatie portal 


Left gastroepiploie 
(stomaeh) 

Right gastroepiploie 
(stomaeh) 

Panereatie 


Panereas 


Deseending eolon 


Systemíe Venous System 


18.12 Identify the branehes of the viseeral arterial vessels and the venous 
branehes of the hepatie portal system, and name the areas eaeh serves. 
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Superíor Mesenteríe 
Veìn and Its Branehes 

Pancreaticoduodenal 

Middle eolie (from 
transverse eolon) 

Right eolie (aseending 

eolon) 

lleoeolie (ileum and 
aseending eolon) 

Intestinal (small intestine) 


Inferíor Mesenteríe 
Veín and Its Branehes 

Left eolie (deseending 
eolon) 

Sigmoid 
(sigmoid eolon) 

Superior reetal (rectum) 


Branehes of the Hepatìe Portal Vein 


The inferior mesenterie vein eolleets blood from eapillaries along the 
inferior portion of the large intestine. It drains the left eolie vein and 
the superior reetal veins, vvhieh eolleet venous blood from the 
deseending eolon, sigmoid eolon, and rectum. 

The splenie vein isformed by the union of the inferior mesenterie vein 
and veins from the spleen, the lateral border of the stomaeh (left 
gastroepiploie vein), and the panereas (panereatie veins). 

The superior mesenterie vein eolleets blood from veins draining the 
stomaeh (right gastroepiploie vein), the small intestine (intestinal and 
pancreaticoduodenal veins), and tvvo-thirds of the large intestine 
(ileoeolie, right eolie, and middle eolie veins). 


Modyle 18.12 Revíew 


a. List the unpaired branehes of the 
abdominal aorta that supply blood to 
the viseeral organs. 

b. Identify the three veins that merge to 
form the hepatie portal vein. 

e. Identify tvvo veins that earry blood 
avvay from the stomaeh. 


The hepatie portal vein forms through the fusion of the snperior mesenterie, inferior 
mesenterie, and splenie veins. The largest volume of blood (and most of the nntrients) 


flows throngh the snperior mesenterie vein. The hepatie portal vein reeeives blood from the left 
and right gastrie veins, which drain the medial border of the stomaeh, and from the eystie vein, 
eoming from the gallbladder. This eirenlatory pattern is ealled the hepatie portal system. It 
direets blood with absorbed nntrients from the digestive system to the liver for proeessing. 


... are draìned by the branehes of the hepatie portal veìn 






































































Module 18.13 


The pelvìs and lower límbs are supplíed by 
branehes of the eommon ìlíae arteríes... 


Systemíe Arteríal System 


Near the level of vertebra L 4 , the abdominal aorta divides to form 
a pair of elastie arteries: the right and left eommon iliae (IL-è-ak) 
arteries. At the level of the inmbosaeral joint, eaeh eommon iliae divides 
to form an internal iliae artery and an external iliae artery. 



Anterìor Vìew 


eommon iliae 
External iliae 


The external iliae artery 
beeomes the femoral artery 

as it enters the lower limb. 


The deep femoral artery, 

the first large braneh of 
the femoral artery, forms 
the femoral cìrcumflex 
arteríes that supply blood 
to the ventral and lateral 
regions of the skin and deep 
muscles of the thigh. 



Internal llíae and Its Branehes 


PosterìorVìew 


The internal iliae artery enters the 
pelvie eavity to supply the urinary 
bladder, the internal and external 
walls of the pelvis, the external 
genitalia, the medial side of the 
thigh, and, in females, the uterus and 
vagina. It has four major branehes: 


Lateral saeral 
Internal pudendal 
Obturator 
Superior gluteal 


Femoral 




f 


i i 


Right external 
iliae 


Deep femoral 


Femoral 

circumflex 


í 


Posterior to the knee joint, 
the femoral artery beeomes 
the poplìteal (pop-LIT-é-al) 
artery, which then 
branehes to form the 
posteríor and anteríor 
tìbìal arteries. 


Anterior tibial 


Posterior tibial 


Fibular 









2Ì 


^ K 

p 


The deseending genicular artery 
supplies the area around the knee. 


Arteríes of the Foot 


In the foot, the tibial and fibular 
arteries are intereonneeted by the 
anastomoses of the dorsalìs pedìs, 
dorsal areh, and plantar areh, 
which supply distal portions of the 
foot and the digital arteries of the 
toes. 


Dorsalis pedis 

Medial plantar 
Lateral plantar 

Dorsal areh 
Plantar areh 


i 



Popliteal 


Anterior tibial 


Posterior tibial 


The posterior 
tibial artery gives 
rise to the fìbular 
artery, or 
peroneal {perone, 
fibula) artery, 
before continuing 
inferiorly along 
the posterior 
surface ofthe 
tibia. 
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Systemie Venous System 





eommon ìliae veins 


2 


The external iliae veins reeeive blood from the lower limbs, the pelvis, 
and the lower abdomen. As the left and right external iliae veins eross 


the inner snrfaee of the ilinm, they are joined by the internal iliae veins, which 
drain the pelvie organs. The internal iliae veins are formed by the fnsion of the 
glnteal, internal pndendal, obtnrator, and lateral saeral veins. The nnion of 
external and internal iliae veins forms the eommon iliae vein. 


AnterìorVìew 


The plantar venous 
areh delivers blood to 
thedeepveinsofthe 
leg: the anteríor tìbíal, 
the posterìor tìbìal, 
and thefíbular 
(peroneal) veìns. 



eommon iliae 

External iliae 
Internal iliae 


Gluteal 


Internal pudendal 


Lateral saeral 


Obturator 
Femoral 


Femoral circumflex 


Deep femoral 


Femoral 


Great saphenous 


Popliteal 


Small saphenous 


Anterior tibial 


Posterior tibial 


Fibular 


Digital 


The dorsal venous areh 

eolleets blood from eapillaries 
on the superior surface of the 
foot and the digital veins of the 
toes.The dorsal venous areh is 
drained by two superficial veins: 
the great saphenous (sa-FÈ- 
nus) vein (saphenes, prominent) 
and the small saphenous veìn. 



PosteríorVíew 


Immediately before , 

penetrating the abdominal 
wall, the femoral vein 
reeeives blood from (1) the 
great saphenous vein; (2) the 
deep femoral veìn, which 
eolleets blood from deeper 
structures in the thigh; and 
(3) the femoral círcumflex 
vein, which drains the 
region around the neek and 
head ofthefemur.The 
femoral vein penetrates the 
body wall and emerges in 
the pelvie eavity as the 
external iliae vein. 
_ ) 


At the popliteal fossa, 
the small saphenous vein 
merges with the popliteal 
vein to form the femoral 
vein. 

^ _ J 


IVIodule 18.13 Revìew 


a. Namethefirsttwo branehes 
of the eommon iliae artery. 

b. Ablood elotthatbloeksthe 
popliteal vein would interfere 
with blood flow in which 
otherveins? 

e. The plantar venous areh 
earries blood to which three 
veins? 


18.13 Identify the branehes of the eommon iliae arteries and the 
branehes of the eommon iliae veins, and name the areas eaeh serves. 
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Module 18.14 


+ 


CLINICAL MODULE 



The pattern of blood flow throogh the fetal heart 
and the systemk cìrcuit must ehange at bírth 



Fetal blood ílows to the plaeenta throngh a pair of umbilical arteries, 
which arise from the internal iliae arteries and enter the nmbilieal eord. 
Blood retnrns from the plaeenta in the single umbilical vein, bringing oxygen 
and nntrients to the developing fetns. The nmbilieal vein drains into the ductus 
venosus, a vascular eonneetion to an intrieate network of veins within the 
developing liver. The ductus venosus eolleets blood from the veins of the liver 
and from the nmbilieal vein, and empties into the 
inferior vena eava. When the plaeental eonneetion 
is broken at birth, blood stops flowing in the 
nmbilieal vessels, and they soon degenerate. 

However, remnants of these vessels persist 
throughout life as fibrous eords. 


Plaeenta 



Prior to birth, the lungs are eollapsed 
and most blood bypasses the pulmonary 
circuit eompletely.The foramen ovale, 
or interatrial opening, allows blood to 
pass from the right atrium to the left 
atrium, but any backflow is prevented by 
a flap that aets like a one-way valve. 


A seeond short circuit exists between the 
pulmonary trunk and the aorta.This 
eonneetion, the ductus arterìosus, 
eonsists of a short, muscular vessel. Most 
of the blood that does reaeh the right 
ventriele flows through the ductus 
venosus and enters the systemie circuit 
rather than flowing through the 
pulmonary arteries. 


Pulmonary 

trunk 


Inferior vena eava 


Ductus venosus 


Llmbilieal 


Llmbilieal arteries 


Full-term fetus 
(before birth) 


After delivery 


2 


At birth, the infant takes a first breath, inflating 
the Inngs and expanding the pnlmonary blood 


vessels. Blood rnshes into the pnlmonary vessels, and the 
resnlting pressnre ehanges at the heart elose the foramen 
ovale. In adnlts, the heart has a shallow depression, the 
fossa ovalis, at the loeation of the fetal passageway. 
Within a few seeonds, rising levels stimnlate eonstrie- 
tion of the ductus arteriosus, isolating the pnlmonary 
and aortie trunks from one another. The remnants of the 
ductus arteriosus persist throughout life as a fibrous eord 
known as the ligamentum arteriosum. 



Ductus arteriosus 
(elosed) 


Pulmonary trunk 


Left atrium 

Foramen ovale 
(elosed) 

Right atrium 


Left ventriele 


Right ventriele 


Inferior 
vena eava 
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Ventricular 
septal defeet 

Ventricular 

septunn 



Ventrìcular Septal Defeet 


Ventrícular septal defeets are openings in the 
interventricular septum that separate the right 
and left ventrieles.These defeets are the most 
eommon eongenital heart problems, affeeting 
0.12 pereent of nevvborns. The opening betvveen 
the tvvo ventrieles has an effeet similar to a 
eonneetion betvveen the atria: When the more 
povverful left ventriele beats, it ejeets blood into 
the right ventriele and pulmonary circuit. 


3 


Although minor individual varia- 
tions in the vascular network are 


quite eommon, eongenital cardiovascular 
problems serious enough to threaten 
homeostasis are relatively rare. Most 
eongenital heart problems result from 
abnormal formation of the heart or 
problems with the eonneetions between 
the heart and the great vessels. If 
diagnosed early, most ean be surgically 
eorreeted—sometimes prior to delivery. 


Patent ductus 
arteriosus 


Patent 

foramen 

ovale 



Patent Foramen Ovale and Patent Ductus Arterìosus 


If the foramen ovale remains open, or patent, 
blood recirculates through the pulmonary 
circuit instead of entering the left ventriele.The 
movement, driven by the relatively high systemie 
pressure, is ealled a"left-to-right shunt."Arterial 
oxygen eontent is normal, but the left ventriele 
must work much harder than usual to provide 
adequate blood flowthrough the systemie 
circuit. Henee, pressures rise in the pulmonary 


circuit. If the pulmonary pressures rise enough, 
they may foree blood into the systemie circuit 
through the ductus arteriosus.This eondition— 
a patent ductus arterìosus —ereates a 
"right-to-left shunt."Because the circulating 
blood is not adequately oxygenated, it 
develops a deep red eolor.The skin then 
develops the blue tones typieal of eyanosis 
and the infant is known as a"blue baby." 


Patent ductus 
arteriosus 


Pulmonary 

stenosis 

Ventricular 
septal defeet 

Enlarged 
right ventriele 



Tetralogy of Fallot 


The tetralogy of Fallot (fa-LO) is a complex 
group of heart and circulatory defeets that 
affeet 0.10 pereent of newborn infants. In 
this eondition, (1) the pulmonary trunk is 
abnormally narrow (pulmonary stenosis), 

(2) the interventricular septum is ineomplete, 

(3) the aorta originates where the interven- 
tricular septum normally ends, and 


(4) the right ventriele is enlarged and both 
ventrieles thieken in response to the inereased 
workload. 


Atrial 

defeet 


Ventricular 

defeet 



Atríoventrícular Septal Defeet 


In an atrìoventrìcular septal defeet, both 
the atria and ventrieles are ineompletely 
separated.The results are quite variable, 
depending on the extent of the defeet and the 
effeets on the atrioventricular valves. This type 
of defeet most eommonly affeets infants with 
Down's syndrome, a disorder caused by the 
presenee of an extra eopy of ehromosome 21. 


Patent ductus 
arteriosus 

Aorta 

Pulmonary 

trunk 



Transposítíon of the Great Vessels 


In the transposítíon of the great vessels, 

the aorta is eonneeted to the right 
ventriele instead of to the left ventriele, 
and the pulmonary artery is eonneeted 
to the left ventriele instead of to the 
right ventriele.This malformation affeets 
0.05 pereent of newborn infants. 


Modyle 18.14 Revìew 


a. Deseribe the pattern of fetal blood flow 
to and from the plaeenta. 

b. Identify the six structures that are 
neeessary in the fetal circulation but 
eease to function at birth, and deseribe 
what beeomes of these structures. 

e. Gompare a ventricular septal defeet 
with tetralogy of Fallot. 


18.14 Identify the differenees between fetal and adult circulation patterns, 
and deseribe the ehanges in blood flow patterns that occur at birth. 
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SEGTION 2 Revíew 




Labelíng 

Label the major arteries 
in the diagram at right. 



4 




Label the major veins 
in the diagram below. 



15 


16 


17 



18 


19 


20 


21 


2 




3 



/ 




24 





22 


23 





9 



10 




11 


12 


13 


14 
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GHAPTER 18 REVIEVV • Blood Vesselsand Circulatíon 


Study Outlìne 


^ SEGTION 1 * Functional Anatomy of Blood Vessels 



The heart pumps blood, ìn sequence, through the arterìes, 
eapìllarìes, and veìns of the pulmonary and systemìe 
cìrcuìts p. 651 


1. The pulmonary cìrcuìt earries blood to and from the 
lungs. The systemìe cìrcuìt transports blood to the rest of 
the body. 

2. Blood is earried away from the heart by arterìes, and 
returns to the heart by veìns. 

3. Thin walled eapìllarìes intereonneet the smallest arteries 
and the smallest veins.The thin walls of eapillaries allow 
for the exchange of nutrients, dissolved gases, and wastes 
between the blood and tissues. 



Arterìes and veìns dìffer ìn the structure and thìekness of 
theìrwalls p. 652 


4. The walls of arteries and veins have three distinet layers: 
the tunica intima, tunica media, and tunica externa. 

5. The tuníca ìntìma is the innermost layer, and it includes 
an endothelial lining and underlying layer of eonneetive 
tissue eontaining elastie fibers. Arteries also have an 

ìnternal elastíe membrane. 


6. The tuníca medía is the middle layer, and it eontains 
eoneentrie sheets of smooth muscle tissue in a 
framework of loose eonneetive tissue.This layer allows for 

vasoeonstríetíon and vasodìlatìon. 


7. The tuníca externa, or tunica adventitia, is the outermost 
layer and is a eonneetive tissue sheath. 

8. The elasses of blood vessels as they earry blood away from 
the heart are arteríes, arterìoles, and eapìllarìes. Blood 
then returns to the heart by venules and veìns. 



Gapìllary structure and eaplllary blood flow affeet the 
rates of exchange between the blood and Interstltlal fluld 

p. 654 


9. A typieal eapillary is a tube of endothelial eells with a 
delieate basement membrane.The tunica media and 
tunica externa are absent. 


10. In a contìnuous eapíllary, the endothelium is a eomplete 
lining.These eapillaries are loeated throughout the body. 

11. In fenestrated eapìllarìes, there are pores that penetrate 
the endothelial lining that permit rapid exchange of water 
and solutes as large as small peptides.These are loeated in 
the ehoroid plexus of the brain, and the eapillaries of the 
hypothalamus, pituitary gland, pineal gland, and thyroid 
gíand. 

12. Sìnusoíds resemble fenestrated eapillaries that are flat 
and irregularly shaped.They are present in the liver, bone 
marrow, spleen, and many endoerine organs. 

13. Capillariesfunction as part of an intereonneeted eapìllary 
bed. Gapillary beds are often supplied with blood as 

eollateral arteries fuse in arteríaí anastomoses. 


14. Preeapíllary sphìneters at the entranee to eapillaries 
continually eontraet and relax in a proeess ealled vasomotìon. 


18.4] 


The venous system has low pressures and eontaìns almost 
two-thìrds of the body's blood volume p. 656 


15. Blood pressure 
in a peripheral 
vein is about 10 
pereent of that 
in the aseending 
aorta. 

16. Folds of the 
tunica intima 
in some veins 
form valves that 
permit blood 
flow in only one 
direetion. 

17. Veins distended 
from weakness 
in their walls 
near valves ean 
form varíeose 
veìns or 
hemorrhoìds. 


Systemìe 

venous 

system 




system 

almost two-thirds 
ofthe body's blood volume. 



18. Blood volume is unevenly distributed among blood vessels 
in the following pattern: 9 pereent, pulmonary circuit; 

7 pereent, heart; 13 pereent, systemie arterial system; 7 
pereent, systemie eapillaries; 64 pereent, systemie venous 
system. 


19. During hemorrhaging, venoeonstrietion (eontraetion of 
smooth muscle eells in medium-sized veins) maintains 
blood volume in the arterial system at near-normal levels. 


^ SECTION 2 * Pattems of Blood Flow 



New blood vessels form through vasculogenesìs and 
angìogenesìs p. 659 


20. Blood vessels arise from blood islands in the embryonie 
yolksae. Blood islandsform from hemangioblasts. 

21. Hemangioblasts within the eentral regions of the blood 
islands give rise to hematopoietie stem eells and those in 
the periphery beeome angioblasts. 

22. Angioblasts remodel the blood islands into eapillaries, and 
then into arterial and venous networks in a proeess ealled 
vasculogenesis. Angiogenesis is the formation of new 
blood vessels from pre-existing vessels. 


18.6] 


The pulmonary cìrcuít earrìes deoxygenated blood from 
the rìght ventrìele to the lungs and returns oxygenated 
blood to the left atrìum p. 660 


23. The pulmonary circuit is eomposed of arteries and veins 
that transport blood between the heart and the lungs. 

This circuit begins at the right ventriele and ends at the left 
atrium. 


24. Blood from the right ventriele enters the pulmonary 
trunk, then the left and right pulmonary arteries, 
pulmonary arterioles, and then the alveolar eapillaries 

that surround the alveoli.This is where gas exchange 
occurs between the eapillary blood and inspired air. 
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GHAPTER 18 REVIEVV • Blood Vesselsand Cìrculatíon (contínued) 


25. Oxygenated blood leaves the alveolar eapillaries and 
enters venules that unite to form four pulmonary veins 
(two from eaeh lung).These veins deliver blood to the left 
atrium, eompleting the pulmonary circuit. 



The systemìe arterìal and venous systems operate ìn 
parallel, and the major vessels often have slmllar names 

p. 662 


26. All the vessels from the systemie arterìal system originate 
from the aorta. 

27. All the vessels from the systemie venous system merge 
into either the superíor vena eava (which eolleets 
systemie blood from the head, ehest, and upper limbs), 
or the ínferíor vena eava (which eolleets systemie blood 
from all structures inferior to the diaphragm). 


32. The ulnar veín and radìal veìn drain the deep palmar 
areh. These two veins join to form the braehial vein. 

33. The medìan cubìtal vein intereonneets the eephalie and 
basilie vein.This vein is often the site from which venous 
blood samples are eolleeted. 

34. The eephalie veln extends along the forearm. The braehial 
veln and basilie veln merge to beeome the axillary veln. 

35. The external Jugular veln drains the superficial head and 
neek.The internal Jugular veln drains the deep head and 
neek.The vertebral veln drains the eervieal spinal eord 
and the posterior surface of the skull. 

36. The braehioeephalie veln forms as the jugular veins join 
the axillary vein. The superior vena eava earries blood 
from the two braehioeephalie veins to the right atrium. 


18.8 

J 


The branehes of the aortìe areh supply structures that are 
draìned by the superìor vena eava p. 664 


18.9 

J 


28. The branehes of the aortle areh are the braehioeephalie 
trunk, left eommon earotid artery, and left subclavian 
artery. The braehioeephalie trunk branehes to form the 
right subclavian artery and right eommon earotid 
artery. 

29. VVithin the thoraeie eavity, the subclavian artery branehes 
to form the internal thoraeie artery (which supplies the 
pericardium and anterior ehest wall) and vertebral artery 
(which supplies the brain and spinal eord). 



30. After leaving the thoraeie eavity, the subclavian artery 
forms the axillary artery and then the braehial artery. 
The braehial artery divides into the radial artery and 
ulnar artery. These two arteries fuse at the wrist to form 
the superficial and deep palmar arehes.These supply 
blood to the hand and to the digital arteries that supply 
the fingers. 

31. The digital veins eolleet blood from the palmar venous 
arehes. The eephalie vein, median antebraehial vein, and 
the basilie vein drain the superficial palmar areh. 


The external earotìd arterìes supply the neek, lower Jaw, 
and faee, and the ìnternal earotìd and vertebral arterles 
supply the braln, whlle the external jugular velns draln the 
reglons supplled by the external earotld arterles, and the 
Internal Jugular velns draln the braln. p. 666 

37. The eommon earotid 
arteries supply the faee, 
neek, and brain. Eaeh 
eommon earotid artery 
branehes to form an 
external and internal 
earotid artery. 

38. The internal earotid 
artery enters the skull 
through the earotid 
eanal of the temporal 
bones to deliver blood to 
the brain and eyes.The 
earotid sinus is loeated 
at the base of the internal 
earotid artery. 

39. The vertebral artery travels within the vertebral foramina 
of the eervieal vertebrae.The left and right vertebral 
arteries fuse along the ventral surface of the medulla 
oblongata to form the basilar artery. 

40. The external earotid artery branehes to supply the neek, 
esophagus, pharynx, larynx, cranium, and faee. 

41. The maxillary and temporal veins form the external 
jugular veins. The internal jugular veins drain blood 
from the venous sinuses within the cranium.The external 
and internal jugular veins eombine with the vertebral and 
subclavian veins to form the braehioeephalie vein. 



The Internal earotld arterles and the vertebral arterles 
supply the braln, whlch Is dralned by the dural slnuses and 
the Internal Jugular velns p. 668 

42. The internal earotid arteries normally supply the arteries of 
the anterior half of the cerebrum, and the rest of the brain 
reeeives blood from the vertebral and basilar arteries. 

43. The internal earotid divides into an ophthalmie artery 
(which supplies the eyes), anterior eerebral artery (which 
supplies frontal and parietal lobes of the brain), and 
middle eerebral artery (which supplies the midbrain and 
lateral surfaces of eerebral hemispheres). 

44. The internal earotid arteries and basilar artery are 
intereonneeted in a ring-shaped anastomosis ealled the 
eerebral arterial eirele (eirele ofWillis).This arrangement 
reduces the likelihood of a serious interruption of eerebral 
blood flow. 
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45. The superficial eerebral veins and small veins of the brain 
stem empty into a netvvork of dural sinuses. Most of the 
deep eerebral veins eonverge into the great eerebral vein, 
vvhieh delivers blood to the straìght sinus. Veins from the 
orbit and other eerebral veins drain into the cavernous 
sinus. 

46. The superior sagittal sinus, in the falx eerebri, is the 
largest dural sinus. Other sinuses are the petrosal sinuses, 
transverse sinuses, and sigmoid sinuses. 


18.11 


The regìons supplìed by the deseendìng aorta are draìned 
by the superìor and ìnferìor venae eavae p. 670 

47. The deseending aorta is continuous vvith the aortie areh. 
The diaphragm divides the deseending aorta into a 

thoraeie aorta and an abdominal aorta. 


48. The viseeral branehes of the thoraeie aorta are the 

bronehial arteries, esophageal arteries, mediastinal 
arteries, and perieardial arteries. 

49. The somatie branehes of the thoraeie aorta are the 

intereostal and superior phrenie arteries. 

50. The major paired branehes of the abdominal aorta are 

the inferior phrenie, adrenal, renal, gonadal, and 
lumbar arteries. 

51. The major unpaired branehes of the abdominal aorta 

are the eeliae trunk, superior mesenterie, and inferior 
mesenterie arteries. 

52. The major eolleeting vessels ofthe thorax are the azygos 
and hemiazygos veins.These veins reeeive blood from the 

intereostal, esophageal, bronehial, and mediastinal veins. 

53. The major branehes of the inferior vena eava are the 

lumbar, gonadal (ovarian or testicular), hepatie, renal, 
adrenal, and phrenie veins. 


18.12 


The vìseera supplìed by the eelìae trunk and mesenterìe 
arterìes are draìned by the branehes of the hepatìe portal 
vein p. 672 


54. The eeliae trunk divides into the eommon hepatie 
artery (vvhieh supplies the liver, stomaeh, gallbladder, 
and duodenum), left gastrie artery (vvhieh supplies the 
stomaeh), and splenie artery (vvhieh supplies the spleen, 
stomaeh, and panereas). 

55. The superior mesenterie artery branehes to supply the 
panereas and duodenum, small intestine, and most of the 
Ìarge intestine. 

56. The inferior mesenterie artery delivers blood to the 
terminal portions of the eolon and the rectum. 

57. The hepatie portal vein forms through the fusion of the 

superior mesenterie, inferior mesenterie, and splenie 
veins. 

58. The hepatie portal vein reeeives blood from the left and 
right gastrie veins (medial border of stomaeh) and the 
eystie vein (from the gallbladder).This circulation direets 
blood vvith absorbed nutrients from the digestive system 
and is ealled the hepatie portal system. 


18.13 


w 


The pelvìs and lower lìmbs are supplìed by branehes of 
the eommon ìlìae arterìes and draìned by branehes of the 
eommon ìlìae veìns p. 674 


59. Near vertebra L 4 , the abdominal aorta divides to form 

the right and left eommon iliae arteries. Near the 
lumbosacral joint, eaeh eommon iliae divides to form an 

internal and external iliae artery. 


60. The external iliae artery beeomes the femoral artery 
vvhen it enters the lovver limb. The fìrst braneh is the 

deep femoral artery, vvhieh branehes into the femoral 
circumf1ex arteries. 

61. Posterior to the knee joint the femoral artery beeomes the 

popliteal artery. This branehes into the posterior and 
anteriortibial arteries. 

62. The internal iliae artery supplies the organs ofthe pelvie 
eavity. 

63. The tibial and fibular 
(peroneal) arteries are 
intereonneeted by the 
anastomoses of the 
dorsalis pedis, dorsal 
areh, and plantar areh. 

These arteries supply 
the distal portions of 
the foot and digital 
arteries of the toes. 

64. Theexternal iliaeveins 
reeeive blood from the 
lovver limbs, pelvis, and 
lovver abdomen. The 
internal iliae veins drain 
the pelvie organs.The 
union of the external 
and internal iliaeveins 
forms the eommon 
iliae vein. 

65. In thefoot, thedorsal 
venous areh is 
drained by the great 
saphenous vein and 

small saphenous vein.The small saphenous vein merges 
vvith the popliteal vein to form the femoral vein, vvhieh 
also reeeives blood from the deep femoral vein and the 
femoral circumflex vein. 



18.14 


The pattern of blood flow through the fetal heart and the 
systemìe cìrcuìt must ehange at bìrth p. 676 


66 . Fetal blood flovvs into the plaeenta through a pair of 
umbilical arteries that arise from the internal iliae 
arteries. Blood returns from the plaeenta through a single 

umbilical vein. 


67. The umbilical vein drains into the ductus venosus, vvhieh 
eonneets to a eolleetion of veins in the developing liver, 
and empties into the inferior vena eava. At birth, blood 
stops flovving into the umbilical vessels, and they soon 
degenerate. 

68 . Prior to birth the lungs are eollapsed, and most blood 
bypasses the pulmonary circuit. Blood passes from the 
right atrium to the left atrium through the foramen 
ovale. Blood also bypasses the lungs through the ductus 
arterìosus, a short vessel betvveen the pulmonary trunk 
and aorta. 


69. At birth the foramen ovale eloses, forming the fossa 
ovalis.The ductus arteriosus forms the lìgamentum 
arterìosum. 


70. Most eongenital heart problems result from abnormal 
formation of the heart or problems vvith the eonneetions 
betvveen the heart and the great vessels. 

71. Gommon eongenital heart problems are ventrícular 
septal defeet, patent foramen ovale and patent ductus 
arterìosus, tetralogy of Fallot, atrìoventrícular septal 
defeet, and transposìtìon of the great vessels. 
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GHAPTER 18 REVIEVV • Blood Vesselsand Cìrculatíon (contínued) 


ehapter Revìevv Questìons 


Labelìng 

Label the arteries of the brain shown in the image below. 



Mnltìple ehoíee 


Seleet the eorreet answer from the list provided. 



The heart pumps blood into the systemie circuit from the 

Q a) right atrium. 

Q b) right ventriele. 

Q e) left atrium. 

Q d) left ventriele. 



The blood vessel layer eontaining smooth muscle fibers allowing for 
the proeesses of vasoeonstrietion and vasodilation is the 

Q a) tunica intima. 

Q b) tunica media. 

Q e) tunica adventitia. 

Q d) tunica externa. 



Gapillaries eontaining pores that permit the passage of large 
molecules are 


Q a) continous eapillaries. 

Q b) preeapillary sphineters. 
Q e) eollaterals. 

Q d) fenestrated eapillaries. 



Most of the body's total blood volume is distributed within the 

Q a) pulmonary circuit. 

Q b) systemie arterial system. 

Q e) systemie venous system. 

Q d) systemie eapillaries. 



The proeess of generating blood vessels from pre-existing vessels is 
ealled 


Q a) angiogenesis. 
Q b) vasculogenesis. 
□ e) fenestration. 

Q d) arteriosus. 



VVhieh of the following is the eorreet eombination of eeliae trunk 
branehes? 


Q a) eommon hepatie artery, superior mesenterie artery, inferior 

mesenterie artery 

Q b) eommon hepatie artery, splenie artery, superior mesenterie 

artery 

Q e) eommon hepatie artery, left gastrie artery, phrenie artery 
Q d) eommon hepatie artery, left gastrie artery, splenie artery 



The vein that drains the venous sinuses of the brain is the 

Q a) internal jugular vein. 

Q b) external jugular vein. 

Q e) vertebral vein. 

Q d) great eerebral vein. 



The two branehes from the braehioeephalie trunk are the 
Q a) left subclavian and left eommon earotid arteries. 

Q] b) right subclavian and right eommon earotid arteries. 
Q e) left subclavian and left eommon earotid veins. 

Q d) right subclavian and right eommon earotid veins. 
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Short answer 



The braehioeephalie trunk branehes from the right side of 
the aortie areh. Why is there no such vessel on the left side? 



List the distribution of the body's total blood volume. 



Deseribe the function of the hepatie portal system. 
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ehapter Integratíon • Applyíng what you have learned 


Mappíng eerebral círculatíon wíth angíography 

Mr. Samuel was having bouts of light-headedness and slnrred speeeh 
that alarmed his family, so they rushed him to the hospital. The attending 
physieian was eoneerned that Mr. Samuel may be experiencing a stroke 
(damaged brain eells from laek of blood supply) due to a narrowed artery 
or blood elot in his brain. The physieian ordered a eerebral angiogram, 
an x-ray image that would show the circulation in Mr. Samnels head 
and neek. The physieian explained to the family that the doetor 
performing the proeednre would insert a tube ealled a eatheter 
into Mr. SamneTs thigh, and guide it through his arteries to his 
neek. There, a eontrasting agent, or dye, would be released to 
generate the image. 

The image obtained from the proeednre showed 
that Mr. Samuel had suffered a minor stroke. The 
report said that he had an 80 pereent bloekage of 
the vertebral artery on his left side. The doetor told 
the family that Mr. Samuel was fortunate to have 
had the bloekage where he did beeanse he would 
have suffered a more serious stroke if the bloekage had 
occurred elsewhere. 





The angíography requíred a eatheter to be guíded from arteríes in 
Mr. Samuel's thigh, all the way to the base of his neek. Name the 
vessels through which this eatheter would travel. 

Where do you think the dye would be released? Why is that the 
best plaee for it to be released? 

Can you explain what the doetor meant when he said that 
Mr. Samuel was lucky to have had the bloekage where he did? 
Where do you think a more serious bloekage would be? 
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LEARNING OUTCOMES 


These Learning 
Onteomes 
eorrespond 
bynnmberto 
this ehapter's 
modnles and 
indieate what 
you should be 
able to do after 
eompleting 
the ehapter. 

V J 


. SECTION1 • Structure of the Heart 





Deseribe the heart's loeation, shape, and borders. 

Deseribe the structure of the perieardiom and explain its functions, identify the layers of 
the heart wall, and deseribe the structures and functions of eardiae muscle. 

Deseribe the loeation and general features of the heart. 

Deseribe the eardiae ehambers and the heart's external anatomy. 

Deseribe the major vessels supplying the heart, and eite their loeations. 

Traee blood flow through the heart, identifying the major blood vessels, ehambers, and 
heart valves. 

Deseribe the relationship between the AV and semilunar valves during a heartbeat. 

Q CLINICALMODULE Define arterioselerosis, and explain its signifieanee to health. 


^^SECTION2 • CardiacCycle 



Explain the eomplete round of eardiae systole and diastole. 

Explain the events of the eardiae eyele, and relate the heart sounds to speeifie events. 
Deseribe the eomponents and functions of the conducting system of the heart. 
Deseribe an aetion potential in eardiae muscle, and explain the role of calcium ions. 
Deseribe the faetors affeeting the heart rate. 

Deseribe the variables that influence stroke volume. 

Explain how stroke volume and eardiae output are eoordinated. 

Q CLINICALMODULE Identify the eleetrieal events shown on an eleetroeardiogram. 


(S) 

Learning Onteomes 
arerepeated atthe 
bottomofeaeh 
module. 


^SECTION3 


eoordínatìon of Cardìac Output and Blood Flow 



19.21 

_ À 


19.22 

_ À 


19.23 

_ À 


19.24 


19.25 

_ À 


Explain the effeets of pressure, resistanee, and venous return on eardiae output. 
Deseribe the faetors that influence total peripheral resistanee. 


Deseribe the faetors that determine blood flow. 

Deseribe the movement of fluids between eapillaries and 
interstitial spaees. 

Explain eentral regulation, autoregulation, and baroreeeptor 
reflexes in response to ehanges in blood pressure and blood 
eomposition. 

Explain the hormonal regulation of blood pressure and blood 
volume. 

Deseribe the role of ehemoreeeptor reflexes in adjusting 
cardiovascular aetivity. 

Explain how the cardiovascular system responds to the 
demands of exercise. 

Q CLINICALMODULE Explain the body's response to 
blood loss. 



684 






















Module 19.1 


SECTION 1 • Structure of the Heart 



The heart has a superìor base, an 
ìnferìor apex, and four borders 



The heart is loeated near the 
anterior ehest wall, direetly 
posterior to the sternnm. A mid- 
sagittal seetion throngh the trnnk 
does not divide the heart into 
equal halves. Note that (1) the 
eenter of the base lies slightly to 
the left of the midline, (2) a line 
drawn between the eenter of 
the base and the apex points 
further to the left, and (3) the 
entire heart is rotated to the 
left around this line, so that the 
right atrium and right ventriele 
dominate an anterior view of 


the heart ( 



)♦ 



The base of the heart is at its 
superior border, where the 
great veins and arteries are 
attaehed.The base sits 
posterior to the sternym at 
the level of the third eostal 
eartilage, eentered about 1.2 
em (0.5 in.) to the left side. 



The inferior, pointed tip of the 
heart is the free apex (A-peks). 
A typieal adult heart measures 
approximately 12.5 em (5 in.) 
from the base to the apex, 
which reaehes the fifth 
intereostal spaee approxi- 
mately 7.5 em (3 in.) to the left 
of the midline. 


2 


This anterior view illnstrates the 
borders of the heart. The base forms 


the superior border. The right border of 

the heart is formed by the right atrium. The 
left border is formed by the left ventriele 
and a small portion of the left atrium. The 
left border extends to the apex, where it 
meets the inferior 
border. The inferior 
border is formed 
mainly by the inferior 
wall of the right 


ventriele. 


Right border 


Superior border 



Left border 


Inferior border 

This seetion examines the anatomy 
of the heart. We will then eonsider 
the regulation of eardiae function 
(Seetion 2) before eonsidering how 
eardiae and vasomotor aetivities 
are eoordinated. 


l\/lodule19.1 Revìew 


a. The anteriorviewofthe heart is 
dominated by which structures? 

b. The great veins and arteries are attaehed 
to which aspeet of the heart? 

e. Is the apex loeated on the superior or 
inferior aspeet of the heart? 


(S) 19.1 Deseribe the heart's loeation, shape, and borders. 
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Module19.2 


r 


The heart wall eontaíns eoneentríe 

layers of eardíae muscle tíssue 



This is a view of a seetion taken from the wall 
of the heart and the snrronnding perieardinm. 
The heart wall eontains three layers: epieardinm, 
myoeardinm, and endoeardinm. 




r. 






eonneetive 

tissues 


Perieardial eavity 
(eontains serous fluid) 





My oea rd ì u m 


The myocardìum, or nnuscular 
wall of the heart, forms both atria 
and ventrieles.This middle layer 
eontains eardiae muscle tissue, 
blood vessels, and nerves.The 
myocardium eonsists of eoneen- 
trie layers of eardiae muscle tissue. 


The inner surfaces of the 
heart, including those of the 
heart valves, are eovered by 
the endocardìum, a simple 
squamous epithelium and 
underlying areolartissue. 
The squamous epithelial 
lining of the cardiovascular 
system is ealled an endothe- 
lium.The endothelium of 
the heart is continuous with 
the endothelium of the 
attaehed great vessels. 



Endothelium 


Areolar tissue 



The perìcardìum is the serous 
membrane that lines the 
perieardial eavity and eovers the 
heart (l\/lodule 4.14, p. 160). 


Parìetal Perìcardium 


The paríetal perícardíum ís the 

portion of the serous membrane 
that lines the outer wall of the 
perieardial eavity.The parietal 
pericardium is reinforeed by a 
dense fibrous layer; together 
they form the períeardíal sae 
that surrounds the heart. 


Dense fibrous layer 
Areolar tissue 
l\/lesothelium 


Epìcardium 


The epicardium, or viseeral 
pericardium, eovers the outer 
surface of the heart.This portion 
of the serous membrane 
eonsists of an exposed mesothe- 
lium and an underlying layer of 
areolar tissue that is attaehed to 
the myocardium. 


l\/lesothelium 
Areolar tissue 


2 


The atrial myocardium eontains 
muscle bundles that wrap around 


the atria and form figure-eights that 
eneirele the great vessels. Snperfieial 
ventrienlar mnseles wrap around both 
ventrieles; deeper muscle layers 
spiral around and between the 
ventrieles toward the apex in 
a figure-eight pattern. 



Atrial 

musculature 


\/entricular 

musculature 
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This light mierograph shows the 


histologieal eharaeteristies that 
distinguish eardiae muscle tissue from 
skeletal muscle tissue: (1) small eell size, 

(2) a single, eentrally loeated nucleus, 

(3) branehing intereonneetions 
between eells, and (4) speeialized 
intereellnlar eonneetions. 


Eaeh eardiae muscle eell is 
eonneeted to several 
others at speeialized sites 
known as ìnterealated 
(in-TER-ka-là-ted) dises. 



Gardíae muscle tíssue 


LM X 575 


4 


Gardiae muscle eells are found only in the heart. Like skeletal 
muscle fibers, eardiae muscle eells eontain organized 


myofibrils, and the presenee of many aligned sareomeres gives 
the eells a striated appearanee. They are almost totally 
dependent on aerobie metabolism to obtain the energy they 
need to eontinne eontraeting. The sareoplasm of a eardiae 
muscle eell eontains many mitoehondria and abnndant 
reserves of myoglobin that store oxygen. Beeanse these eells 
are metabolieally very aetive and have a high demand for 
oxygen and nntrients, eardiae tissnes are riehly snpplied 
with eapillaries. 


Gardiae muscle eells are relatively 
small, averaging 10-20 pm in 
diameter and 50-100 pm in length 


Interealated 
dise (seetioned) 


5 


At an interealated dise, the plasma membranes of two 
adjaeent eardiae muscle eells are extensively intertwined 
and bound together by gap jnnetions and desmosomes. These 
eonneetions help stabilize the positions of adjaeent eells. The gap 
jnnetions allow ions and small moleenles to move from one eell to another. 

This ereates a direet eleetrieal eonneetion between the two muscle eells. An 
aetion potential ean travel aeross an interealated dise, moving quickly from one 
eardiae muscle eell to another. Myofibrils in the two interloeking muscle eells are 
firmly anehored to the membrane at the interealated dise and ean “pull together” 
with maximum effieieney. Beeanse the eardiae muscle eells are meehanieally, 
ehemieally, and eleetrieally eonneeted to one another, the entire tissue resembles 
a single, enormons muscle eell. For this reason, eardiae muscle has been ealled a 
functional syncytium (sin-SISH-è-um; a fused mass of eells). 



Mitoehondria 


Bundles of 
myofibrils 


Interealated 

dise 


Gap junction 


Interealated Díse 


Z lines bound to 
opposing eell 
membranes 


Desmosomes 



Modnle 19.2 Revíew 


a. From superficial todeep, namethe 
layers of the heart wall. 

b. Describethetissue layersofthe 
epicardium. 

e. Why is it important that eardiae tissue 
eontain many mitoehondria and 
eapillaries? 


19.2 Deseribe the structure of the pericardium and explain its functions, identify the 
layers of the heart wall, and deseribe the structures and functions of eardiae muscle. 
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Module19.3 


r 


The heart is loeated in the mediastinum, 
and enelosed by the perieardial eavity 



The position and orientation of the heart 
relative to the major vessels and the ribs, 
sternnm, and Inngs ean be seen in this anterior 
view. The heart, snrronnded by the perieardial 
sae, sits in the anterior portion of the 
medíastínum (mè-dè-as-Tl-num), the 
region between the two pleural eavities. 

The mediastinum also eontains the great 
vessels, thymus, esophagus, and traehea. 


Traehea 


First rib (cut) 


Base of heart 


Right lung 


Diaphragm 



Anterìor vìew of ehest eavìty 


Thyroid gland 


Left lung 


Apex of heart 


Perieardial sae 
(cut) 


2 


To visnalize the relationship between the 
heart, perieardinm, and the perieardial 


eavity, imagine pnshing your fist toward the 
eenter of a large, partially inflated balloon. The 
balloon represents the perieardinm, and your fist 
is the heart. Your wrist, where the balloon folds 
baek on itself, eorresponds to the base of the 
heart, to which the great vessels, the largest 
veins and arteries in the body, are attaehed. 

The air spaee inside the balloon eorresponds 
to the perieardial eavity. 


VVrist (eorresponds 
to base of heart) 



lnnerwall (eorresponds 
to epicardium) 

Air spaee (eorresponds 
to perieardial eavity) 

Outer wall (eorresponds 
to parietal pericardium) 

Balloon 


3 


The perieardial sae, or fibrons perieardinm, 
surrounds the heart. The perieardial sae 


eonsists of a dense network of eollagen fibers. 
It attaehes to the eentral tendon of the 
diaphragm and sternnm, and stabilizes 
the position of the heart and assoei- 
ated vessels within the mediastinnm. 

The parietal perieardinm lines its 
inner snrfaee. 


Cut edge of epicardium 


Cut edge of parietal 

pericardium 


Fibrous attaehment to 
eentral tendon of diaphragm 


Base of heart 



The perieardial eavity eontains 15-50 mL of 
perieardial fluid, seereted by the perieardial 
membranes. This fluid aets as a lubricant that 
reduces frietion between the opposing surfaces as 
the heart beats. Pathogens ean infeet the peri- 
cardium, producing the eondition perìeardìtìs. 
The inflamed perieardial surfaces rub against one 
another, producing a distinetive seratehing sound 
that ean be heard through a stethoseope. 


Parìetal Perícardíum 


Areolar tissue 
l\/lesothelium 


Fibrous tissue of 
perieardial sae 


Apex of heart 
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This is a diagrammatie superior view of a partial disseetion 
of the thoraeie eavity. The image illustrates the position of the 


perieardial eavity and the physieal relationships among the 
eomponents in the mediastinnm. 



Esophagus 


Posterior 

mediastinum 


Right pleural eavity 


Bronchus 
of lung 


Right 

pulmonary 

artery 


Right pulmonary 


vein 


Superior vena eava 


Right atrium 


Right ventriele 


Left pulmonary 



Aorta (areh 
segment removed) 


Left pleural 
eavity 


Left 

pulmonary 

vein 


Pulmonary 

trunk 

Left atrium 


Left ventriele 


Perieardial eavity 


Epicardium 


Perieardial sae 


Anterior mediastinum 


As you ean see in this image, the heart does not have a lot 
of empty spaee around it—the thoraeie eavity is very 
crowded. Tranmatie injnries that damage the periear- 
dium or ehest wall ean result in fluid accumulation 
within the perieardial eavity, which ean restriet the 
movement of the heart. This eondition, ealled eardiae 
tamponade (tam-po-NÀD; tamporLj plug), ean also be 
caused by acute periearditis. 


Modyle 19.3 Revíew 


a. Define mediastinum. 

b. Deseribe the heart's loeation in the body. 

e. Why ean eardiae tamponade be a life- 
threatening eondition? 


(S) 19.3 Deseribe the loeation and general features of the heart. 
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Module19.4 


The boundarìes betvveen the 
ehambers of the heart ean be 

ìdentífied on its external surface 



The four eardiae ehambers ean easily be identified in 
a superficial view of the anterior snrfaee of the heart. 

The two atria have relatively thin muscular walls and are highly 
expandable. When not filled with blood, the outer portion of eaeh 
atrium deflates and beeomes a lumpy, wrinkled flap. Shallow 
grooves, or sulci (singnlar, sulcus), mark the bonndaries between 
the atria and ventrieles and between the left and right ventrieles. 
The eonneetive tissue of the epicardium generally eontains 
snbstantial amonnts of fat, espeeially along the sulci. In fresh 
or preserved hearts, this fat must be stripped away to expose 
the underlying grooves. These sulci also eontain the arteries 
and veins that earry blood to and from the eardiae muscle. 



Aseending aorta 


Superior vena eava 


The aurìcle (AW-ri-kl; auris, 
ear) of the atrium is an 
expandable pouch. It has 
this name because it 
reminded early anatomists 
of the external ear. 


The eoronary sulcus, a 

deep groove, marks the 
border between the atria 
and the ventrieles. It 
eontains fat and vessels. 



The lìgamentum arterìosum 

attaehes the pulmonary trunk to the 
aortie areh. It is a fibrous remnant of 
the fetal eonneetion between the 
aorta and the pulmonary trunk. 


Pulmonary trunk 


Auricle of left atrium 


Fat and vessels in the 
anterior interventricular 
sulcus 


Left ventriele 


The anterìor ìnterventrìcular 
sulcus is a shallow depression 
on the anterior surface that 
marks the boundary between 
the left and right ventrieles. 


Anterìor surface 


690 • ehapter 19: The Heart and Cardiovascular Fanetion 




























2 


This view of the posterior surface of the 
heart shows the left atrium and its 


eonneetion to the pnlmonary veins. It 
also shows the right atrium and 
its eonneetion to the eoronary 
veins and the venae eavae. 


Left pylmonary artery 
Left pulmonary veins 


Fat and vessels in 
the eoronary sulcus 


The eoronary sìnus earries 
blood eolleeted from the 
myocardium by numerous 
eoronary veins and eonveys 
the blood to the right atrium. 



Aortie areh 


Right pulmonary 
artery 


Superior vena eava 


Right pulmonary veins 
(superiorand inferior) 


Inferior vena eava 


The posterìor ìnterventrìcular 
sulcus is a shallow depression 
on the posterior surface that 
marks the boundary between 
the left and right ventrieles. 


Posterìor surface 


3 


As you see in this anterior view, a 
disseeted heart from a preserved 


eadaver is not eonveniently 
eolor-eoded. 


Aseending aorta 


Superior vena eava 


Auricle of right atrium 

Right atrium 

Right eoronary 

artery 

Goronary sulcus 


Marginal braneh 
of right eoronary 

artery 


Left subclavian artery 
Left eommon earotid artery 

Braehioeephalie trunk 


Ligamentum arteriosum 


Left pulmonary artery 
Pulmonary trunk 


Auricle of left atrium 



Left eoronary artery 


Anterior interventricular 
sulcus 


Left 

ventriele 


Moelyle 19.4 Revíew 


Anterior 

interventricular 

artery 


Gadaver dìsseetìon, anterìor vìew 


a. Name thefourcardiac ehambers. 

b. Name and deseribethe shallow 
depressions and grooves found on the 
heart's external surface. 

e. VVhieh structures eolleet blood from 
the myocardium, and into which heart 
ehamber does this blood flow? 


(S) 19.4 Deseribe the eardiae ehambers and the heart's external anatomy. 
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Goronary Arteries 


The heart has an extensive blood supply 

The heart works continuously, so eardiae muscle eells require reliable 
supplies of oxygen and nntrients. Althongh a great volume of blood 
flows through the ehambers of the heart, the myocardium needs its own, 
separate blood supply. The eoronary eirenlation snpplies that blood to the 
muscle tissue of the heart. During maximum exertion, blood flow to the 
myoeardinm may inerease to nine times that of resting levels. 



The left and right eoronary arteries originate at the base of 
the aseending aorta, where blood pressnre is the highest in 
the systemie eirenit. However, myoeardial blood flow is not 
steady: It peaks while the heart muscle is relaxed, and almost 
eeases while it eontraets. 


Pulmonary 


Right Goronary Artery 


The right eoronary artery, which follows the eoronary sulcus 
arouncl the heart, supplies blood to the right atrium, portions 
of both ventrieles, and portions of the conducting system of 
the heart, which eontols and eoordinates the heartbeat. 


Marginal arteries from the right eoronary artery supply 
the surface of the right ventriele. 



Anterior view 



The left eoronary 
artery supplies 
blood to the left 
ventriele, left atrium, 
and interventricular 
septum. 


Circumflex artery 


The large anterior 
interventricular (left 
anterior deseending) 
artery runs along 
the surface within 
the anterior 
interventricular 
sulcus. 



Branehes of the left and right eoronary arteries 
eontinne onto the posterior snrfaee of the heart. 


The circumflex artery is a braneh of the 
left eoronary artery that curves to the left 
around the eoronary sulcus, eventually 
meeting and fusing with small branehes 
of the right eoronary artery. A marginal 
artery branehes from the circumflex 
artery to supply the posterior surface 
of the left ventriele. 


Marginal 

artery 



Right eoronary 
artery 


Posterior view 


Arterial anastomoses between the 
anteriorand posterior interventricular 
arteries maintain a fairly continuous 
blood flow despite pressure fluctua- 
tions in the left and right eoronary 
arteries. 


The right eoronary artery continues aeross 
the posterior surface of the heart, supply- 
ing the posterior interventricular 
(posterior deseending) artery, which runs 
toward the apex within the posterior 
interventricular sulcus.This vessel supplies 
blood to the interventricular septum and 
adjaeent portions of the ventrieles. 


L 
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Goronary Veins 



3 


This view identifies the 


major eolleeting vessels on 
the anterior snrfaee of the heart. 


The anterìor eardìae veìns, 

which drain the anterior surface 
of the right ventriele, empty 
direetly into the right atrium. 



Aortie 

arehl 


Right 

ventriele 


Left ] 
ventriele 


Anterìor vìew 


\ 

The great eardìae vein begins on the 
anterior surface of the ventrieles, along 
the interventricular sulcus.This vein 
drains blood from the region supplied 
by the anterior interventricular 
artery.The great eardiae vein reaehes 
the level of the atria and then curves 
around the left side of the heart within 
the eoronary sulcus to empty into the 
eoronary sinus. 

_ ^ 


4 


This view identifies the major 
eolleeting vessels on the posterior 


snrfaee of the heart. 


eardiae vein 


The eoronary sìnus is an 

expanded vein that opens into 
the right atrium near the base 
of the inferior vena eava. 


The posterìor eardìae 
vein drains the area 
supplied by the 
circumflex artery. 



Posteríor vìew 


The small eardíae veín reeeives blood 
from the posterior surfaces of the right 
atrium and ventriele. It empties into the 
eoronary sinus along with the middle 
eardiae vein. 


The mìddle eardìae veín, draining 
the area supplied by the posterior 
interventricular artery, empties into 
the eoronary sinus. 


Eaeh time the left ventriele eontraets, it forees blood into the 
aorta. The arrival of additional blood at elevated pressnres 
stretehes the elastie walls of the aorta. When the left 
ventriele relaxes, pressnre deereases, and the walls of the 
aorta reeoil. This reeoil, ealled elastie rebound, pnshes 
blood both forward, into the systemie eirenit, and backward, 
into the eoronary arteries. Thus, the eombination of blood 
pressure and elastie rebonnd ensnres a continuous flow of 
blood to meet the demands of aetive eardiae muscle tissue. 


Modyle 19.5 Revìew 


a. List the arteries and veins ofthe heart. 

b. Gompare the anterior eardiae veins to 
the posterior eardiae vein. 

e. Deseribe what happensto blood flow 
during elastie rebound. 


(S) 19.5 Deseribe the major vessels supplying the heart, and eite their loeations. 
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Internal valves eontrol the direetìon of 
blood flow between the heart ehambers 



In a seetional view, you ean see that the right atrium communicates with the right 
ventriele, and the left atrium with the left ventriele. The atria are separated by the 
interatrial septnm {septum, wall). The ventrieles are separated by the much thieker 
interventrienlar septnm. Eaeh septum is a muscular partition. Atrioventrienlar (AV) 
valves, folds of fibrons tissue, extend into the openings between the atria and ventrieles. 
These valves permit blood flow in one direetion only: from the atria to the ventrieles. 


Rìght Atrìum 


The right atrium reeeives blood from 
the superior and inferior venae eavae. 
It also reeeives blood from the eardiae 
veins through the eoronary sinus. 


The fossa ovalìs is an oval depression 
and is a remnant of the foramen ovale. 
The foramen ovale eloses at birth, and 
this opening between the atria is 
permanently sealed off during the 
next 3 months. 


The anterior atrial wall and the inner 
surface of the auricle eontain promi- 
nent muscular ridges ealled the 

peetlnate muscles (peetin, eomb). 


The opening of the eoronary sinus 
earries blood from the eardiae veins. 


RíghtVentríele 


Blood travels from the right atrium into 
the right ventriele through a broad 
opening bordered by the right 
atrìoventrìcular (AV) valve, also 
known as the trícuspìd (trí- KUS-pid; 
tri, three) valve. 


The free edge of eaeh valve eonsists 
of three flaps, or cusps, attaehed to 
tendinous eonneetive tissue fibers 
ealled the ehordae tendíneae (KOR-dé 
TEN-di-nè-è; tendinous eords). 


The fibers of the ehordae tendineae 
originate at eonieal muscular projeetions 
ealled the papíllary (PAP-i-ler-è) muscles 


The superior portion of the right 
ventriele tapers toward the pulmonary 
valve, or pulmonary semilunar valve. 
Blood leaving the right ventriele passes 
through this valve to enter the 
pulmonary trunk. 


Superior 
vena eava 


Aseending 

aorta 


Pulmonary 

trunk 


path that tenses the papillary 
muscles before the ventricu- 
lar myocardium eontraets. 
This prevents"slamming"of 
the right AVcusps. 






\ 

Left Atríum 


The left atrium reeeives blood 
from the pulmonary veins. 



Left pulmonary veins 


Left Ventriele 


The left ventriele is much larger 
than the right ventriele. Its thiek, 
muscular wall enables the left 
ventriele to develop pressure 
sufficient to push blood through 
the large systemie circuit, whereas 
the right ventriele needs to pump 
blood, at lower pressure, through 
the nearby lungs. 


The left atríoventrìcular (AV) 
valve, or bícuspìd (bí-KUS-pid) 
valve, permits the flow of blood 
from the left atrium into the left 
ventriele but prevents backflow 
during ventricular eontraetion. 

As the name bicuspid implies, the 
left AV valve eontains a pair, not a 
trio, of cusps. eiinieians often eall 
this valve the mìtral (Mì-tral; 
mitre, a bishop's hat) valve. 


The trabeculae earneae 

(tra-BEK-u-lè KAR-nè-è; carneus, 
fleshy) are a series of muscular 
ridges on the inner surfaces of 
the right and left ventrieles. 


Blood leaves the left ventriele by 
passing through the aortíe valve 
(aortie semilunar valve) and into 
the aseending aorta. 
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The function of an atrium is to eolleet blood 


that is returning to the heart and eonvey it 
to the attaehed ventriele. The fnnetional demands 
on the right and left atria are similar, and the two 
ehambers look almost identieal. The demands on the 
right and left ventrieles, however, are very different, 
and the two have signifieant structural differenees. 
These differenees are best seen in seetional view. 


Posterior 

interventricular sulcus 


In seetional view, the relatively thin 
wall ofthe right ventriele resembles 
a pouch attaehed to the massive 
wall of the left ventriele. Such a thin 
wall is adequate because the right 
ventriele normally does not need 
to work very hard to push blood 
through the pulmonary circuit— 
the lungs are elose to the heart, and 
the pulmonary vessels are relatively 
short and wide. 




The left ventriele has an 
extremely thiek muscular wall 
and is round in eross seetion. It 
must develop four to six times 
as much pressure to push 
blood around the systemie 
circuit as the right ventriele 
develops to push blood 
around the pulmonary circuit. 


Fat in anterior 
interventricular sulcus 


3 


These seetions indieate the 
ehanges in ventrienlar shape that 


oeenr when the ventrieles eontraet. 


When the right ventriele eontraets, 
it aets like a bellows, squeezing 
the blood against the thiek wall of 
the left ventriele.This meehanism 
moves blood very effieiently with 
minimal effort, but it develops 
relatively low pressures. 



Dìlated (relaxed) 



Gontraeted 


When the left ventriele eontraets, (1) the diameter of 
the ventricular ehamber deereases, and (2) the distanee 
between the base and apex deereases.The effeet is similar 
to simultaneously squeezing and rolling upthe end of a 
toothpaste tube.This motion also reduces the volume of 
the right ventriele, and a person whose right ventricular 
musculature has been severely damaged may still survive, 
because the eontraetion of the left ventriele helps push 
blood into the pulmonary circuit. 


Modyle 19.6 Revíew 


a. Damagetothesemilunarvalveon the rightsideofthe 
heart would affeet blood flow to which vessel? 


b. What preventsthe AVvalvesfrom swinging intotheatria? 

e. Why is the left ventriele more muscularthan the right 
ventriele? 


19.6 Traee blood flow through the heart, identifying 
the major blood vessels, ehambers, and heart valves. 
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When the heart beats, the AV valves elose before 
the semilunar valves open, and the semìlunar 
valves elose before the AV valves open 



Aortie valve (elosed) 


KEY 

Oxygenated 
blood 

Deoxygenated 
blood 


Pulmonary 


Left AV (bicuspid) 
valve (open) 


ehordae tendineae 
(loose) 


Left ventriele 
(dilated) 


Papillary muscles 
(relaxed) 


Superìor vìew 
of eardìae valves 


Right AV (tricuspid) 
valve (open) 

Aortie valve (elosed) 
Pulmonary valve (elosed) 


When the ventrieles are relaxed, the ehordae 
tendineae are loose, and the AV valves offer 
no resistanee to the flow of blood from the atria into 
the ventrieles. Blood pressnre in the pnlmonary and 
systemie eirenits keeps the aortie and pnlmonary 
valves elosed nntil the ventrieles eontraet. 


Right 

ventriele 


2 


When the ventrieles eontraet, blood moving baek toward the atria pnshes 
the ensps of the AV valves together, elosing them and preventing backflow. 


At the same time, the eontraetion of the papillary mnseles tenses the ehordae 
tendineae, stopping the ensps before they swing into the atria. If the ehordae 
tendineae are cut or the papillary muscles are damaged, regurgitation (backflow) 
of blood into the atria occurs eaeh time the ventrieles eontraet. As the ventrien- 
lar pressnres rise above those in the pnlmonary and systemie eirenits, the aortie 
and pnlmonary valves open and blood flows out of the ventrieles. 



Aortie valve (open) 


Left AV (bicuspid) 
valve (elosed) 


Left ventriele 
(eontraeted) 


Right AV (tricuspid) 
valve (elosed) 


Superíor vìew 
of eardìae valves 


Aortie valve (open) 
Pulmonary valve (open) 


The aortìe sìnuses are saelike 
dilations adjaeent to eaeh cusp 
of the aortie valve. The right 
and left eoronary arteries 
originate at the aortie sinuses. 



ehordae tendineae 
(tense) 


Papillary muscles 
(eontraeted) 


Ventricular eontraetion 


Frontal seetìon through 
left atrìum and ventrìele 
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The heart valves are eneireled and snpported by 
a flexible eonneetive tissne frame known as the 


eardíae skeleton (fibrons skeleton). The eardiae skeleton 
eonsists of intereonneeted bands of dense eonneetive 
tissne that eneirele the heart valves and the bases of 
the pnlmonary trnnk and aorta. The eardiae skeleton 
stabilizes the positions of the heart valves and 
ventrienlar mnsele eells and eleetrieally isolates the 
ventrienlar myoeardinm from the atrial myoeardinm. 





Gardiae skeleton 


Superìor vìew 


The pnlmonary and aortie valves eaeh eonsist of 
three semilnnar (half-moon shaped) ensps of thiek 
eonneetive tissne. Unlike the AV valves, the semilunar 
valves do not require muscular braees, because the cusps 
are stable. When the semilnnar valves elose, the three 
symmetrieal cusps support one another like the legs 
of a tripod. 





eiosed 

Superìor vìews 


5 


Serions valve problems ean interfere with eardiae 


fnnetion. If valve fnnetion deteriorates to the point 
at which the heart eannot maintain adequate blood flow, 
symptoms of valvnlar heart disease ( VHD) appear. 
Gongenital malformations may be responsible, but in 
many eases the eondition develops as a consequence of 
earditis, an inflammation of the heart. In severe eases, 
the only option may be to replaee the damaged valve with 
a prosthetie valve. 



This is a superior view of a 
damaged aortie valve.The 
cusps are irregular in shape; 
they are also stiff and 
relatively inflexible. Such 
a valve would not open 
properly and eannot elose 
eompletely. 



This bioprosthetie valve is 
an example of an artifieial 
valve that uses the cusps 
from a pig's heart. Pig or 
cow valves do not stimulate 
the elotting system, but 
they may wear out after 
about lOyears. 


Modyle 19.7 Revíew 


a. Define eardiae regurgitation. 

b. Gompare the structure ofthe tricuspid 
valve with that of the pulmonary valve. 

e. What do semilunarvalves prevent? 


(S) 19.7 Deseribe the relationship between the AV and semilunar valves during a heartbeat. 
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Arterìoselerosìs ean lead to eoronary artery disease 

Arterioselerosis (ar-tè-rè-ó-skle-RO-sis; arterio-f artery + sklerosiSf hardness) 
is a thiekening and tonghening of arterial walls. This eondition may not sonnd 
life-threatening, but eomplieations related to arterioselerosis account for 
ronghly half of all deaths in the IJnited States. The eífeets of arterioselerosis 
are varied; for example, arterioselerosis of eoronary vessels is responsible for 
eoronary artery disease (CAD), and arterioselerosis of arteries snpplying the 
brain ean lead to strokes. 


Atheroselerosis (ath-er-ò-skler-O-sis; athero-j fatty 
degeneration) is the formation of lipid deposits in the 
arterial tunica media assoeiated with damage to the endothe- 
lial lining. Here is a histologieal view and a photograph of a 
disseeted atheroselerotie artery. Atheroselerosis, the most 
eommon form of arterioselerosis, tends to develop in people 
whose blood eontains elevated levels of plasma lipids— 
speeifieally, eholesterol. The eirenlating lipids are removed 
and deposited within arterial walls, which beeome inereas- 
ingly abnormal in structure. The result is an atheroselerotie 
plaque, a fatty mass of tissne that projeets into the lumen 
of the vessel and restriets blood flow. Elderly people— 
espeeially elderly men—are most likely to develop athero- 
selerotie plaques. In addition to being older and male, other 
important risk faetors for atheroselerosis inelnde high blood 
eholesterol levels, high blood pressnre, and eigarette smok- 
ing. About 20 pereent of middle-aged men have all three 
of these risk faetors; these men are four times as likely to 
experience a heart attaek as other men in their age group. 
Althongh fewer women develop atheroselerotie plaques, 
elderly female smokers with high blood eholesterol and high 
blood pressnre are at much greater risk than other women. 




Goronary artery LM X 6 


Tunica externa 


Lipid deposits 
(plaque) 


Tunica media 



Plaque deposit 
in vessel wall 


2 


Plaques ean be treated by removing the damaged 


segment of the vessel and replaeing it (often with a 
snperfieial vein removed from the leg), but such snrgery 
ean be diffienlt and dangerons. In balloon angíoplasty 
(AN-jè-ó-plas-tè; angeion, vessel), the tip of a eatheter 
eontains an inflatable balloon. Onee in position, the balloon 
is inflated, pressing the plaque against the vessel walls. This 
photo shows the eatheter within an artery of a eadaver. The 
artery has been opened to show the orientation and relative 
sizes of the eatheter and artery. Balloon angioplasty is most 
effeetive in treating small, soft plaques. Several faetors make 
this a highly attraetive treatment: (1) The mortality rate 
during snrgery is only about 1 pereent; (2) the sneeess rate 
is over 90 pereent; and (3) the proeednre ean be performed 
on an ontpatient basis. 



Gatheter 


Balloon Arterial wall 
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The term eoronary artery disease (CAD) reférs to areas of partial or eomplete 
bloekage of eoronary eirenlation. Cardiac mnsele eells need a eonstant snpply of 


oxygen and nntrients, so any rednetion in blood flow to the heart mnsele prodnees a 
eorresponding rednetion in eardiae performanee. Such redneed circulatory supply, 
known as eoronary isehemía (is-K£-mè-uh), generally resnlts from partial or 
eomplete bloekage of the eoronary arteries. The usual cause is the formation of an 
atheroselerotie plaque in a eoronary artery. The plaque, or an assoeiated thrombns 
(blood elot), then narrows the passageway and rednees blood flow. Spasms in the 
smooth mnseles of the vessel wall ean fnrther deerease or even stop blood flow. 
Plaques may be visible in elinieal seans or high-resolution ultrasound images. 



This is a eolor-enhaneed dìgìtal subtractìon angìogra- This is a eolor-enhaneed DSA sean of the heart 

phy (DSA) sean of a normal heart. The major branehes of a person with advaneed CAD. Blood flow to the 

of the left and right eoronary arteries are elearly visible. ventricular myocardium is severely restrieted. 



Beeanse plaques eommonly redevelop after 
angioplasty, a fine wire-mesh tube ealled a stent 
may be inserted into the vessel. The stent pushes against 
the vessel wall, holding it open. This is a sean of a stent 
that has been plaeed in the anterior interventrienlar 
artery. (This imaging technique reveals the lumen of the 
blood vessels, rather than the vessel, so the stent appears 
to surround the vessel.) Stents are rontinely used by many 
eardiae speeialists beeanse their long-term sneeess rate 
and ineidenee of eomplieations are signifieantly lower 
than those for balloon angioplasty alone. If the eirenlatory 
bloekage is extensive, mnltiple stents ean be inserted 
along the length of the vessel. 



Modale 19.8 Revíew 


a. eomparearterioselerosis with 
atheroselerosis. 

b. What iseoronary isehemia? 

e. Deseribethe purposeofa stent. 


(S) 19.8 Define arterioselerosis, and explain its signifieanee to health. 
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Labelìng 



Matehìng 


Mateh eaeh lettered term with the most elosely related deseription. 


a. fossa ovalis 

b. interealated dises 
e. serous membrane 

d. tricuspid valve 

e. aortie valve 

f. endocardium 

g. aorta 

h. myocardium 

i. mitralvalve 

j. eoronary sinus 


25 

26 

27 

28 

29 

30 

31 

32 

33 

34 


Blood to systemie arteries 
Muscular wall of heart 

Garries blood from eoronary veins to right atrium 

Depression in interatrial septum 

Right atrioventricular valve 

Alternate name for bicuspid valve 

Gardiae muscle fiber eonneetions 

Pericardium 

Inner surface of heart 

Semilunar valve 


25 

26 

27 

28 

29 

30 

31 

32 

33 

34 


Short answer 

Beginning with the right atrium, list in order the heart ehambers and valves through which 
(a) deoxygenated blood and (b) oxygenated blood flows. 
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SEGTION 2 • CardìacCycle 


The eardiae eyele is a eomplete 
round of systole and diastole 



Eaeh heartbeat is followed by a brief resting phase, 
which allows time for the ehambers to relax and 
prepare for the next heartbeat. The period between the 
start of one heartbeat and the beginning of the next is 
a single eardiae eyele. The eardiae eyele, therefore, 
inelndes alternating periods of eontraetion and relaxation. 


2 


Althongh we think of the heart as a pump, it is really four 




Relaxation 


Gontraetion 


pumps that work in pairs, and thus a heartbeat is a eompli- 
eated event. If all four ehambers eontraeted at onee, normal blood 
flow couldn t occur. Instead, the two atria eontraet first, pnshing 
blood into the ventrieles, 
and then the two ventrieles 
eontraet, pnshing blood 
throngh the pnlmonary and 
systemie eirenits and into 
the atria. The elaborate 
paeemaking and eondnet- 
ing systems within the 
heart normally provide the 
required spaeing between 
atrial and ventrienlar 
eontraetions. 




Relaxation 






Atria eontraet 


Ventrieles eontraet 


Relaxation 
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For any one ehamber in the heart, the eardiae eyele ean be 
divided into two phases: (1) systole and (2) diastole. During 


systole (SlS-tò-lè), or eontraetion, the ehamber eontraets and pushes 
blood into an adjaeent ehamber or into an arterial trunk. Systole is 
followed by díastole (di-AS-tò-lè), or relaxation. During diastole, the 
ehamber fills with blood and prepares for the next eontraetion. At a 
representative heart rate of 75 beats per minute (bpm), a sequence 
of systole and diastole in either the atria or the ventrieles lasts 800 
msee. For eonvenienee, we will assume that the eardiae eyele is 
determined by the atria, and that it inelndes one eyele of atrial 
systole and atrial diastole. This seetion will examine the details 
of a representative eardiae eyele—how it is initiated and eoordi- 
nated and how the pressnres generated by the eontraeting 
ehambers result in direetional blood flow. 


Modyle 19.9 Revíew 


a. Definetheeardiaeeyele. 

b. Give the alternate terms for heart eontraetion 
and heart relaxation. 

e. When a ehamber is relaxed, which phase is it in? 


(S) 19.9 Explain the eomplete round of eardiae systole and diastole. 
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Module 19.10 


r 


The eardìae eyele ereates pressure 
gradients that maìntaìn blood flow 



The phases of the eardiae eyele are diagrammed here for a heart rate of 75 
beats per minute (bpm). When the heart rate inereases, all the phases of the 
eardiae eyele are shortened. The greatest reduction occurs in the length of time 
spent in diastole. When the heart rate elimbs from 75 bpm to 200 bpm, the time 
spent in systole drops by less than 40 pereent, 
but the duration of diastole is 
redneed by almost 75 


pereent. 



Start 






When the eardiae eyele 
begins, all four ehambers are 
relaxed, and the ventrieles 
are partially filled with 
blood. 



Ventricular diastole lasts 530 msee 
(the 430 msee remaining in this 
eardiae eyele, plus the first 100 msee of 
the next).Throughout the rest of this 
eardiae eyele, filling occurs passively, 
and both the atria and the ventrieles 
are relaxed.The next eardiae eyele 
begins with atrial systole and the 
eompletion of ventricularfilling. 


During atrìal systole, the 

atria eontraet, eompletely 
filling the relaxed 
ventrieles with blood. 
Atrial systole lasts 
100 msee. 



Ventrícular dìastole 
late: All ehambers are 
relaxed. The ventrieles fill 
passively to about 70% 
of their final volume. 




^ Atrial systole 
ends and atrial 
díastole begins 
and continues until 
the start of the next 
eardiae eyele. 


As atrial systole ends, ventricu- 
lar systole begins.This period, 
which lasts 270 msee, ean be 
divided into two phases. 




Ventrícular systole 
first phase: Ventricular 
eontraetion pushes the AV 
valves elosed but does not 
ereate enough pressure to 
open the semilunar valves. 
This is known as the period 
of isovolumetric 
eontraetion. 


Blood flows into the 
relaxed atria but the AV 
valves remain elosed. 
This is known as the 
period of isovolumetric 
relaxation. 


Ventricular systole—seeond 
phase: As ventricular pressure 
rises and exceeds pressure in 
the arteries, the semilunar 
valves open and blood is 
foreed out of the ventrieles. 
This is known as the 
period of ventricular 
ejeetion. 



Ventricular diastole—early: 

As the ventrieles relax, the 
pressure in them drops. Blood 
flows baek against the cusps of 
the semilunar valves and forees 
them elosed. 
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This graph plots the pressure ehanges within the aorta, the 
left atrium, and the left ventriele during the eardiae eyele. 


Althongh pressnres are lower in the right atrium and right 
ventriele, the same prineiples apply; both sides of the heart 
eontraet at the same time, and they ejeet equal volumes of blood. 


ATRIAL 

DIASTOLE 


ATRIAL 

SYSTOLE 


VENTRICULAR 

DIASTOLE 


ATRIAL DIASTOLE 


ATRIAL 

SYSTOLE 


VENTRICULAR 

SYSTOLE 


VENTRICULAR DIASTOLE 


U) 





QJ 


to 

to 

QJ 


Q_ 


120 


90 


60 


30 


Aortie valve 
opens. 


Aorta 


Left 

ventrìele 


Aortie valve eloses. 





Left atrìum 



Left AV 
valve eloses. 





VVhen the semilunar valves 
elose, pressure rises again 
as the elastie arterial walls 
reeoil.This small rise 
produces a valley in the 
pressure traeing, ealled a 
dìerotìe (dí-KROT-ik) noteh 
{dikrotos, double beating). 




T 


Left AV valve opens. 


KEY 


Atrial eontraetion begins. 

Atria ejeet blood into ventrieles. 

Atrial systole ends; AV valves elose. 

isovolymetrie eontraetion. 

Ventricular ejeetion occurs. 

Semilunar valves elose. 

lsovolumetric relaxation occurs. 

AV valves open; passive ventricular 
filling occurs. 


0 


0 
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Heart sounds 




// 
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// 
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S4 


There are four heart sounds, designated as 


3 


Si throngh S4. If you listen to your own heart 
with a stethoseope, you will elearly hear the first and 
seeond heart sounds. The first heart sound, known 
as “lubb” (Si), lasts a little longer than the seeond, 
ealled “dupp” (S^). S^, which marks the start of 
ventricular eontraetion, is prodneed as the AV valves 
elose. S 2 occurs when the semilnnar valves elose. Third 
and fourth heart sounds are usually very faint and seldom 
are andible in healthy adults. These sounds are assoeiated 
with blood flowing into the ventrieles (S 3 ) and atrial 
eontraetion (S 4 ), rather than with valve aetion. 



l\/lodule 19.10 Revìew 


a. VVhat are the two phases ofventricular 
systole? 

b. List the phases ofthe eardiae eyele. 


e. Isthe heart always pumping blood 
when pressure in the left ventriele is 
rising? Explain. 


(S) 19.10 Explain the events of the eardiae eyele, and relate the heart sounds to speeifìe events. 
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Module 19.11 


The heart rate ìs establìshed by the sínoatrìal 
node and dístríbuted by the conductíng system 



The goal of cardiovascular regulation is the maintenanee 
of adequate blood flow to vital tissues. The best overall 
indieator of peripheral blood flow is the eardiae output (CO), 
the amount of blood pumped by the left ventriele into the aorta 
eaeh minute. Gardiae output depends on two faetors: the heart 
rate and the stroke volume, the amount of blood pumped out 
of the ventriele during a single heartbeat. 


Stroke volume 




The ealenlation of eardiae output (CO) is very straightfor- 
ward: you multiply the heart rate (HR) by the average stroke 
volume (SV). For example, if the heart rate is 75 bpm and stroke 
volume is 80 mL/beat, the CO is: 




HR: 75 bpm 




SV: 80 mL/beat 


eO: 6000 mL/mìn 


The body preeisely adjusts eardiae output so that peripheral 
tissues reeeive an adequate circulatory supply under a variety of 
eonditions. When neeessary, the heart rate ean inerease by 250 
pereent, and stroke volume in a normal heart ean almost double. 


3 


Gardiae muscle tissue eontraets on its own, in the absenee of neural 
or hormonal stimnlation. This property is ealled automaticity 


(or antorhythmieity). The conducting system is a network of speeialized 
eardiae muscle eells responsible for initiating and distribnting the stimulus 
to eontraet. The following illnstration introdnees the eomponents of the 
eondneting system and their speeifie fnnetions. 



Eaeh heartbeat begins with an aetion 
potential generated at the sìnoatrìal 
(sí-nó-À-trè-al) node, or simply the SA 
node.The SA node is embedded in the 
posterior wall of the right atrium, near 
the entranee of the superior vena eava. 
The eleetrieal impulse generated by this 
eardiae paeemaker is then distributed 
by other eells of the conducting system. 



In the atria, conducting eells are 
found in ìnternodal pathvvays, which 
distribute the eontraetile stimulus to 
atrial muscle eells as the impulse travels 
toward the ventrieles. 



The atrloventrlcular (AV) node is loeated at the junction between 
the atria and ventrieles.The AV node also eontains paeemaker eells, 
but they do not ordinarily affeet the heart rate. However, if the SA 
node or internodal pathways are damaged, the heart will continue 
to beat because without eommands from the SA node, the AV node 
will generate impulses at a rate of 40-60 bpm. 



band 


Purklnje flbers are large-diameter conduct- 
ing eells that propagate aetion potentials very 
rapidly—as fast as small myelinated axons. 
Purkinje eells are the final link in the distribu- 
tion network and are responsible for the 
depolarization of the ventricular myoeardial 
eells that triggers ventricular systole. 


The AV node delivers the stimulus to the AV 
bundle, loeated within the interventricular 
septum. The AV bundle is normally the only 
eleetrieal eonneetion between the atria and 
the ventrieles. 


The AV bundle leads to the right and left 
bundle branehes.The left bundle braneh, 
which supplies the massive left ventriele, is 
much larger than the right bundle braneh. 
Both branehes extend toward the apex of the 
heart, turn, and fan out deep to the endoear- 
dial surface. 
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An aetion potential is 
generated at the SA node, 
and atrial aetivation begins. 


SA node 



ì 








Time = 0 



The stimulus spreads 
aeross the atrial surfaces by 
eell-to-eell eontaet vvithin 
the internodal pathvvays 
and soon reaehes the AV 
node. 




AV node 



Elapsed time = 50 msee 



A 100-msee delay occurs 
at the AV node. During 
this delay, atrial 
eontraetion occurs. 




AV 

bundle 


Bundle 

branehes 



Elapsed time = 150 msee 



As atrial eontraetion is 
eompleted, the impulse 
travels along the interven- 
tricular septum vvithin the AV 
bundle and the bundle 
branehes to the Purkinje fibers 
and, via the moderator band, 
to the papillary muscles of the 
right ventriele. Ventricular 
eontraetion begins. 



Moderator 

band 



Elapsed time = 175 msee 



The impulse is distributed 
by Purkinje fibers and 
relayed throughout the 
ventricular myocardium. 
Ventricular eontraetion 
reaehes full foree and 
proeeeds to eompletion. 



Purkinje fibers 



Elapsed time = 225 msee 


This sequence illustrates the distri- 
bution of the eontraetile stimulus 
and shows how the eondneting system 
eoordinates the eontraetions of the 
eardiae eyele. The P wave begins at time 
zero in this figure, and atrial eontraetion- 
the start of the eardiae eyele, detailed in 
Module 19.10—begins 50 msee after an 
impnlse is generated at the SA node. 



The eells of the AV node ean conduct 
impulses at a maximum rate of 230 
per minute. Because eaeh impulse 
results in a ventrienlar eontraetion, 
this value is the maximum normal 
heart rate. Even if the SA node 
generates impnlses at a faster rate, 
the ventrieles will still eontraet at 
230 bpm. Higher heart rates occur 
only when the heart or the eondnet- 
ing system has been damaged or 
stimnlated by drugs. 


Modyle 19.11 Revíew 


a. Define automaticity. 

b. IftheeellsoftheSAnodefailed to 
function, how would the heart rate be 
affeeted? 

e. VVhy is it important for impulses from 
the atria to be delayed at the AV node 
before they pass into the ventrieles? 


(S) 19.11 Deseribe the eomponents and functions of the conducting system of the heart. 
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Module 19.12 


Gardìae iinuscle eell eontraetìons last longer than 
skeletal nnuscle fìber eontraetìons prímaríly due 
to dífferenees in membrane permeabílíty 

Muscle Cell Contractions 


Skeletal Muscle 




In a skeletal mnsele fiber, the 
aetion potential is relatively brief 
and ends as the related twitch eontrae- 
tion begins. The twitch eontraetion is 
short and ends as the sareoplasmie 
retienlnm reelaims the Ca^^ it 
released. Note that the refraetory 
period ends before peak tension 
develops. As a resnlt, twitches ean 
snmmate and tetanns ean oeenr. 



i 


o 


o; 




eontraetion 


0 


100 


200 


300 


Time (msee) 



KEY 

■ Absolute refraetory 
period 

■ Relative refraetory 
period 



1 

With a single twitch 
lasting 250 msee or 
longer, a normal eardiae 
muscle eell could reaeh 
300-400 eontraetions per 
minute under maximum 
stimulation.The normal 
heart rate never gets 
that high because the 
stimulus for eontraetion 
eannot spread that 
quickly through the 
heart muscle. 
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Membrane potential (mV) 


Gardiae Aetion Potentials 



The aetion potential in a eardiae mnsele 
eell ean be divided into three stages. 


Repolarìzatìon 

After approximately 
175 msee, slow calcium 
ehannels begin elosing, 
and slow potassium 
ehannels begin opening. 
As the ehannels open, 
potassium ions (K”^) rush 
out of the eell, and the net 
result is a period of rapid 
repolarization that 
restores the resting 
potential. 



Rapid Depolarization 


Plateau 


The stage of rapid depolarization in a 
eardiae muscle eell resembles that in 
a skeletal muscle fiber. At threshold, 
voltage-gated sodium ehannels open, 
and the membrane suddenly beeomes 
permeable to Na'^.The result is a 
massive influx of sodium ions and the 
rapid depolarization of the sareolemma. 
The ehannels involved are ealled fast 
sodìum ehannels, because they open 
quickly and remain open for only a few 
milliseeonds. 


During the plateau, the membrane potential remains 
near 0 mV.Two opposing faetors are involved. As the 
membrane potential approaehes -i-30 mV, the 
voltage-gated sodium ehannels elose and the eell 
begins aetively pumping Na”^ out of the eell. However, 
as the sodium ehannels are elosing, voltage-gated 
calcium ehannels are opening.These ehannels are 
ealled slow calcìum ehannels, because they open 
slowly and remain open for a relatively long period— 
roughly 175 msee. VVhile the slow calcium ehannels 
are open, the entry of ea^"^ nearly balanees the loss of 
Na”^, and the membrane potential hovers near 0 mV. 


0 


Stimulus 


100 200 
-Time (msee)- 



Modale 19.12 Revìew 


a. VVhy does tetany not occur in eardiae 
muscle? 

b. Listthethreestagesofan aetion 
potential in a eardiae muscle eell. 

e. Deseribe slow calcium ehannels and 
the signifieanee of their aetivity. 



19.12 Deseribe an aetion potential in eardiae muscle, and explain the role of calcium ions. 
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Module 19.13 




The ìntrinsíe heart rate ean be 
altered by autonomíc aetívíty 



Cells of the SA and AV nodes eannot 
maintain a stable resting potentiaL 
After eaeh repolarization, the membrane 
gradnally drifts toward threshold. This 
gradnal spontaneons depolarization is ealled 
a prepotential or paeemaker potentiaL 
The rate of spontaneons depolarization is 
fastest at the SA node, which without neural 
or hormonal stimnlation generates aetion 
potentials at a rate of 80-100 per minute. 
Because the SA node reaehes threshold first, 
it establishes the heart rate—the impnlse 
generated by the SA node brings the AV 
nodal eells to threshold before the prepoten- 
tial of the AV nodal eells ean do so. 


2 


Any faetor that ehanges the rate of 
spontaneons depolarization or the 


dnration of repolarization will alter the 
heart rate by ehanging the time required to 
reaeh threshold. Aeetyleholine released by 
parasympathetie nenrons opens ehemieally 
gated K+ ehannels in the plasma membrane, 
thereby slowing the rate of spontaneons 
depolarization and also slightly extending 
the dnration of repolarization. The result is 
a deeline in heart rate. 


3 


Norepinephrine (NE) released by 
sympathetie nenrons binds to beta-1 
reeeptors, leading to the opening of ion 
ehannels that inerease the rate of depolar- 
ization and shorten the period of repolar- 
ization. Beeanse the nodal eells reaeh 
threshold more quickly, the heart rate 
inereases. 
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+20 


Normal (restíng) 


Prepotential 


0 


-30 

Threshold 


-60 



Heart rate: 75 bpm 


0.8 


1.6 


2.4 


Parasympathetìe stínialatíon 


+20 


0 


-30 

Threshold 


-60 



Heart rate: 40 bpm 


Slovver depolarization 


0.8 

Sympathetíe stimulaIÌon 


1.6 


2.4 


+20 


0 


-30 

Threshold 


-60 



Reduced repolarization 
Heart rate: 120 bpm 


More rapid 
depolarization 


0.8 


1.6 

Time (see) 


2.4 



4 


Every person has a eharaeteristie resting 
heart rate that varies with age, general 


health, and physieal eonditioning. However, there 
is a normal range of heart rates. The Ameriean 
Heart Assoeiation eonsiders 60-100 bpm to be 
the normal range of resting heart rates. 



Bradyeardìa 

(bràd-è-KAR-dè-uh; 
bradys, slow) is a 
eondition in which 
the heart rate is 


slowerthan normal. 



60 bpm 


100 bpm 


Normal range 
of resting heart 
rates 


> Taehyeardìa 

(tak-è-KAR-dè-uh; 
taehys, swift) 
indieates a faster- 
than-normal heart 
rate. 
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■S The eardiae eenters of the mednlla oblongata eontain 

the antonomie headquarters for eardiae eontroL These 
eenters innervate the heart by means of the eardiae plexus. 


Vagal nucleus 


The eardìoìnhìbìtory eenter eontrols 
the parasympathetie neurons that 
slow the heart rate. 


The eardìoaeeeleratory eenter 

eontrols sympathetie neurons that 
inerease the heart rate. 


Sympathetìe 


Sympathetie innervation arrives in 
postganglionie fibers within the 
eardiae nerves.These fibers innervate 
the nodes, the conducting system, and 
the atrial and ventricular myocardium. 

Gervieal sympathetie ganglion 


Sympathetie preganglionie fiber 


Sympathetie postganglionie fiber 


Gardiae nerve 


oblongata 


Vagus nerve (N X) 


Spinal eord 



Parasympathetìe 


Parasympathetie innervation arrives in the 
vagus nerve and synapses with ganglion 
eells in the eardiae plexus. Postganglionie 
fibers innervate the SA node, AV node, 
and atrial musculature. Innervation of the 


ventricular musculature is very limited. 
Parasympathetie preganglionie fiber 


Synapses in eardiae plexus 


Parasympathetie postganglionie fibers 


Reflex pathways and input from higher eenters, espeeially 
the sympathetie and parasympathetie headquarters in the 
hypothalamus, regulate the eardiae eenters. Antonomie tone 
exists at the heart, as both divisions are ehronieally aetive. 

The normal resting heart rate is somewhat slower than the 
intrinsie SA nodal stimnlation rate of 80-100 bpm, beeanse at 
rest the effeets of parasympathetie innervation predominate. 


Module 19.13 Revìew 


a. Gaffeine has effeets on conducting eells and 
eontraetile eells that are similar to those of NE. 
What effeet would drinking large amounts of 
eaffeinated beverages have on the heart rate? 

b. Gompare bradyeardia with taehyeardia. 

e. Deseribe the sites and aetions ofthe eardio- 
inhibitory and eardioaeeeleratory eenters. 


(S) 19.13 Deseribe the faetors affeeting the heart rate. 
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Module 19.14 


r 


Stroke volume depends on the relatìonshìp betvveen 
end-dìastolìe volume and end-systolìe volume 



The stroke volume of the heart ean be eompared to pnmping water with a mannal 
pump. The amount pumped varies with the amount of movement of the pump 
handle. Althongh the heart eontains two large pumps—the right and left ventrieles— 
we ean use a single pump as a model because the 
two work in the same way and pump equal 
amounts of blood. Filling 

4 ^ 



Start 





When the punnp handle is 
raised, pressure within the 
eylinder deereases, and 
water enters through a 
one-way valve. This 
eorresponds to passive 
filling during ventricular 
diastole. 



Ventricular 

diastole 



At the start of the punnping 
eyele, the annount of water in 
the eylinder eorresponds to 
the annount of blood in a 
ventriele at the end of 
ventricular diastole.This 
annount is known as the 
end-dìastolìe volume (EDV) 


End-systolie 
volunne 
(ESV) 



End-diastolie 
volunne (EDV) 


Stroke 

volunne 


End of 


ventricular systole 



When the handle is depressed as 
far as it will go, some water will 
remain in the eylinder.That 
amount eorresponds to the 
end-systolìe volume (ESV) 
remaining in the ventriele at the 
end of ventricular systole.The 
amount of water pumped out 
eorresponds to the stroke 
volume of the heart.The stroke 
volume is thus the differenee 
between the EDV and the ESV. 


Pumping 




Starting point for 
eardiae eyele 






Ventricular 

systole 


As the pump handle is 
pushed down, water is foreed 
out of the eylinder.This 
eorresponds to the period 
of ventricular ejeetion. 
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Note that in our water pump example, the amount of 


water pumped per stroke could be ehanged by altering 
the EDV, ESV, or both. In the resting heart, stroke volume is 
relatively stable, but it ean inerease snbstantially if neeessary. 


I 


1a 



The EDV is influenced 
by the venous return 
and thefilling time. 


Venous retum is the amount of blood 
delivered to the right atrium by the venae 
eavae and eoronary sinus. Blood volume, 
muscular aetivity, and the rate of blood 
flowthrough peripheral eapillaries are 
the major faetors that determine venous 
return. VVhen blood volume goes down 
signifieantly, venous return is reduced. 
VVhen skeletal muscles eontraet and 
eompress adjaeent veins, or when 
peripheral tissue aetivity inereases (which 
aeeelerates regional blood flow), venous 
return inereases. 


The filling time is the duration of 
ventricular diastole. Assuming that venous 
return remains eonstant, slowing the heart 
rate inereases the EDV, and inereasing the 
heart rate deereases the EDV. 


i 


1b 


The amount of myoeardial 
stretehing is ealled the 
preload. The greater the EDV, 
the largerthe preload.VVhen 
the EDV is very small, the 
sareomeres in the eardiae 
muscle eells are too short 
to develop much power. 

As the EDV inereases and 
the sareomeres approaeh 
optimal length, the ventricu- 
lar muscle eells ean eontraet 
more effieiently and produce 
more powerful eontraetions 
and ejeet more blood.This 
relationship—greater EDV = 
greater stroke volume— 
is ealled the Frank-Starlìng 
lawofthe heart. 


Normal stroke 
volume 




y 

Á 


End- 



The ESV is influenced 
by the eontraetility 
and the afterload. 



j 


2b 




The eontraetìlìty is the amount of foree produced during a eontraetion at 
a given amount of preload. Sympathetie stimulation inereases eontraetility. 
Many hormones—including epinephrine, norepinephrine, thyroid hormones, 
and glucagon—inerease eontraetility to some degree. Many drugs used in 
elinieal praetiee are intended to reduce eontraetility; examples include the 
"beta-blockers"such as propranolol ortimolol and calcium ehannel bloekers 
such as nifedipine or verapamil. 


The afterload is the amount of tension the eontraeting ventriele must produce 
to foree open the semilunar valve and ejeet blood.The greater the afterload, 
the longer the period of isovolumetric eontraetion, the shorter the duration 
of ventricular ejeetion, and the larger the ESV. In other words, as the afterload 
inereases, the stroke volume deereases. Afterload is inereased by any faetor that 
restriets blood flow through the arterial system. For example, vasoeonstrietion 
(the narrowing of peripheral blood vessels) inereases the afterload, whereas 
vasodilation (the relaxation and widening of peripheral blood vessels) deereases 
the afterload. 


Modyle 19.14 Revìew 


a. Define end-diastolie volume (EDV) and end-systolie volume (ESV). 

b. What effeet would an inerease in venous return have on the 
stroke volume? 


e. What effeet would an inerease in sympathetie stimulation of the 
heart have on the end-systolie volume (ESV)? 


(S) 19.14 Deseribe the variables that influence stroke volume. 
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Module 19.15 


Gardìae output ìs regulated by adjustments 
ìn heart rate and stroke volume 


As this figure indieates, eardiae output varies widely 
to meet metabolie demands. The body must elosely 
monitor and tightly eontrol those variations. 



2 


This diagram snmmarizes the important information 


presented thus far eoneerning the faetors that affeet 
eardiae output. Review this carefully before proeeeding to 
the next seetion. 




l\/laximum for trained athletes 
exercising at peak levels 


Faetors affeetìng heart rate (HR) 






U 

CT3 



U 






Normal range 
of eardiae 
output during 
heavy exercise 



Average resting eardiae output 



Gardiae output in some forms of 
heart faìlure, a eondition that exists 
when the heart ean no longer meet 
the demands of peripheral tissues 


Body temperature or exercìse 

When body temperature rises, 
heart rate goes up; that's why 
your heart seems to raee when 
you have a high fever. A drop 
in body temperature lowers 
heart rate; during heart 
surgery, body temperature 
may be artifieially lowered. 


Autonomìc 
nervous system 

Sympathetie 
stimulation 
inereases HR, and 
parasympathetie 
stimulation 
deereases HR. 

~r 

HEART RATE (HR) 


V 


CARDIAC OUTPUT (CO) = HR X SV 



Hormones 


Many hormones 
inerease heart 
rate (notably, 
epinephrine and 
thyroxine). 
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Faetors affeeting stroke volume (SV) 


Exercíse 


Blood volume 

i 

Blood f1ow 


Autonomic nervous system 


Hormones 

l\/luscular eontrae- 


Large reductions 


ehanges in 


Sympathetie stimulation 


Many hormones 

tions eompress veins 


in blood volume 


peripheral blood 


inereases eontraetility. 


inerease 

and assist valves in 


due to bleeding 


flow patterns 


Parasympathetie stimulation 


eontraetility in 

direeting venous 


or dehydration 


ean inerease or 


deereases eontraetility. 


addition to their 

blood toward the 


reduce venous 


deerease venous 


although the effeets are most 


effeets at other 

right atrium. 


return. 

1 

return. 


pronounced at the atria. 


target organs. 




In general, when venous 
return inereases, SV inereases. 
When venous return 
deereases, SV deereases. 



The greater the eontraetility. 


the smaller the ESV. 




End-díastolíe 
volume (EDV) 



inerease in filling 
time inereases 
the ESV. 


Vasodilation 


deereases 

afterload. 


Vasoeonstrietion 

inereases 

afterload. 




The EDV determines the myoeardial preload, 
or the amount of sareomere stretehing at 
the end of diastole. The amount of preload 
affeets the ESV by influencing the effieieney 
of eontraetions. 



End-systolìe volume (ESV) 



The afterload is the resistanee to 
blood flow out of the heart.The 
greater the afterload, the lower the 
pumping effieieney of the heart, 
and the larger the ESV. 




Apn\/_Ac\/ |ESV = ÌSV 

t IdV ; t SV IS''l = EDV - ESV ; ^ , 5 ^ 


V 


Modyle 19.15 Revìew 


a. Define heartfailure. 

b. Compute Joe's stroke volume ifhis end- 
systolie volume (ESV) is 40 mL and his 
end-diastolie volume (EDV) is 125 mL. 

e. Why is ita potential problem ifthe 
heart beats too rapidly? 


(S) 19.15 Explain how stroke volume and eardiae output are eoordinated. 
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Module 19.16 


CLINICAL MODULE 


+ 


r 


Normal and abnormal eardiae 
aetìvìty ean be deteeted ín 
an eleetroeardìogram 

The eleetrieal events oeenrring in the heart are powerful enough to be 
deteeted by eleetrodes on the snrfaee of the body. A reeording of these 
events over time is an eleetroeardiogram (e-lek-tró-KAR-dè-ó-gram), 
also ealled an ECG or EKG. Clinicians ean use an ECG to assess the 
performanee of speeifie nodal, eondneting, and eontraetile eomponents. 
When a portion of the heart has been damaged by a heart attaek, for 
example, the ECG will reveal an abnormal pattern of impnlse eondnetion. 




The appearanee of the ECG varies 
with the plaeement of the moni- 
toring eleetrodes, or leads. The photo 
shows the leads in one of the standard 
eonfignrations and the graph indieates 
the important featnres of an ECG 
obtained using that eonfignration. 


800 msee 



The small P wave 
represents 
depolarization of 
the atria.The atria 
begin eontraeting 
about 25 msee 
afterthe start of 
the P wave. 




The QRS coimplex eorresponds to depolarization of the 
ventrieles.This is a relatively strong eleetrieal signal, 
because the ventricular muscle is much more massive than 
that of the atria. It is also a complex signal, largely because 
of the complex pathway that the spread of depolarization 
takes through the ventrieles.The ventrieles begin eontraet- 
ing shortly after the peak of the R wave, the first positive 
(upward) defleetion of the QRS complex. 


The smaller T wave represents 
repolarization of the ventrieles. 

A defleetion eorresponding to 
atrial repolarization is not 
apparent, because it occurs 
while the ventrieles are depolar- 
izing, and the eleetrieal events 
are masked by the QRS complex. 



-Kl 


+0.5 


Millivolts 


0 


-0.5 


The P-R ìnterval is the time between the beginning of 
the P wave and the beginning of the next QRS complex. 
It does not extend just to R, because in abnormal ECGs 
the peak at R ean be difficult to determine. Extension of 
the P-R interval to more than 200 msee ean indieate 
damage to the conducting pathways or AV node. 


The Q-T ìnterval indieates the time from the beginning of the 
Q wave to the end of theT wave. It indieates the time required 
for the ventrieles to undergo a single eyele of depolarization 
and repolarization.The Q-T interval ean be lengthened by 
eleetrolyte disturbances, some medieations, conduction 
problems, eoronary isehemia, or myoeardial damage. 
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Despite the variety of sophistieated equipment available to assess or visualize eardiae 
function, in the majority of eases the ECG provides the most important diagnostie 


information. ECG analysis is espeeially useful in deteeting and diagnosing eardíae arrhythmias 
(à-RITH-mè-uz)—abnormal patterns of eardiae eleetrieal aetivity. Momentary arrhythmias 
are not inherently dangerous; about 5 pereent of healthy people experience a few abnormal 
heartbeats eaeh day. Clinical problems appear when arrhythmias reduce the pumping 
effieieney of the heart. Several important examples of arrhythmias are deseribed here. 


Premature Atrìal Contractions (PACs) 



Premature atrial eontraetions (PACs) often occur in healthy people. In a PAC, the normal 
atrial rhythm is momentarily interrupted by a"surprise"atrial eontraetion. Stress, eaffeine, and 
various drugs may inerease the ineidenee of PACs, presumably by inereasing the permeabili- 
ties of the SA paeemakers.The impulse spreads along the conduction pathway, and a normal 
ventricular eontraetion follows the atrial beat. 


Paroxysmal Atrial Taehyeardia (PAT) 

In paroxysmal (par-ok-SIZ-mal) atrial taehyeardia, or PAT, a premature atrial eontraetion 
triggers a flurry of atrial aetivity.The ventrieles are still able to keep paee, and the heart rate 
jumps to about 180 bpm. 



Atrial Fibrillation (AF) 

During atrial fibrillation (fib-ri-LÀ-shun), the impulses move over the atrial surface at rates 
of perhaps 500 bpm.The atrial wall quivers instead of producing an organized eontraetion. 
The ventricular rate eannot follow the atrial rate and may remain within normal limits. Even 
though the atria are now nonfunctional, their contribution to ventricular end-diastolie 
volume is so small that the eondition may go unnoticed in older individuals. 



Premature Ventrícular Contractíons (PVCs) 



Premature ventrìcular eontraetìons (PVCs) occur when a Purkinje eell or ventricular 
myoeardial eell depolarizes to threshold and triggers a premature eontraetion. Single PVCs 
are eommon and not dangerous.The eell responsible is ealled an eetopìe paeemaker, which 
is a paeemaker other than the SA node. The frequency of PVCs ean be inereased by exposure 
to epinephrine, to other stimulatory drugs, or to ionie ehanges that depolarize eardiae 
muscle eell membranes. 


VentrìcularTachycardìa (VT) 



Ventrìcular taehyeardìa is defined as four or more PVCs without intervening normal beats. 
It is also known as VT or V-taeh. Mnltiple PVCs and VT may indieate that serious eardiae 
problems exist. 


Ventrìcular Fìbrìllatìon (VF) 



Ventrìcular fìbrìllatìon (VF), or v-fib, is responsible for the eondition known as eardíae 
arrest. VF is rapidly fatal, because the ventrieles quiver and stop pumping blood. The heart 
in VF is said to resemble a bag of squirming worms. 


Modyle 19.16 Revìew 


a. Define eleetroeardiogram. 

b. List the important features ofthe ECG, 
and indieate what eaeh represents. 

e. Why is ventricularfibrillation fatal? 


(S) 19.16 Identify the eleetrieal events shown on an eleetroeardiogram. 
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Matehìng 


Mateh eaeh lettered term with the most 


a. P wave 

b. eardiae output 
e. automaticity 

d. "lubb"sound 

e. "dupp"sound 

f. sympathetie neurons 

g. stroke volume 

h. taehyeardia 

i. bradyeardia 

j. parasympathetie neurons 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


elosely related deseription. 

AV valves elose 

Self-stimulated eardiae muscle eontraetions 
Atrial depolarization 

Amount of blood ejeeted by ventriele during a single beat 
HRXSV 

Deerease the heart rate 
Term for slower-than-normal HR 
Inerease the heart rate 
Semilunar valve eloses 
Term forfaster-than-normal HR 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


Short answer 


Refer to the aeeompanying graph of the eardiae eyele to answer the questions below. 


ATRIAL 

DIASTOLE 


ATRIAL 

SYSTOLE 


120 


Oì 


O) 


t/i 

t/i 

OJ 


90 


60 


30 
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VENTRICULAR 

DIASTOLE 


ATRIAL DIASTOLE 


ATRIAL 

SYSTOLE 


VENTRICULAR 

SYSTOLE 


VENTRICULAR DIASTOLE 
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What event occurs when the pressure in the left ventriele rises above that in the left atrium? 

During ventricular systole, the blood volume in the atria is (inereasing or deereasing)? 

During ventricular systole, the volume in the ventrieles is (inereasing or deereasing)? 

During most of ventricular diastole, the pressure in the left ventriele is (greater than, the same 
as, or less than) the pressure in the left atrium. 

What event occurs when the pressure within the left ventriele beeomes greater than the 
pressure within the aorta? 

During isovolumetric eontraetion, where is pressure the highest? 

During what part of the eardiae eyele is blood pressure highest in the large systemie arteries? 


11 

12 

13 

14 

15 

16 
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Module 19.17 




SEGTION 3 • eoordìnatìon of CardìacOutput and Blood Flow 


Pressure, resistanee, and venous 
return affeet eardíae output 


You are now familiar with the faetors 
involved in the regulation of eardiae 
output. Both eardiae output and 
the distribntion of blood within the 
pnlmonary and systemie eirenits must 
eonstantly be adjnsted to meet the 
demands of aetive tissnes. The sites 
and meehanisms of eardiovasenlar 
regnlation are snmmarized here. 


Venous Retum 


The venous retum is the amount of 
blood arriving at the right atrium eaeh 
minute. On average, it is equal to the 
eardiae output. 



Venous Pressure 



Valves and muscular eompression of 
peripheral veins play an important 
role in maintaining venous pressure 
and venous blood flow. As blood 
moves toward the heart, the vessels 
get larger and larger in diameter, and 


resistanee is continuously deereasing. 



In this seetion we will eonsider the 
fnnetioning of the eardiovasenlar 
system as a whole, and learn how 
neural and hormonal meehanisms 
regnlate eardiovasenlar fnnetion. 


Gardìae Output 



To maintain eardìae output, the heart 
must generate enough pressure to 
foree blood through thousands of 
miles of peripheral eapillaries, most 
no larger in diameter than a single red 
blood eell. 




Neural and hormonal regulatìon 

make eoordinated adjustments in 
heart rate, stroke volume, peripheral 
resistanee, and venous pressure so 
that eardiae output is sufficient to 
meet the demands of peripheral 
tissues. 








eapìllary Pressure 

_1 


Because eapillary pressures are 
very low, blood flows slowly, 
allowing plenty oftimefor 
diffusion between the blood and 
the surrounding interstitial fluid. 
This interplay, ealled eapìllary 
exchange, is the primary focus of 
the entire cardiovascular system. 



Gapillary 

exchange 



Interstitial fluid 


¥ 



Arteríal Blood Pressure 


Blood pressure is the pressure within 
the cardiovascular system as a whole. 
Arterìal pressure is much higher 
than venous pressure because it 
must push blood a greater distanee 
and through smaller and smaller 
arteries and then through innumer- 
able eapillary networks. 




Perípheral Resìstanee 



Resístanee is a foree that opposes 
movement. The perípheral 
resìstanee is the resistanee of the 
arterial system as a whole. Resistanee 
inereases as the arterial branehes get 
smaller and smaller. 



Modyle 19.17 Revìew 


a. Neural and hormonal regulation 
influence which faetors? 

b. VVhieh is greater: arterial pressure or 
venous pressure? 

e. VVhy is it benefieial foreapillary 
pressure to be very low? 


(S) 19.17 Explain the effeets of pressure, resistanee, and venous return on eardiae output. 
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Module 19.18 


Under normal eondìtions, vessel dìameter 
ìs the prìmary source of resìstanee vvithín 
the cardiovascular system 

For circulation to occur, the heart must develop sufficient pressnre to overeome 
the total peripheral resistanee —the resistanee of the entire eardiovasenlar 
system. The total peripheral resistanee of the eardiovasenlar system depends 
on three faetors: vasenlar resistanee, viseosity, and turbulence. 



Vasealar resistanee, the opposition to blood flow in vessels, is 
the largest eomponent of total peripheral resistanee. Vasenlar 
resistanee primarily resnlts from frietion between blood and the 
vessel walls. The amount of frietion depends on two faetors: vessel 
length and vessel diameter. 


Frìetìon and Vessel Length 

Frietion occurs between the moving blood and the walls of 
the vessel. The longer the vessel, the greater the surface 
area in eontaet with the blood, and the greater the 
resistanee. You ean easily blow the water out of a snorkel 
that is 25 em (10 in.) long, but you eannot blow the water 
out of a 15 m garden hose of the same diameter, because 
the total frietional resistanee is too great.The most 
dramatie ehanges in blood vessel length occur between 
birth and maturity, as individuals grow to adult size. In 
adults, vessel length ean be eonsidered eonstant. 




Resistanee to flow = 1 
Flow = 1 



Resistanee to 
flow = 2 

Flow = Vi 


Fríetíon and Vessel Diameter 


Frietion also occurs between layers of fluid moving at 
different speeds.The layer of blood elosest to the vessel wall 
is slowed down by frietion with the endothelial surface.The 
adjaeent layer of blood is slowed down by frietion with 
the more superficial layer.This effeet gradually dimin- 
ishes as the distanee from the wall inereases. In a 
small-diameter vessel, all the blood is slowed to some 
degree, and resistanee is relatively high. In a large- 
diameter vessel the eentral region is unaffected by 
events at the periphery, so the resistanee is relatively low. 


Greatest resistanee near 
surfaces, slowest flow 



Least resistanee 
at eenter, 
greatest flow 


Vessel Length versus Vessel Dìameter 

Differenees in diameter have much more signifieant effeets on 
resistanee than do differenees in length. As shown here, if two 
vessels are equal in diameter (or radius) but one is twice as long as 
the other, the longer vessel offers twice as much resistanee to blood 
flow. But for two vessels of equal length, one twice the diameter of 
the other, the narrower one offers 16 times as much resistanee to 
blood flow.This relationship, expressed in terms of the vessel radius 
(r) and resistanee (R), ean be summarized as R = 1/r^.This means 
that a small ehange in vessel diameter produces a large ehange in 
resistanee.The vasomotor eenter eontrols peripheral resistanee and 
blood flow primarily by altering the diameters of arterioles. 


Diameter = 2 em 



Resistanee to 
flow = 1 


Diameter = 1 em 



Resistanee to 
flow = 16 
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VLseosity is the resistanee to flow eansed 


by interaetions among moleenles and 
snspended materials in a liquid. Liquids of low 
viseosity, such as water (viseosity 1.0), flow at 
low pressures. Thiek, syrupy fluids, such as 
molasses (viseosity 300), flow only under 
higher pressnres. Whole blood has a viseosity 
about five times that of water, due to the 
presenee of plasma proteins and blood eells. 
Under normal eonditions, the viseosity of 
blood remains stable, but disorders that affeet 
the hematoerit or plasma eomposition also 
ehange blood viseosity, and thus peripheral 
resistanee. 




1000 


100 


O 

u 
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CL» 
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CL» 


10 
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Molasses: 300 


Motor oil:40 


Maple syrup: 10 


Blood: 5 


VVater: 1 
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High flow rates, irregnlar snrfaees, and sudden 


ehanges in vessel diameter upset the smooth flow of 
blood, ereating eddies and swirls. This phenomenon, ealled 
turbulence, inereases resistanee and slows blood flow. 

Here you see the turbulence ereated by the presenee of a 
plaque within a small artery. Turbulence also occurs in 
normal individnals when blood flows between the atria and 
the ventrieles, and between the ventrieles and the aortie 
and pnlmonary trunks. Turbulent flow is responsible for 
the prodnetion of the third and fourth heart sounds. 


Turbulence 



Plaque deposit 


Modyle 19.18 Revíew 


a. List the faetors that contribute to total 
peripheral resistanee. 

b. VVhieh would reduce peripheral 
resistanee: an inerease in vessel length 
or an inerease in vessel diameter? 

e. Explain theformula R= l/rl 


(S) 19.18 Deseribe the faetors that influence total peripheral resistanee. 
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Module 19.19 

j 


Blood flow ìs determíned by the ìnterplay between 
arteríal pressure and perìpheral resistanee 


In general terms, blood flow is direetly proportional to the blood pressare 
(inereased pressnre resnlts in inereased flow), and inversely proportional to 
peripheral resistanee (inereased resistanee resnlts in deereased flow). However, 
the absolnte pressnre is less important than the pressnre gradient —the differenee 
in pressnre from one end of the vessel to the other. The 
largest pressnre gradient is fonnd between the base of the 
aorta and the proximal ends of peripheral eapillary beds. 

The eardiovasenlar eenter (made up of the eardioaeeelera- 
tory eenter, eardioinhibitory eenter, and the vasomotor 
eenter) ean alter this gradient, and thereby ehange the rate 
of eapillary blood flow, by adjusting eardiae output and 
peripheral resistanee. 


As blood proeeeds from the 
aorta tovvard the eapillaries, 
blood vessels diverge.The 
arteries braneh repeatedly, 
and eaeh braneh is smaller 
in diameter than the 
preeeding one. 


As blood proeeeds from the 
eapillaries tovvard the venae 
eavae, blood vessels 
eonverge. Vessel diameters 
inerease as venules eombine 
to form small and medium- 
sized veins. 



As blood proeeeds toward the eapillaries, the 
diameter of the arteries deereases markedly. 


As blood returns toward the heart, the diameter of 


the veins inereases. 
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Elastie Muscular Arterioles Capillaries Venules Veins Venae 


arteries arteries 


eavae 


Aorta 
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The heart generates a pressnre of around 120 
mm Hg as it pushes blood into the aorta. 


which has a eross-seetional area of ronghly 4.5 em^. 
At eaeh branehing of the arterial system, the 
arterial pressnre drops as blood is pushed into 
ever-inereasing nnmbers of smaller and smaller 
branehes. At the start of peripheral eapillaries, 
arterial pressnre has fallen to approximately 35 mm 
Hg, and by the time blood reaehes the vennles, it 
has fallen to approximately 18 mm Hg. 



3 


As blood pressnre deereases, the blood moves 


more slowly. Blood flow is highest in the aorta, 
where blood pressnre is high and the large diameter 
means that resistanee is low. Blood flow is slowest in 
the eapillaries, whose diameter is nearly the same 
as that of a single red blood eell. This is important 
beeanse exchange with interstitial fluid occurs only 
in the eapillaries, and diffnsion is a relatively slow 
proeess. Blood flow then aeeelerates in the venous 
system beeanse althongh pressnres are falling, the 
vessels are merging into large-diameter passages with 
very low resistanee. 
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Arterial pressure is not 
eonstant. It rises during 


ventrienlar systole and falls during 
ventrienlar diastole as the elastie 
arterial walls streteh and reeoil. 

The peak blood pressnre measnred 
during ventrienlar systole is ealled 
systolie pressure, and the 
minimnm blood pressnre at the 
end of ventrienlar diastole is ealled 
dìastolie pressure. In reeording 
blood pressnre, we separate 
systolie and diastolie pressnres 
with a slash. Thus the blood 
pressure illustrated here is written 
as 120/90 (read as “one-twenty 
over ninety”). 


The differenee 
between the 
systolie and 
diastolie 
pressures is the 
pulse pressure 
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Systolie 


The mean arterìal pressure 
(MAP) is calculated by adding 
one-third of the pulse pressure 
to the diastolie pressure. For a 
systolie pressure of 120 mm Hg 
and a diastolie pressure of 90 
mm Hg, MAP ean be calculated 
asfollows: 

90-^(120 -90)/3 



100 mm Hg 


Aorta Elastie 


arteries arteries 


Muscular Arterioles Capillaries Venules Mediunn- Large Venae 

sized veins veins eavae 


inereasing distanee from left ventriele 
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Gapillary exchange involves a eombination 
of filtration, diffnsion, and osmosis. 


Gapillary hydrostatie pressure (CHP) is the blood 
pressnre within eapillary beds, and it provides the 
driving foree for filtration. Along the length of a 
typieal eapillary, CHP pushes water and solnble 
moleenles out of the bloodstream and into the 
interstitial fluid. Only small solntes ean eross the 
endothelinm; larger moleenles, such as plasma 
proteins, remain in the bloodstream. This 
size-seleetive proeess is ealled filtration. We will 
eonsider fnrther details about eapillary exchange 
in the next module. 


Small solutes 


eapillary 

hydrostatie 

pressure 



Amino aeid 

Blood protein 
Glucose 

lons 

Interstitial fluid 



Hydrogen bond 


VVater molecule 


Endothelial 


Modnle 19.19 Revíew 


a. Define blood flow, and deseribe its 
relationship to blood pressure and 
peripheral resistanee. 

b. In a healthy person, where is blood 
pressure greater: in the aorta or in the 
inferior vena eava? Explain. 


Relatively small solutes are earried along 
as CHP pushes water into the interstitial 
spaees. 



Calculatethe mean arterial pressure 
for a person whose blood pressure is 


125/70. 


(S) 19.19 Deseribe the faetors that determine blood flow. 
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Module 19.20 
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eapìllary exchange ìs a dynamìe proeess that 
íncludes diffusíon, filtratíon, and reabsorptíon 



Diffusion is the net movement of ions or molecules 
from an area where their eoneentration is higher 
to an area where their eoneentration is lower. Diffnsion 
occurs most rapidly when (1) the distanees involved are 
short, (2) the eoneentration gradient is large, and (3) the 
ions or moleenles involved are small. Diffnsion occurs 
continuously aeross eapillary walls, but different 
snbstanees use different routes, as noted in the table 
below. 


2 


In a eapillary, blood pressnre deereases 
as blood flows from the arterial end to the 


venous end. As a result, the rates of filtration 
and reabsorption gradnally ehange as blood 
passes along the length of a eapillary. The 
faetors involved are diagrammed in the figure 
below. 


Routes of Diffusion aeross Gapillary VValls 


• VVater, ions, and small organie molecules, such as 
glucose, amino aeids, and urea, ean usually enter or 
leave the bloodstream by diffusion either between 
adjaeent endothelial eells or through the pores of 
fenestrated eapillaries. 

• Many ions, including sodium, potassium, calcium, 
and ehloride, ean diffuse aeross endothelial eells by 
passing through ehannels in plasma membranes. 

• Large water-soluble compounds are unable to enter 
or leave the bloodstream except at fenestrated 
eapillaries, such as those in the hypothalamus, the 
kidneys, many endoerine organs, and the intestinal 
traet. 

• Lipids, such as fatty aeids and steroids, and lipid- 
soluble materials, including soluble gases such 
as oxygen and earbon dioxide, ean eross eapillary 
walls by diffusion through the endothelial plasma 
membranes. 

• Plasma proteins are normally unable to eross the 
endothelial lining anywhere except in sinusoids, such 
as those of the liver, where plasma proteins enter the 
bloodstream. 



í 


t 

i 

( 


( 


I 


Arteríole 


Fìltratíon Predomínates 



Filtration predominates at the arterial end of a 
eapillary, where eapìllary hydrostatìe pressure 
(CHP) is highest. As filtration occurs, the plasma 
osmolarity, or blood eolloìd osmotìe pressure 
(BCOP), inereases. BCOP rises because water is 
leaving but the larger solutes, espeeially soluble 
plasma proteins, are remaining behind.The 
differenee between CHP (which pushes water 
out) and BCOP (which draws water in) is known 
as the net fìltratìon pressure (NFP). At the 
start of the eapillary, NFP is high, but as blood 
flows along the eapillary, CHP deereases as 
water flows out, and BCOP rises as plasma 
protein eoneentrations inerease. 



mm 


Hg 


mm 


Hg 




eapíllary 


CHP>BCOP 
Fluid foreed 
out of eapillary 


722 • ehapter 19: The Heart and Cardiovascular Fanetion 












































3 


Any eonditions that affeet either blood pressnre or the 


osmotie pressnres of the blood or interstitial flnid will 
shift the balanee between hydrostatie and osmotie forees. We 
ean then prediet the effeets on the basis of an nnderstanding 
of eapillary dynamies. Three examples are presented in the 
table to the right. 


Representatìve Variations in Capillary Exchange 


No Net Movement 


At a point roughly 
two-thirds of the 
way along the 
eapillary, NFP is 
zero and there is no 
net movement of 
fluid into or out of 
the eapillary. 


No net fluid 
movement 


25 

25 

mm 

mm 


NFP = 0 


CHP = BCOP 
No net fluid 
movement 


Reabsorptìon Predomìnates 


In the final segment of the 
eapillary, CHP falls below 
BCOP, and water flows baek 
into the eapillary. Note that 
more water leaves the 
bloodstream during filtration 
than gets retrieved through 
reabsorption.The differenee, 
approximately 3.6 L/day, 
flows through peripheral 
tissues and enters lymphatie 
vessels that eventually return 
it to the venous system. 


TTì 


If hemorrhaging occurs, both blood volume and blood pressure 
deeline.This deerease in CHP lowers the NFP and inereases the 
amount of eapillary reabsorption.The result is a reduction in 
the volume of interstitial fluid and an inerease in the circulating 
plasma volume.This proeess is known as a reeall of fluìds. 

If dehydration occurs, the plasma volume deereases due to water 
loss, and the eoneentration of plasma proteins inereases. The 
inerease in BCOP aeeelerates reabsorption and a reeall of fluids 
that delays the onset and severity of elinieal problems caused by 
low blood volume and blood pressure. 

If the CHP rises or the BCOP deereases, fluid moves out of the 
blood in eapillaries and builds up in peripheral tissues, an 
abnormal eondition ealled edema. 


20.4 L/day 


18 ^ 


\ 

25 

mm 


mm 

Hg 




eapìllary 


BCOP>CHP 
Fluid moves 
into eapillary 



KEY 





t 


CHP (Capillary 
hydrostatie pressure) 

BCOP (Blood eolloid 
osmotie pressure) 

NFP (Net filtration 
pressure) 


Module 19.20 Revìew 


a. Identify the eonditions that would shift 
the balanee between hydrostatie and 
osmotie forees. 

b. Llnder what general eonditions would 
fluid move into a eapillary? 

e. Defineedema. 


19.20 Deseribe the movement offluids 
between eapillaries and interstitial spaees. 
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Module 19.21 

j 


Cardìovascular regulatory meehanìsins respond 
to ehanges in blood pressure or blood ehemístry 

Homeostatie meehanisms regnlate eardiovasenlar aetivity to ensnre that tissue perfusion— 
the blood flow throngh the tissnes—meets the tissne demands for oxygen and nntrients. 

There are two regnlatory pathways: one that involves loeal antoregnlation and, if that is ineffeetive, 
a seeond that involves eentral regnlation by nenral and endoerine meehanisms. 



eentral Regulation 


Gentral regulatíon ínvolves both 
neural and endoerine meehanisms. 
Aetivation of the cardiovascular 
eenter involves both the eardìoae- 
eeleratory eenter (which stimulates 
the heart) and the vasomotor eenter 
(which eontrols the degree 
of peripheral vasoeonstrietion). 
Neural meehanisms inerease eardiae 
output and deerease blood flow to 
nonessential or inaetive tissues.The 
primary vasoeonstrietor involved in 
neural regulation is norepinephrine 
(NE). Endoerine meehanisms involve 
long-term inereases in blood volume 
and blood pressure. 




meehanisms 


Stimulation of 
reeeptors sensitive 
to ehanges in 
systemie blood 
pressure or 
ehemistry 



Aetivation of 

cardiovascular 

eenters 



Short-term inerease 
of blood pressure 
by sympathetie 
stimulation of the 
heart and peripheral 
vasoeonstrietion 



Stimulation 
of endoerine 
response 



Long-term inerease 
in blood volume 
and blood pressure 




Endoerine meehanisms 


If autoregulation is ineffeetive 



Autoregulation 



Autoregulatìon involves 
ehanges in the pattern of 
blood flow within eapillary 
beds as preeapillary 
sphineters open and elose 
in response to ehemieal 
ehanges in the interstitial 
fluid. Faetors that promote 
the dilation of blood 
vessels are ealled 
vasodìlators. Loeal 
vasodilators such as 
laetate aeeelerate blood 
flow through their tissue 
of origin. 



V 


V 



HOMEOSTASIS 

RESTORED 


Loeal deerease 
in resistanee 
and inerease in 
blood flow 



Loeal vasodilators 
released 


lnadequate 
loeal blood 
pressure and 
blood flow 



HOMEOSTASIS DISTURBED 


Physieal stress (trauma. 


high temperature) 
ehemieal ehanges 
(deereased O^ or pH, 
inereased GO^ or 
prostaglandins) 
inereased tissue aetivity 



HOMEOSTASIS 

RESTORED 
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The baroreeeptor reflexes {barO', pressure) respond to ehanges 
in blood pressure. As noted in Module 14.10 (p, 526), the 


reeeptors are loeated in the walls of (1) the earotid sinnses, expanded 
ehambers near the bases of the internal earotid arteries of the neek; 
(2) the aortie sinnses, poekets in the walls of the aseending aorta 
adjaeent to the heart; and (3) the right atrium. 


Responses to inereased 

Baroreeeptor Stímulatìon 

• A deerease in eardiae output, due to 
parasympathetie stimulation and the 
inhibition of sympathetie aetivity. 

• VVidespread peripheral vasodilation, due to 
the inhibition of the vasomotor eenter. 




Baroreeeptors 

stimulated 






Gardioinhibitory 
eenter stimulated 


Gardioaeeeleratory 
eenter inhibited 


Vasomotor eenter 
inhibited 



HOMEOSTASIS 


Normal range 
of blood 
pressure 


Deereased 

eardiae 

output 



Vasodilation 

occurs 




HOMEOSTASIS 


HOMEOSTASIS 

DISTURBED 


RESTORED 

inereasing blood 


Blood pressure 

pressure 


deereases 


HOMEOSTASIS 


HOMEOSTASIS 

DISTURBED 


RESTORED 

Deereasing blood 


Blood pressure 

pressure 


inereases 


Responses to Deereased 

Baroreeeptor Stímulatìon 

• inerease in eardiae output, through the 
stimulation of sympathetie innervation to 
the heart.This results from the stimulation 
of the eardioaeeeleratory eenter and is 
aeeompanied byan inhibition ofthe 
eardioinhibitory eenter. 

• VVidespread peripheral vasoeonstrietion, 
caused by the stimulation of the vasomotor 
eenter. 

• In a erisis, such as a major blood loss, 
sympathetie aetivation occurs; both 
norepinephrine and epinephrine enter the 
bloodstream.The net effeet is an immediate 
inerease in eardiae output and generalized 
vascular eonstrietion, a eombination that 
rapidly elevates blood pressure. 


V 






stimulated 


Gardioaeeeleratory 
eenter stimulated 


Gardioinhibitory 
eenter inhibited 


f 


A 


í 


Vasoeonstrietion 


occurs 


Vasomotor eenter 




inereased 

eardiae 

output 



Modyle 19.21 Revìew 


a. Define tissue perfusion. 

b. Deseribe autoregulation as it pertains 
to cardiovascularfunction. 

e. Explain the function of baroreeeptor 
reflexes. 


19.21 Explain eentral regulation, autoregulation, and baroreeeptor reflexes 
in response to ehanges in blood pressure and blood eomposition. 


Section3:CoordinationofCardiacOutputandBloodFlow • 725 




















































































Module 19.22 


r 


Endoerìne responses to low blood 
pressure and low blood volume... 

The endoerine system provides both short-term and long-term regnlation of 
eardiovasenlar performanee throngh the endoerine fnnetions of the heart and the 
kidneys, in addition to the aetions of antidinretie hormone from the pitnitary gland. 



When blood pressnre and blood volnme deerease below 
normal, the immediate response is the release of E and 
NE from the adrenal mednllae, stimnlating eardiae output and 
peripheral vasoeonstrietion. Other hormones important in 
the long'term response inelnde (1) antidinretie hormone 
(ADH), (2) angiotensin II, (3) erythropoietin (EPO), and 
(4) aldosterone. Althongh ADH and angiotensin II also 
affeet blood pressnre, these two hormones are eoneerned 
primarily with the long-term regnlation of blood volume. 


HOMEOSTASIS 


Deereasing blood 
pressure and 
volume 


Normal blood 
pressure and 
volume 




Start 





HOMEOSTASIS 


HOMEOSTASIS 

DISTURBED 


RESTORED 

Blood pressure 


Blood pressure 

and volume deerease 


and volume inerease 


Short-term 


Long-term 



Sympathetie aetivation 
and release of adrenal 


hormones E and NE 


Endoerìne Response of Kìdneys 


Renìn (RÉ-nin) is released when 
renal blood pressure and blood 
volume deerease. Renin release 
aetivates angiotensin I, which is 


eonverted in the lung eapillaries 
to angiotensin II by angìotensin- 
eonvertìng enzyme (ACE) 
Several drugs used to eontrol 
blood pressure inhibit ACE. 


Erythropoìetín (EPO) is released 
by the kidneys if blood pressure 
deereases or if the oxygen eontent of 
the blood beeomes abnormally low. 



inereased eardiae 
output and 
peripheral 
vasoeonstrietion 




eombíned Short-Term 

and Long-Term Effeets 

inereased 

inereased 

blood 

blood 

pressure 

volume 




Angíotensín II Effeets 

VVidespread 

vasoeonstrietion 


Antidiuretic 


inereased 


red blood eell 
formation 



hormone released 


Aldosterone seereted 


Thirst stimulated 
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... are very dífferent from those to high 
blood pressore and high blood volume 


2 


Excessive blood volume triggers a response through its effeets 
on the walls of the heart. When the heart walls are abnormally 
stretehed during diastole, eardiae muscle eells release natriuretic 
peptides. Atrial natriuretic peptide (nà-trè'U-RET-ik; natrium, 
sodium + onresis, urination), or ANP, is prodneed by eardiae 
muscle eells in the wall of the right atrium. A related hormone 
ealled brain natrinretie peptide (BNP) is prodneed by ventrienlar 
muscle eells. The homeostatie responses to ANP and BNP are 
snmmarized below. As blood volume and blood pressnre deerease, 
the stresses on the walls of the heart are removed, and natrinretie 
peptide prodnetion eeases. 




Natriuretic 
peptides released 
by the heart 


Responses to ANP and BNP 


inereased Na”^ loss in urine 


inereased water loss 
in urine 


Reduced thirst 


Inhibition of ADH, 
aldosterone, epinephrine, 
and norepinephrine 
release 




Peripheral vasodilation 


eombìned Effeets 

Deereased 

Deereased 

blood 

blood 

volume 

pressure 


inereásinglplood 


prepnreand 
volume 




HOMEOSTASIS 

DISTURBED 


inereasing blood 
pressure and 
volume 


Start 


HOMEOSTASIS 

RESTORED 


Deereasing blood 
pressure and 
volume 




Modyle 19.22 Revíew 


a. Identify the hormones responsible for 
short-term regulation of deereasing 
blood pressure and blood volume. 

b. Howdoesthekidneyrespondto 
vasoeonstrietion of the renal artery? 

e. Deseribe the roles ofthe natriuretic 
peptides. 


19.22 Explain the hormonal regulation 
of blood pressure and blood volume. 
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Module 19.23 



Ghemoreeeptors monìtor the ehemieal 
eomposítion of the blood and eerebrospinal fluid 


ehemoreeeptor loeations and fnnetions were introdneed in Modnle 
14.10 (p. 527). The ehemoreeeptor reflexes respond to ehanges in earbon 
dioKÌde, oxygen, or pH levels in blood and eerebrospinal fluid (CSF). 

The ehemoreeeptors involved are sensory neurons loeated in the earotid 
bodies, sitnated in the neek near the earotid sinus; in the aortie bodies, 
near the aortie areh; and on the ventrolateral snrfaees of the mednlla 
oblongata. Stimnlation of these ehemoreeeptors triggers eoordinated 
adjnstments in eardiovasenlar and respiratory aetivity. 



Respiratory eenters in 
the medulla oblongata 
stimulated 




Respìratory Response 

Respiratory rate 
inereases 



Effeets on 

Cardìovascular Genter 


Reflex Response 

ehemoreeeptors 

stimulated 


Gardioaeeeleratory 
eenter stimulated 



Responses 



Gardioinhibitory 
eenter inhibited 


inereasing GO^ level 


Deereasing pH 
and O2 levels 


Vasomotor eenter 
stimulated 




inereased eardiae 
output and blood 
pressure 



Vasoeonstrietion 

occurs 



Start 





HOMEOSTASIS 


HOMEOSTASIS 

DISTURBED 


RESTORED 

inereased eo^ levels. 


Deereased eo^ levels. 

deereased pH and O^ 


inereased pH and O^ 

levels in blood and CSF 


levels in blood and CSF 


HOMEOSTASIS 


Normal pH, O2, 
and eo^ levels in 
blood and CSF 


Modyle 19.23 Revìew 


a. What is the function ofehemoreeeptor 
reflexes? 

b. Cite the loeations of ehemoreeeptors. 

e. Whateffectdoesan inereaseinthe 
respiratory rate have on eo^ levels? 
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19.23 Deseribe the role of ehemoreeeptor 
reflexes in adjusting cardiovascular aetivity. 


















































Module 19.24 


r 


The cardìovascular eenter makes extensìve adjustments 
to eardiae output and blood distribution during exercise 



At rest, eardiae output averages 
around 5.8 L/min. Note the 
pattern of blood distribution 
to major organs, espeeially the 
skeletal muscles, brain, and 
abdominal viseera. 


Líght Exercìse Heavy Exercìse 


As you begin light exercise, three interrelated 

ehanges take plaee: 

1. Vasodilation occurs, peripheral resistanee 
drops, and blood flow through the eapillaries 
inereases. 

2. The venous return inereases as skeletal 
muscle eontraetions squeeze blood along 
the peripheral veins. At the same time, eaeh 
inhalation ereates a negative pressure in the 
thoraeie eavity that pulls blood into the 
venae eavae from their branehes. This 
meehanism is ealled the respìratory pump. 

3. Gardiae output inereases, primarily due to 
the inereased venous return. 


At higher levels of exertion, eardiae 
output inereases toward maximal levels. 
Major ehanges in the peripheral 
distribution of blood allow a massive 
inerease in blood flowto skeletal muscles 
while preventing a potentially disastrous 
deerease in systemie blood pressure. 
Llnder massive sympathetie stimulation, 
the vasomotor eenter severely restriets 
blood flow to "nonessential" organs, such 
as the digestive viseera. Although blood 
flow to most tissues is diminished, body 
temperature rises and skin perfusion 
inereases to promote heat loss. Only 
the blood supply to the brain 
remains unchanged. 


Brain 


eardìae 
output 
5800 mL/mìn 


Kidney 


Abdominal 
viseera 


Skin 


Other tissues 


Skeletal 

Muscles 



Brain 


Gardìae 
output = 
9500 mL/mìn 


Kidney 


Abdominal 

viseera 


Skin 


Othertissues 


Skeletal 

Muscles 




Gardìae 
output = 
17,500 mL/mìn 


Abdominal 

viseera 


Other tissues 


Skeletal 

Muscles 


600 mL/min 


600 rr 


1900n 


400 mL/min 


12,500 mL/min 


Carcliovascular performanee improves signifieantly with training. 
Trained athletes have bigger hearts and larger stroke volumes than do 
nonathletes. Because eardiae output is equal to the stroke volume times 
the heart rate, at a given eardiae output, the larger the stroke volume, 
the slower the heart rate. An athlete at rest ean maintain normal blood 
flow to peripheral tissues at a heart rate as low as 32 beats per minute, 
and, when neeessary, the eardiae output of an athlete in peak eondition 
ean inerease to levels 50 pereent higher than those of nonathletes. 


Modyle 19.24 Revíew 


a. Deseribetherespiratory pump. 

b. Deseribe the ehanges in eardiae output 
and blood flow during exercise. 

e. Why must blood flow to viseeral organs 
be reduced during exercise? 


19.24 Explain how the cardiovascular system 
responds to the demands of exercise. 
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Module 19.25 


+ 


CLINICAL MODULE 




Short-term and long-term meehanìsms 
eompensate for a reductíon ín blood volume 



When hemostasis fails to prevent signifieant blood 
loss, the entire eardiovasenlar system makes adjnst- 
ments to maintain blood pressnre and restore blood 
volnme. The immediate problem is the mainte- 
nanee of adequate blood pressure and peripheral 
blood flow. The long-term problem is the 
restoration of normal 
blood volume. These 
meehanisms ean 
eope with blood 
losses equivalent to 
approximately 30 
pereent of total 
blood volume. 


HOMEOSTASIS 



Start 





HOMEOSTASIS 

DISTURBED 

Extensive bleeding 
deereases blood 
pressure and volume 




Normal blood 
pressure and 
volume 



HOMEOSTASIS 

RESTORED 


Blood pressure 
and volume inerease 


Responses 
eoordinated by the 
endoerine s 


Responses 
direeted by the 


nervous system 




Elevation 
of blood 
volume 


Deereasing blood 
pressure and 
volume 




Long-Term Hormonal Response 



ADH, angiotensin II, aldosterone, 
and EPO released 


Pain, stress, 
anxiety, fear 



Stimulation of 
baroreeeptors and 
ehemoreeeptors 



Cardìovascular Responses 

Peripheral 
vasoeonstrietion; 
mobilization of 

venous reserve 

inereased 

eardiae 

output 

1 


Higher Genter | 

Stimulation of 

General 

cardiovascular 

sympathetie 

eenter 

aetivation 



Short-Term Responses to Blood Loss 


• Garotid and aortie reflexes inerease eardiae output and cause peripheral 
vasoeonstrietion. Gardiae output is maintained by inereasing the heart rate, 
typieally to 180-200 bpm. 

• The eombination of stress and anxiety stimulates the sympathetie nervous system, 
which causes a further inerease in vasomotor tone, eonstrieting the arterioles and 
inereasing blood pressure. At the same time, venoeonstrietion, the eonstrietion of 
large and medium-sized veins, improves venous return and shifts blood into the 
arterial system. 

• Sympathetie aetivation causes the seeretion of E and NE by the adrenal medullae, 
inereasing eardiae output and extending peripheral vasoeonstrietion.The release 
of ADH by the neurohypophysis and the production of angiotensin II enhanee 
vasoeonstrietion; ADH also partieipates in the long-term response. 


Long-Term Responses to Blood Loss 


• The deerease in eapillary blood pressure triggers 
a reeall of fluids from the interstitial spaees. 

• Aldosterone and ADH promote fluid retention 
and reabsorption by the kidneys. 

• Thirst inereases, and additional water is obtained 
by absorption aeross the digestive traet. 

• Erythropoietin stimulates the maturation of red 
blood eells in the red bone marrow, resulting in 
inereased blood volume and improved oxygen 
delivery to peripheral tissues. 
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Shoek is an acute cardiovascular erisis marked by low blood pressure 
(hypotension) and inadequate peripheral blood flow. Severe and potentially 


fatal signs and symptoms develop as vital tissnes beeome starved for oxygen and 
nntrients. The most eommon eardiovasenlar causes of shoek are a drop in eardiae 
output after hemorrhaging or damage to the heart, as in a heart attaek. Shoek 
develops when normal eompensation meehanisms fail to maintain adequate eardiae 
output and peripheral blood flow. Girenlatory shoek involves a series of interloeking 
positive feedbaek loops that begin when blood loss exceeds about 35 pereent of total 
blood volume. Progressive shoek 
is an initial stage eharaeterized 
by positive feedbaek loops 
that aeeelerate tissue damage. 

Unless the positive feedbaek 
loops are broken, the person 
will enter the fatal stage of 

irreversible shoek. w Severe reduction 

in blood volume 



inereased 

eapillary 

permeability 



Deereased 

venous 

return 







Posìtíve 

feedbaek 

loop 


eiotting 

within 

vessels 



Deereased arterial 
pressure 



Deereased 
eardiae 
blood flow 



If feedbaek loops at 2-4 ean be 
broken, the person may survive. 
If the mean arterial blood 


^ pressure (MAP) falls below 


4 


Positive 

feedbaek 

loop 


Deereased 
peripheral 
blood flow 


inereased Peo^ 
and laetate, 
deereased pH 




50 mm Hg, damage soon 
beeomes irreversible 


l\/laximum 

vasoeonstrietion 





Irreversible 
eardiae muscle 
damage 



Irreversible 
CNS damage 



Positive 

feedbaek 


Deereasing 
arterial pressures 



DEATH 


Progressive Shoek 

1 When blood volume deelines by more 
than 35 pereent, blood pressure remains 
abnormally low, venous return is reduced, 
and eardiae output is inadequate despite 
sustained vasoeonstrietion and the 
mobilization of the venous reserve. 

2 The first of several dangerous positive 
feedbaek loops begins when low eardiae 
output reduces blood flow to the heart. This 
damages the myocardium, which leads to a 
further reduction in eardiae output. 

3 Reduced eardiae output aeeelerates oxygen 
starvation in peripheral tissues, and the 
resulting ehemieal ehanges promote 
intravascular elotting that further restriets 
peripheral blood flow. 

4 Loeal pH ehanges inerease eapillary 
permeability, and this further reduces 
blood volume. 


Irreversìble Shoek 

5 Garotid sinus baroreeeptors trigger a 
massive aetivation of the vasomotor eenter. 
To preserve blood flow to the brain at any 
eost, the sympathetie output causes a 
sustained and maximal vasoeonstrietion. 
This deereases peripheral circulation to an 
absolute minimum, but it inereases blood 
pressure to about 70 mm Hg and temporar- 
ily improves blood flow to eerebral vessels. 

6 Llnless prompt treatment is provided, blood 
pressure will again deerease. By now the 
heart muscle will be seriously damaged as 
blood flow to the brain deereases. 

7 Círculatory eollapse occurs when arteriolar 
smooth muscles and preeapillary sphineters 
beeome unable to eontraet, despite the 
eommands of the vasomotor eenter. The 
result is widespread peripheral vasodilation, 
an immediate and fatal deerease in blood 
pressure, and the eessation of blood flow. 


Modyle 19.25 Revíew 


a. Identify theeompensatory 
meehanisms that respond to blood 
loss. 

b. Name the immediate and long-term 
problems related to profuse blood loss. 

e. Deseribe circulatory shoek, progressive 
shoek, and irreversible shoek. 


(S) 19.25 Explain the body's response to blood loss. 
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Matehíng 

Mateh eaeh lettered term with the most elosely related deseription. 


a. autoregulation 

b. venous return 

e. loeal vasodilators 

d. natriuretic peptides 

e. ehemoreeeptors 

f. baroreeeptors 

g. turbulence 

h. net hydrostatie pressure 

i. medulla oblongata 

j. edema 

k. viseosity 

l. osmotie pressure 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 


Deteet ehanges in pressure 
Vasomotor eenter 

Aided by thoraeie pressure ehanges due to breathing 
Causes immediate, loeal homeostatie responses 
Deereased tissue and inereased GO^ 

Garotid bodies 

Forees water into a eapillary 

Opposite of smooth blood flow 

Resistanee to flow 

Forees water out of a eapillary 

Peripheral vasodilation 

Excess interstitial fluid accumulation 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 


Mateh eaeh lettered item with the appropriate numbered blank box in the diagram below. 


a. inereased eardiae output and peripheral vasoeonstrietion 

b. aldosterone seereted 

e. inereased blood pressure 

d. blood pressure and volume deerease 

e. thirst stimulated 

f. inereased blood volume 

g. blood pressure and volume inerease 

h. antidiuretic hormone released 

i. inereased red blood eell formation 


j. widepread vasoeonstrietion 


HOMEOSTASIS 


Normal blood 
pressure and 



Start 




Deereasing blood 
pressure and 
volume 




HOMEOSTASIS 

DISTURBED 


13 


volume 




Sympathetie aetivation 


and release of adrenal 
hormones E and NE 


14 


A 




Angìotensìn II Effeets 


15 






HOMEOSTASIS 

RESTORED 


22 



eombìned Short-Term 
and Long-Term Effeets 


21 


















































































































































GHAPTER 19 REVIEVV • The Heart and Cardiovascular Functíon 


Study Outlìne 


SEGTION 1 • Structureof the Heart 

V_ _ 



The heart has a superìor base, an ìnferìor apex, and four 
borders p. 685 


1. The base of the heart is at the superior end where the 
great veins and arteries are attaehed. 

2. The apex is a pointed tip at the inferior aspeet of the heart. 

3. The four borders of the heart are the superíor border, 
ìnferíor border, rìght border, and left border. 



The heart wall eontaìns eoneentrìe layers of eardìae mosele 
tìssue p. 686 


4. The heart wall eontains three layers: epícardìum, 
myocardíum, and endocardíum. 

5. The epieardiom, 
or viseeral 
pericardium, is a 
serous membrane 
that eovers the 
surface of the 
heart. The parìetal 
perícardìum is a 
serous membrane 
that forms the outer 
wall of the perieardial 
eavity. It forms part 

of the perìeardíal sae that surrounds the heart. 

6. The myocardium eontains eardiae muscle tissue, blood 
vessels, and nerves. 

7. The endocardium is a simple squamous epithelium and 
underlying areolar tissue that eovers the inner surface of 
the heart and heart valves. 

8. Gardiae muscle eells are small; eontain a single eentrally 
loeated nucleus, branehing intereonneetions between 
eells, and speeialized intercellular eonneetions known as 
ìnterealated dises; and are striated in appearanee. 

9. Gardiae muscle eells are almost totally dependent 
on aerobie metabolism, and are riehly supplied with 
eapillaries. Gap junctions between these eells allow for 
ions and smali molecules to move from one eell to another, 
and ereate a direet eleetrieal eonneetion between them. 
Gardiae muscle is meehanieally, ehemieally, and eleetrieally 
eonneeted such that it resembles a single, enormous 
muscle eell, or functìonal syncytíum. 





The heart ìs loeated ìn the medìastìnum, and enelosed by 
the perìeardìal eavìty p. 688 


10. The heart sits in the anterior portion of the medìastìnum. 
The mediastinum also eontains the great vessels, thymus, 
esophagus, and traehea. 


11. The perieardial eavity is the spaee between the epicardium 
and parietal pericardium, and eontains 15-50 mL of 
perieardial fluid. 


12. Perìeardítís is an infeetion of the pericardium. Gardìae 
tamponade is fluid accumulation within the perieardial 
eavity. 


19.4] 


The boundarìes between the ehambers of the heart ean be 
ìdentìfìed on ìts external surface p. 690 


13. The aurìcle of the atrium is an expandable pouch.The 
eoronary sulcus is a deep groove between the atria 
and the ventrieles.The anterìor ínterventrìcular sulcus 
is a depression between the left and right ventrieles. 

The lìgamentum arterìosum is a remnant of the fetal 
eonneetion between the aorta and pulmonary trunk. 

14. The eoronary sìnus earries blood eolleeted from the 
eoronary veins to the right atrium. The posterìor 
ìnterventrìcular sulcus is a shallow depression between 
the left and right ventrieles. 



The heart has an extensìve blood supply 


p. 692 


15. The left and right eoronary arteries originate at the base 
of the aseending aorta. 

16. The right eoronary artery follows the eoronary sulcus, 
and supplies blood to the right atrium, portions of both 
ventrieles, and portions of the conducting system of the 
heart. Marginal arteries from the right eoronary artery 
supply the surface of the right ventriele. 

17. The left eoronary artery supplies blood to the left atrium, 
left ventriele, and interventricular septum.The anterior 
interventricular artery is a braneh of the left eoronary 
artery that lies within the anterior interventricular sulcus. 

18. The circumflex artery is a braneh of the left eoronary 
artery that curves to the left around the eoronary sulcus. 

The posterior interventricular artery is a braneh of the 
right eoronary artery. 



19. The anterior eardiae veins drain the anterior surface of 
the right ventriele and empty direetly into the right atrium. 
The great eardiae vein drains blood from regions supplied 
by the anterior interventricular artery. 

20. The posterior eardiae vein, small eardiae vein, and 
middle eardiae vein all drain blood from the posterior 
aspeet of the heart and empty into the eoronary sinus. 


19.6] 


Internal valves eontrol the dìreetìon of blood flow between 
the heart ehambers p. 694 


21. The right atrium communicates with the right ventriele, 
and the left atrium communicates with the left ventriele. 
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GHAPTER 19 REVIEVV • The Heart and Cardìovascular Functíon (contínued) 


22. The atria are separated by an ìnteratrial septum, and a 
much thieker ínterventrìcular septum separates the two 
ventrieles. 

23. Atrìoventrìcular (AV) valves permit the flow of blood 
in one direetion only: from atria to ventrieles.The right 
atrioventricular valve has three cusps, and is also known 
as the tricuspicl valve. The left atrioventricular valve has 

two cusps, and is also ealled the bicuspicl valve or mitral 
valve. 

24. The free edge of eaeh AV valve is attaehed to ehordae 
tendineae that originate at papillary muscles. 

25. Blood leaving the right ventriele passes through the 
pulmonary valve (semilunar) to enterthe pulmonary 
trunk. Blood leaving the left ventriele passes through the 
aortie valve (semilunar) and into the aseending aorta. 

26. The atria eolleet blood returning to the heart and eonvey it 
to their attaehed ventrieles. 

27. When the right ventriele eontraets, it squeezes blood 
against the left ventricular wall. 

28. When the left ventriele eontraets, the diameter of the 
ventricular ehamber deereases, and the distanee between 
the apex and base deereases. 



When the heart beats, the AV valves elose before the 
semìlunar valves open, and the semìlunar valves elose 
before the AV valves open p. 696 


29. When the ventrieles are relaxed, the ehordae tendineae are 
loose, and the AV valves allow blood flow from the atria 
into the ventrieles. 


30. When the ventrieles eontraet, the AV valves elose to 
prevent regurgitation into the atria. 

31. As the ventricular pressure rises above those in the 
pulmonary and systemie circuits, the aortie and pulmonary 
valves open and blood flows out of the ventrieles. 





intereonneeted 
bands of dense 
eonneetive tissue 
ealled the eardiae 
skeleton eneirele 
the heart valves 
and bases of the 
pulmonary trunk 
and aorta. 

The semilunar 
valves do not 
require muscular 
braees. 



A valve with 
valvular heart 
disease (VHD) 

eannot maintain 
adequate blood 
flow. This ean 
be caused by 

eongenital malformations or eardìtìs (inflammation of the 
heart) and require valve replaeement. 


19.8 


r 


Arterìoselerosìs ean lead to eoronary artery dìsease 


p. 698 


35. Arterioselerosis is a thiekening and toughening of the 
arterial walls, and ean cause eoronary artery disease and 
stroke. 


36. Atheroselerosis, deposits of plaque in the vessel wall, is 
the most eommon form of arterioselerosis. 



37. Goronary artery disease (CAD) is partial oreomplete 
bloekage of eoronary circulation, known as eoronary 
isehemia. Blood flow ean be bloeked by plaque, a 
thrombus (blood elot), and spasms in the vessel. 

38. Plaques ean be treated by balloon angioplasty, or by 
surgical insertion of a wire-mesh tube ealled a stent. 


^ SECTION2 * CardiacCycle 


19.9 


r 


The eardìae eyele ìs a eomplete round of systole and 
dìastole p. 701 


39. The period between the start of one heartbeat and the 
beginning of the next is a single eardiae eyele. 

40. All four ehambers do not eontraet at onee. Instead, the two 
atria eontraet and push the blood into the ventrieles, and 
then the two ventrieles eontraet and push the blood into 
the pulmonary and systemie circuits. 

41. The eardiae eyele ean be divided into two phases: systole 
(eontraetion) and diastole (relaxation). 


42. A representative heart rate is 75 beats per minute (bpm). A 
representative eardiae eyele lasts 800 msee. 


19.10 


W 


The eardìae eyele ereates pressure gradìents that maìntaìn 
blood flow p. 702 


43. When the eardiae eyele begins, all four ehambers are 
relaxed, and the ventrieles are partially fìlled with blood. 

44. During atrial systole, the atria eontraet and fill the 
ventrieles. Atrial diastole now begins and continues until 
the next eardiae eyele. 

45. Ventricular systole has two phases: isovolumetric 
eontraetion, when the ventrieles eontraet, the AV valves 
elose, but pressure is not great enough to open the 
semilunar valves; and ventricular ejeetion, when the 
pressure is great enough to open the semilunar valves and 
blood is ejeeted. 


46. Ventricular diastole—early is when the pressure drops 
and blood flows baek against the semilunar valve cusps 
to elose them. Blood flows into the relaxed atria, but AV 
valves are still elosed. 
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47. During ventrìcular dìastole—late, all ehambers are 
relaxed and filling.The ventrieles fill passively to 70 pereent 
of their final volume. 

48. Four heart sounds ean be heard with a stethoseope, and 
they are designated as Si to S 4 . Si is also known as"lubb" 
and is the sound of the AV valves elosing. S 2 is"dupp"and 
is the sound of the semilunar valves elosing.The two other 
sounds are assoeiated with blood flow, are faint, and are 
seldom audible in healthy adults. 


59. The normal resting heart rate range is 60-100 bpm. Age, 
health, and physieal eonditioning influence it. 

60. A slower-than-normal heart rate is ealled bradyeardla; a 
faster-than-normal heart rate is ealled taehyeardla. 

61. The eardlolnhlbltory eenter of the medulla oblongata 
eontrols the parasympathetie neurons that slow heart rate. 
The eardloaeeeleratory eenter eontrols the sympathetie 
neurons that inerease heart rate. 


19.11 j 


The heart rate ìs establìshed by the sìnoatrìal node and 
dìstrìbuted by the conductìng system p. 704 


49. Gardlae output (CO) is the amount of blood ejeeted by the 
left ventriele in one minute. 


50. eo depends on heart rate (HR), and stroke volume (SV), 
which is the amount of blood pumped from the ventriele 
in a single heartbeat. 



CARDIAC OUTPUT 


51. eo ean be calculated as HR x SV. HR: 75 bpm x SV: 80 mL/ 
beat = eO: 6000 mL/min 


19.14] 


Stroke volume depends on the relatìonshìp between end- 
dìastolìe volume and end-systolìe volume p. 710 


62. The amount of blood in a ventriele at the end of ventricular 
diastole is end-dlastolle volume (EDV). After ventricular 
systole, some blood will remain in the ventriele.This is 
ealled end-systolle volume (ESV). 

63. EDV is influenced by venous return and filllng tlme. The 
Frank-Starling law of the heart deseribes the relationship 
between EDV and stroke volume: The greater the EDV, 
the greater the stroke volume. ESV is influenced by 

eontraetlllty and afterload. 


19.15] 


eardìae output ìs regulated by adjustments ìn heart rate 
and stroke volume p. 712 


64. eardlae output (CO) varies widely to meet metabolie 
demands. Important faetors that affeet heart rate (HR) 
are sympathetie and parasympathetie stimulation, body 
temperature, and hormones. Important faetors that 
influence stroke volume (SV) are exercise, blood volume, 
blood flow, the autonomic nervous system, and hormones. 


52. The heart beats independently of neural or hormonal 
stimulation.This automatlclty is initiated and distributed 

by the conductlng system. 

53. Eaeh heartbeat begins with an aetion potential at the 
slnoatrlal (SA) node.The impulse continues along 

Internodal pathways, the atrloventrlcular (AV) node, the 
AV bundle, bundle branehes, and Purklnje fibers. 


19.12] 


eardìae muscle eell eontraetìons last longer than skeletal 
muscle fiber eontraetìons prìmarìly due to dìfferenees ìn 
membrane permeabìlìty p. 706 


54. Skeletal muscle fiber aetion potentials are brief, and end as 
the muscletwitch begins. 

55. Gardiae muscle fìber aetion potentials are prolonged 
because calcium ions enter the eell for an extended period. 
The result is a longer period of aetive eontraetion.There 

is also a long refraetory period, which prevents tetanie 
eontraetions. 


56. There are three stages of eardiae muscle eell aetion 
potential: rapld depolarlzatlon, plateau, and 
repolarlzatlon. 


19.13 

J 


The ìntrìnsìe heart rate ean be altered by autonomìc 
aetìvìty p. 708 


57. The eells of the SA and AV node eannot maintain a 
stable resting potential. After repolarization, a gradual, 
spontaneous depolarization ealled a prepotentlal or 
paeemaker potentlal begins. This is fastest at the SA 
node. 


58. Aeetyleholine released by the parasympathetie neurons 
will result in a slower heart rate. Norepinephrine released 
by sympathetie neurons will inerease heart rate. 


19.16 

J 


Normal and abnormal eardìae aetìvìty ean be deteeted ìn 
an eleetroeardìogram p. 714 


65. The eleetrieal events in the heart ean be reeorded in an 

eleetroeardlogram (ECG or EKG). 

66. The P wave represents atrial depolarization, the QRS 
complex represents ventricular depolarization, and the T 
wave represents ventricular repolarization. Repolarization 
of the atria is not visible because it is masked by the QRS 
complex. 



Preparing for an eleetroeardiogram 
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GHAPTER 19 REVIEVV • The Heart and Cardìovascular Functíon (contínued) 


67. An ECG ean be useful in deteeting and diagnosing many 

eardìae arrhythmías. 


SEGTION 3 • eoordìnatìon of Gardìae Output and Blood Flow 


19.17 

J 


Pressure, resìstanee, and venous return affeet eardìae 
output p. 717 


68. Gardìae output and the distribution of blood in the 
pulmonary and systemie circuits must eonstantly be 
adjusted to meet the demands of aetive tissues. 

69. The faetors of CO regulation are: arterìal blood pressure, 
perìpheral resístanee, eapìllary pressure, venous 
pressure, venous return, and neural and hormonal 
regulatìon. 


19.18 

J 


Under normal eondìtìons, vessel dìameter ìs the prìmary 
source of resìstanee wìthìn the cardìovascular system p. 718 


70. The heart must develop enough pressure to overeome 

total perìpheral resìstanee. 

71. Vascular resìstanee is the opposition to blood flow in 
vessels. The longer the vessel length, the greater the 
resistanee due to inereased frietion.The larger the vessel 
diameter, the less the resistanee due to deereased frietion. 


72. A small ehange in vessel diameter produces a large ehange 
in resistanee. 



77. As blood returns to the heart, the diameter of the veins 
inereases, blood pressure continues to drop, but blood 
veloeity aeeelerates. 

78. Arterial pressure rises during ventricular systole, and falls 
during ventricular diastole.The peak pressure measured 
is ealled systolìe pressure, and the minimum pressure 
measured is ealled díastolìe pressure. 

79. Pulse pressure is the differenee between systolie and 
diastolie pressures. Mean arterìal pressure (MAP) is 
calculated by adding one-third of pulse pressure to 
diastolie pressure. 



eapillary exchange involves 
fìltration, diffasion, and osmosis. 




Biood flow tarbalenee due to plaque 


73. Víseosíty is the resistanee to flow. More viscous blood, 
and turbulence due to plaque or other faetors, inerease 
peripheral resistanee. 


19.19 


W 


Blood flow ìs determìned by the ìnterplay between arterìal 
pressure and perìpheral resìstanee p. 720 


74. Blood flow is direetly proportional to blood pressure, and 
inversely proportional to perìpheral resístanee. 

75. Absolute pressure is less important than the pressure 
gradìent: the differenee in pressure from one end of the 
vessel to the other. 


76. As blood moves toward the eapillaries, the diameter 
of the arteries deereases, blood pressure drops, and the 
blood moves more slowly. 


80. eapìllary exchange involves a eombination of filtratìon, 
diffusion, and osmosis. Capíllary hydrostatíe pressure is 

the blood pressure within eapillary beds. 


19.20 


W 


eapìllary exchange ìs a dynamìe proeess that ìncludes 
dìffusìon, fìltratìon, and reabsorptìon p. 722 


81. Diffusion occurs most rapidly when the distanees are 
short, the eoneentration gradient is large, and the ions or 
molecules are small. 


82. In a eapillary, blood pressure deelines as blood flows from 
the arterial end to the venous end. Filtration predominates 
at the arterial end where eapìllary hydrostatíe pressure 
(CHP) is highest, and reabsorption predominates atthe 
venous end where blood eolloìd osmotìe pressure 
(BCOP) is highest. 

83. More water leaves the bloodstream during filtration 
than is retrieved through reabsorption.The differenee is 
approximately 3.6 L/day and is returned to the venous 
system by the lymphatie vessels. 


19.21 

J 


Cardìovascular regulatory meehanìsms respond to 
ehanges ìn blood pressure or blood ehemìstry p. 724 
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84. Homeostatie meehanisms regulate cardiovascular aetivity 
to ensure that tìssue perfusìon (blood flow through 
tissues) meets the demands for oxygen and nutrients. 

85. The two regulatory pathways are autoregulation and 
eentral regulation. 

86. Autoregulatìon involves ehanges in eapillary blood flow 
in response to ehemieal ehanges in the interstitial fluid. 
Loeal vasodìlators aeeelerate blood flow. 

87. Gentral regulatíon involves neural (eardìoaeeeleratory 
eenter) and endoerine meehanisms (norepinephrine). 

88. Baroreeeptor ref1exes respond to ehanges in blood 
pressure to maintain blood pressure within a normal 
range. 


19.22 J 


Endoerìne responses to low blood pressure and low 
blood volnme are very dífferent from those to hìgh blood 
pressure and hìgh blood volume p. 726 


89. When blood pressure and blood volume deerease, 
epinephrine and norepinephrine stimulate eardiae 
output and vasoeonstrietion. Other hormones in long- 
term response include ADH, angiotensin II, EPO, and 
aldosterone. 



90. inereased blood volume abnormally stretehes the 
heart walls causing eardiae muscle eells to release the 

natrìuretíc peptìdes: atrìal natrìuretìc peptìde and 
brain natrìuretíc peptide.These hormones reduce blood 
volume and blood pressure. 


19.23 

J 


ehemoreeeptors monìtor the ehemíeal eomposìtìon of the 
blood and eerebrosplnal fluld p. 728 


91. ehemoreeeptor ref1exes stimulated by ehemoreeeptors 
in the earotid bodies, aortie bodies, and medulla 
oblongata respond to ehanges in earbon dioxide, oxygen, 
or pH in blood and CSF. 

92. ehemoreeeptor reflexes trigger adjustments in 
cardiovascular and respiratory aetivity. 


19.24 


w 


The cardiovascular eenter makes extensìve adjustments to 
eardiae output and blood distribution during exercise p. 729 


93. Gardiae output at rest averages around 5.8 L/min. At light 
exercise it inereases to 9500 L/min, and ean inerease to 

17,500 L/min during heavy exercise. 

94. Trained athletes have bigger hearts, larger stroke volumes, 
and lower resting heart rates than nonathletes.The eardiae 
output of an athlete in peak eondition ean be 50 pereent 
higher than that of a nonathlete. 


19.25 

J 


Short-term and long-term meehanisms eompensate for a 
reduction in blood volume p. 730 


95. When homeostasis fails to prevent signifieant blood loss, 
the entire cardiovascular system makes adjustments to 
maintain blood pressure and restore blood volume. 

96. Shoek is an acute cardiovascular erisis marked by low 
blood pressure (hypotensìon) and inadequate peripheral 
blood flow. It develops when normal eompensation 
meehanisms fail to maintain adequate eardiae output and 
peripheral blood flow. 

97. Cìrculatory shoek begins with progressìve shoek (blood 
loss exceeding 35 pereent) and ean lead to the fatal stage 

of ìrreversíble shoek and cìrculatory eollapse. 


ehapter Revíew Questíons 


True/False 

indieate whether eaeh statement is true or false. 




The Si or"lubb"sound of the heart is produced by the AV 
valves elosing. 

TheT wave of an eleetroeardiogram represents 
repolarization of the atria. 



The circumflex artery supplies blood to the surface of the 
right ventriele. 




lsovolumetric eontraetion is the fìrst phase of ventricular 
systole, when pressures elose the AV valves, but are not 
high enough to open the semilunar valves. 

Taehyeardia is a faster-than-normal heart rate, usually 
above 100 bpm. 
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GHAPTER 19 REVIEVV • The Heart and Cardìovascular Functíon (contínued) 


IVIultìple ehoke 


Seleet the eorreet ansvver from the list provided. 



Gardiae output (CO) is calculated by vvhieh of the follovving 
formulas? 


□ a)CO = HR X ESV 

□ b)CO = HRX EDV 

□ c)CO = HRXSV 

□ d)CO = HR X MAP 



During diastole, a ehamber of the heart 
Q a) relaxes and fills vvith blood. 

Q b) eontraets and pushes blood into the adjaeent ehamber. 
Q e) experiences a sharp inerease in pressure. 

Q d) reaehes a pressure of approximately 120 mm Hg. 



VVhieh of the follovving is longer? 

Q a) the refraetory period of a skeletal muscle fìber 
Q b) the refraetory period of a eardiae muscle eell 
Q e) the aetion potential of a skeletal muscle fiber 
Q d) the eontraetion time of a skeletal muscle fiber 



If the papillary muscles fail to eontraet 

Q a) the AV valves vvill not open. 

Q b) the semilunar valves vvill not open. 

Q e) the AV valves vvill not elose properly. 

Q d) the semilunar valves vvill not elose properly. 



The right atrium does not reeeive blood from the 
Q a) inferior vena eava. 

Q b) superior vena eava. 

Q e) eoronary sinus. 

Q d) circumflex artery. 



VVhieh of the follovving is a fibrous remnant of a fetal eonneetion 
betvveen the aorta and pulmonary trunk? 

Q a) fossa ovalis 
Q b) ligamentum arteriosum 
Q e) ehordae tendineae 
Q d) trabeculae earneae 



The Frank-Starling lavv of the heart states that 
Q a) the greater the EDV, the greater the stroke volume. 
Q b) the greater the ESV, the greater the stroke volume. 
Q e) the greater the EDV, the lesser the stroke volume. 
Q d) the lesser the ESV, the lesser the stroke volume. 



VVhieh of the follovving homeostatie disturbances vvill cause a 
ehemoreeeptor reflex response? 

Q a) inereased pH in blood 

Q b) inereased eo^ in blood 

Q e) inereased in blood 

Q d) inereased O^ in CSF 



VVhieh of the follovving organs reeeives an unchanging flovv of 
blood as exercise intensity inereases? 

Q a) brain 

Q b) kidney 

Q e) skin 

Q d) skeletal muscles 



Abnormal streteh of the right atrium due to excessive blood 
volume triggers eardiae muscle eells to release 

Q a) brain natriuretic peptide (BNP). 

Q b) erythropoietin (EPO). 

Q e) angiotensin-eonverting enzyme (ACE). 

Q d) atrial natriuretic peptide (ANP). 


Short answer 



VVhat role do the ehordae tendineae and papillary muscles play in 
the normal function of the AV valves? 



VVhat effeets do sympathetie and parasympathetie stimulation 
have on the heart? 



Traee the normal pathvvay of an eleetrieal impulse through the 
conducting system of the heart. 



Deseribe the three distinet layers that make up the heart vvall. 



VVhat are the sources and signifieanee of the four heart sounds? 


MasteringA&P® 

Aeeess more ehapter study tools online in the MasteringA&P Study Area: 

■ ehapter Quízzes, Ghapter PraetieeTest, Art-labeling Aetivities, 
Anímations, MP3 Tutor Sessions, and eiínieal Case Studíes 


\ 


■ Praetiee Anatomy Lab 

PAi: 

■ interaetive Physiology 

ip. 

■ A&P Flíx 

AáPFm 

■ PhysioEx 

PhysioEx 
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ehapter Integratìon • Applyíng what you have learned 


An abnormal elíek ín a 12-year-old's heart 

Brian is a 12-year-old boy about to enter the sixth grade. 
While his pediatrieian is listening to his heart during a 
rontine physieal examination, she hears an abnormal eliek 
during ventrienlar systole. The doetor informs Brian s 
mother that she ean hear a murmur, or irregular sound, 
during the beating of his heart, and that the boy most likely 
has a mitral valve prolapse. She explains that his mitral valve 
is not fnnetioning perfeetly, and that when it eloses, it bulges, 
or prolapses, into the ehamber it is attempting to prevent 
blood from entering. The good news is that she eannot hear 
any regnrgitation. 

Brians mother beeame notieeably upset at the thought 
of her son having a heart eondition. The doetor ealmly 
explained that his eondition is relatively eommon, is not life- 
threatening, and often causes no symptoms. She will order 
an eehoeardiogram (an ultrasound of the heart) so she ean 
examine his mitral valve and determine the extent of his 
eondition, but that she expects his eondition to be relatively 
minor. 



The doetor heard the murmur duríng ventrìcular systole. 
Is the mitral valve elosed or open at that time? 



Into which ehamber is the valve prolapsing, and why do you 
thinkthere is no regurgitation? 



Can you prediet what the eehoeardiogram would show to 
explaín Brían's heart murmur? 










LEARNING OUTCOMES 


These Learning 
Onteomes 
eorrespond 
bynnmberto 
this ehapter's 
modnles and 
indieate what 
you should be 
able to do after 
eompleting 
the ehapter. 

V J 


SEGTION 1 • AnatomyoftheLymphatìeSystem 



20.4 


r 



Identify the various eomponents of the lymphatie system. 

Deseribe the structure and function of important lymphatie vessels. 

Deseribe the lymph-eolleeting vessels, identify the structures returning lymph to the 
venous system, and explain lymphedema. 

Identify the elasses of lymphoeytes, discuss their importanee, and deseribe their 
distribution in the body. 

Deseribe lymphoid tissues, and traee lymph flowthrough a lymph node. 

Deseribe the structure and function of the thymus. 

Deseribe the structure and function of the spleen, and traee blood flow through it. 


SECTION2 • Innate lmmunìty 



Give an overview of the eomponents of innate (nonspeeifie) immunity. 

Explain how physieal barriers and phagoeytes play a role in innate immunity. 

Deseribe immune surveillance, and explain the role of NK eells. 

Deseribe the types of interferons, and explain the pathways of eomplement aetivation. 
Explain the signifieanee of inflammation and fever as innate defense meehanisms. 


(S) 

Learning Onteomes 
arerepeated atthe 
bottomofeaeh 
module. 
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SEGTION 3 • Adaptíve lmmuníty 


20.13 

20.14 

20.15 

20.16 

20.17 


20.18 

20.19 

20.20 

20.21 


Deseribe the types of adaptive immunity and four 
properties of adaptive immunity. 

Explain how antigens trigger an immune response. 

Explain the events of antigen reeognition and the 
roles of CD markers in T eell differentiation. 

Explain the sensitization and aetivation of B eells 
and the role of plasma eells. 

Deseribe the structure of an antibody, discuss the 
types of antibodies, and explain the primary and 
seeondary responses to antigen exposure. 

Explain the meehanisms by which antibodies 
destroy target antigens. 

Q CLINICALMODULE Explain allergies, anaphylaxis, 
and the role of antibodies in eaeh. 

Summarize the integration of innate and adaptive 
immunity. 

Q CLINICALI\/IODULE Explain autoimmune 
disorders, graft rejeetion, and immunodeficiency 
diseases, and deseribe age-related ehanges in the 
immune response. 




























Module 20.1 


SECTION 1 • Anatomy of the Lymphatk System 



The lymphatk system eonsìsts of lymphatìe 
vessels, nodes, and lymphoíd tíssue 

The lymphatie system includes the eells, tissues, and organs responsible 
for providing immunity (the ability to defend the body against infeetion, 
illness, and disease) and retnrning interstitial fluid to the bloodstream. 



Lymphoeytes, the primary eells of the lymphatie system, were introduced in 
earlier ehapters. These eells respond to the presenee of invading pathogens 
(such as baeteria or virnses), abnormal body eells (such as virus-infected eells 
or eaneer eells), and foreign proteins (such as the toxins released by some 
baeteria). Within the lymphatie system, lymphoeytes are surrounded by 
lymph, interstitial fluid that has entered a lymphatie vessel. 


2 


The lymphatie system 
inelndes a network of 



lymphatie vessels, often 
ealled lymphaties, which 
begin in peripheral tissnes and 
end at eonneetions to veins, as 
noted in Module 4.11. The 
lymphatie system also inelndes 
an array of lymphoid tissnes 
and lymphoid organs seattered 
throughout the body. Primary 
lymphoid tissues and organs 
are sites where lymphoeytes 
are formed and mature. They 
inelnde red bone marrow and 
the thymus gland. Reeall that 
red bone marrow is also where 
other defense eells, the 
monoeytes and maerophages, 
are formed. Seeondary 
lymphoid tissnes and organs 
are where lymphoeytes are 
aetivated and eloned 
(prodnetion of identieal 
eellnlar eopies). These 
structures inelnde lymph 
nodes, tonsils, MALT, 
appendix, and the spleen. 


Gervieal lymph nodes 

Thoraeie duct 

Right lymphatie duct 
Axillary lymph nodes 


Lymphaties of mammary gland 


eisterna ehyli 
Lymphaties of upper limb 


Lumbar lymph nodes 


Pelvie lymph nodes 


lnguinal lymph nodes 
Lymphaties of lower limb 




Lymph 


% * • 





j' 




Lymphoeyte 


Appendix 


This seetion eonsiders the organization and fnnetional 
anatomy of the lymphatie system. 


(S) 20.1 Identify the various eomponents of the lymphatie system. 




Lymphoìd Tìssues 
and Organs 

Tonsil 

Thymus 

Spleen 

IVlucosa-associated 
lymphoid tissue 
(MALT) in digestive, 
respiratory, urinary, 
and reproductive traets 


Red bone marrow 


Module20.1 Revìew 


a. What arethefunctionsof 
the lymphatie system? 

b. What isthe differenee 
between a lymphoeyte and 
lymph? 

Distinguish between 
primary and seeondary 
lymphoid tissues and 
organs. 
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IVIodule 20.2 



Interstìtial fluìd flovvs continuously into 
lymphatie eapillaries and exits tissues 
as lymph in lymphatie vessels 

Lymphatie vessels earry lymph from peripheral tissues to the 
venous system. The lymphatie network begins with lymphatie 
eapillaries, which braneh throngh peripheral tissnes. 



Lymphatie eapillaries are 
present in almost every tissue 
and organ in the body. As shown here, 
they are elosely assoeiated with blood 
eapillary networks within tissnes. 
Interstitial fluid is continuously 
flowing into lymphatie eapillaries, 
where it is ealled lymph. 


Arteriole 
Smooth muscle 
Endothelial eells 


Lymphatie eapillary 


Blood eapillaries 


Loose eonneetive 

tissue 



2 


Lymphatie eapillaries 
differ from blood 


eapillaries in that they 
(1) originate as poekets rather 
than forming continuous 
tubes, (2) have larger diam- 
eters, (3) have thinner walls, 
and (4) typieally have a 
flattened or irregnlar ontline 
in seetional view. 



Lymphoeyte 


Loose 

eonneetive 

Ès.tissae , 


To larger 
lymphaties 


Interstitial 

_fluid'S^ 


'f Loose 
eonneetive 
tissué 


Lymphatie 
eapillary , 


t 


Although lymphatie eapillaries 
are lined by endothelial eells, 
the basement membrane is 
ineomplete or absent. 


The endothelial eells of a 
lymphatie eapillary overlap. 
The region of overlap aets as 
a one-way valve, permitting 
the entry of fluids and solutes 
(including proteins), as well 
as viruses, baeteria, and eell 
debris, but preventing their 
return to the intercellular 
spaees. 


Seetional view 


742 • Chapter20:TheLymphaticSystemandlmmunity 

































Artery 


3 


From the lymphatie eapillaries, lymph flows into 


larger lymphatie vessels that lead toward the 
body s trunk. These lymphatie vessels eommonly occur 


in assoeiation with blood vessels. 


Vein 


Artery 


Lymphatie vessel 


Lymphatie valve 




Vein 


Lymphatie 

vessel 


To larger lymphatie vessels 


that deliver lymph to the venous system 


From lymphatie 
eapillaries 


4 


Like veins, the larger lymphatie 
vessels eontain valves. The valves 


are quite elose together, and at eaeh 
valve the lymphatie vessel bulges 
notieeably. As a result, large lymphatie 
vessels resemble a string of beads. 
Pressnres within the lymphatie vessels 
are very low, and the valves are 
required to prevent the backflow of 
lymph and to maintain normal lymph 
flow toward the thoraeie eavity. 
Gontraetions of surrounding skeletal 
mnseles aid the flow of lymph. 



Valve in lymphatie vessel 


LM X 65 


Lymphatie valve 


Lymphatie vessel 


Prominent lymphatie eapillaries in the small intestine ealled 
laeteals are important in the transport of lipids absorbed by 
the digestive traet. Lymphatie eapillaries are absent from 
areas that laek a blood supply, such as the eornea of the eye. 
The bone marrow and the eentral nervous system also laek 
lymphatie vessels. 


Modale 20.2 Revíew 


a. What is the function oflymphatie vessels? 

b. What is the function ofoverlapping 
endothelial eells in lymphatie eapillaries? 

e. What structure prevents the backflow of 
lymph in some lymphatie vessels? 


(S) 20.2 Deseribe the structure and function of important lymphatie vessels. 
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IVIodule 20.3 


Small lymphatie vessels eonverge to form lymphatíe 
ducts that empty ínto the subclavìan veìns 



The lymph from lymphatie eapillaries flows into 
either snperfieial or deep lymphatie vessels. 


Lymphatie Vessels 



Superfìcìal Lymphatìes 


Deep Lymphatìes 

Superfìcìal lymphatíes are loeated in the subcutane- 
ous layer deep to the skin; in the areolar tissues of the 
mucous membranes lining the digestive, respiratory, 
urinary, and reproductive traets; and in the areolar 
tissues of the serous membranes lining the pleural, 
perieardial, and peritoneal eavities. 


Deep lymphatìes aeeompany deep 
arteries and veins supplying skeletal 
muscles and other organs of the neek, 
limbs, and trunk, and the walls of 
viseeral organs. 



Superficial inguinal 
lymph nodes and 
lymphatie vessels 



Deep inguinal 
lymph nodes and 
lymphatie vessels 


2 


Snperfieial and deep lymphaties eonverge to 
form larger vessels ealled lymphatie trunks, 


which in turn empty into two large eolleeting vessels: 
the thoraeie duct and the right lymphatie duct. 

The thoraeie duct eolleets lymph from the body 
inferior to the diaphragm and from the left side of 
the body snperior to the diaphragm. The smaller 
right lymphatie duct eolleets lymph from the right 
side of the body superior to the diaphragm. 


Drainage of right 
lymphatie duct 



Drainage of 
thoraeie duct 
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■V This illustration shows the relationship between the lymphatie ducts 

and the venous system. The thoraeie duct empties into the left subcla- 
vian vein. The right lymphatie duct empties into the right snbelavian vein. 



Right Lymphatie Duct 


Right internal Braehioeephalie 
jugularvein veins 


Left internal 
jugular vein 


Thoraeie Duct 


The right lymphatie duct is formed by 
the merging of the right jugular trunk, 
rìght subclavían trunk, and rìght 
bronehomedìastinal trunk. It then 
empties into the right subclavian vein. 


Right jugular trunk 

Right subclavian trunk 

Right lymphatie duct entering 

right subclavian vein 

Right bronehomediastinal trunk 


Superior vena eava (cut) 


Left jugular trunk 

Left subclavian trunk 

Thoraeie duct entering 
left subclavian vein 

Left bronehomediastinal trunk 


Rib (cut) 


Azygos vein 


Intestinal trunk 






The thoraeie duct aseends along the 
left side of the vertebral column, 
eolleeting lymph from the left 
bronehomedíastinal trunk, the left 
subclavìan trunk, and the left 
Jugular trunk. It empties into the left 
subclavian vein. 


Thoraeie duct 


Thoraeie 
lymph nodes 


Parietal 
pleura (cut) 

Diaphragm 


Inferior vena eava (cut) 


Right lumbar trunk 
Left lumbar trunk 


Bloekage of the lymphatie drainage 


prodnees lymphedema (limf-e-D£-muh), 
a eondition in which interstitial fluids accumu- 
late and the affeeted area gradnally beeomes 
swollen and grossly distended. Lymphedema 
most often affeets a limb, as in this photo, 
althongh it ean occur in other loeations. If the 
eondition persists, the eonneetive tissnes lose 
their elastieity and the swelling beeomes 
permanent. Beeanse the interstitial fluids are 
basieally stagnant, toxins and pathogens ean 
accumulate and overwhelm loeal defenses 
without fully aetivating the immune system. 
The immune system is the body's defense 
against foreign snbstanees. 


The eìsterna ehyli (Kì-lí) is an 
expanded, saelike ehamber at the 
base of the thoraeie duct.The eisterna 
ehyli reeeives lymph from the inferior 
part of the abdomen, the pelvis, and 
the lower limbs by way of the right 
and left lumbar trunks and the 
ìntestìnal trunk. 


er 


Modyle 20.3 Revíew 


a. Name the two large lymphatie vessels 
into which the lymphatie trunks empty 

b. Deseribethedrainageofthe right 
lymphatie duct and the thoraeie duct. 

e. Explain lymphedema. 


20.3 Deseribe the lymph-eolleeting vessels, identify the structures 
returning lymph to the venous system, and explain lymphedema. 
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IVIodule20.4 
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Lymphoeytes are responsíble for the 
ìmmune functìons of the lymphatíe system 

Lymphoeytes make up 20-40 pereent of the circulating lenkoeyte popula- 
tion. However, eirenlating lymphoeytes are only a small fraetion of the total 
lymphoeyte popnlation. The body eontains some 10^^ lymphoeytes, with a 
eombined weight of more than one kilogram (2.2 Ib). 



Three elasses of lymphoeytes circulate in blood. While eaeh elass has distinetive 
bioehemieal and fnnetional eharaeteristies, all are sensitive to speeifie ehemieals 
ealled antígens that ean stimnlate the immune system. Most antigens are pathogens, 
parts or prodnets of pathogens, or other foreign eomponnds. Most antigens are 
proteins, but some lipids, polysaeeharides, and nneleie aeids ean also stimnlate an 
immune response that leads to the destrnetion of the target eomponnd or organism. 



TGells 


Approxinnately 80 pereent of circulating lymphoeytes are 
elassified as T eells.There are many different types of T eells, 
but we will focus on three major eategories. 



Cytotoxìc T Cells 


HelperT Cells 


SuppressorT Cells 


CytotoxícT eells 

attaekforeign eells or 
body eells infeeted by 
viruses.Their attaek 
eommonly involves 
direet eontaet.These 
lymphoeytes are the 
primary eells involved 
in the production 
of eell-medìated 
ìmmuníty (cellular 
immunity). 



HelperT eells 

stimulate the 
aetivation and 
function of both T 
eells and B eells.The 
interplay between 
helper T eells and 
suppressor T eells 
helps establish 
and eontrol the 
sensitivity of the 
immune response. 
For this reason, 
these eells are also 
known as regulatory 
T eells. 



SuppressorT eells 

inhibit the 
aetivation and 
function of both 
T eells and B eells. 
The interplay 
between suppres- 
sor T and helper 
T eells helps 
establish and 
eontrol the 
sensitivity of the 
immune response. 



B eells 

B eells account for 10-15 
pereent of circulating 
lymphoeytes. 



Plasma Cells 

When stimulated, B eells ean 
differentiate into plasma eells, 
which produce and seerete 
antibodies. B eells are said to 
be responsible for antìbody- 
medìated ímmuníty (humoral 
immunity) because antibodies 
circulate widely in body fluids 
and attaektargets throughout 
the body. 



NKCells 

Natural kìller (NK) 
eells make up 5-10 
pereent of circulating 
lymphoeytes. These 
lymphoeytes attaek 
foreign eells, body 
eells infeeted with 
viruses, and eaneer 
eellsthatappear in 
normal tissues.Their 
continuous monitor- 
ing of peripheral 
tissues is ealled 
ímmune surveíllance. 
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In adnlts, erythropoiesis (red blood eell formation) 
is normally eonfined to red bone marrow, but 


lymphoeyte production, or lymphopoiesis (lim-fó-poy-E'SÌs), 
involves the red bone marrow, thymus, and peripheral 
lymphoid tissnes. Red bone marrow plays the primary role 
in the maintenanee of normal lymphoeyte popnlations. 




These stem eells and their deseendants 
are isolated from the general circulation 
by the blood-thyimus barrìer, eompa- 
rable to the blood-brain barrier. Llnder 
the influence of thymie hormones, the 
lymphoid stem eells divide repeatedly, 
producing the various kinds of T eells. 
These T eells undergo a seleetion proeess 
to ensure they will not reaet to 
the body's own healthy eells 
and cellular products. During 
this proeess up to 98 pereent 
ofdeveloping T eellsare 
de-seleeted and undergo apoptosis. 







The divisions of hematopoietie stem eells 
in the red bone marrow of adults generate 

the lymphoìd stem eells that produce all 
types of lymphoeytes. 



rr 




V 


Production and 
differentiation 
of surviving 
T eells 


n 


When their maturation 
is nearing eompletion, 
T eells re-enter the 
bloodstream and travel 
to peripheral lymphoid 
tissues and organs. 


The T eells and B eells that migrate from 
their sites of origin retain the ability to 
divide. Their divisions produce daughter 
eells of the same type. For example, a 
dividing B eell prodnees other B eells, 
but not T eells or NK eells. The ability 
of speeifie types of lymphoeytes to 
inerease in number is crucial to the 
success of the immune response. 



One group of 
lymphoid stem 
eells migrates to 
the thymus. 




A seeond group of lymphoid 
stem eells remains in the bone 
marrow and divides to produce 
immature B eells and NK eells. 

imz 




V 


B eells 


NK eells 




As they mature, B eells 
and NK eells enter the 
bloodstream and migrate 
to peripheral tissues. 


Peripheral Tissues 





Cell-imedìated 

ìimimunity 


Antìbody-medíated 

ìmmunìty 


l\/lature T eells are 
responsiblefor 
eell-mediated 
immunity. 


Most of the B eells 
move into lymph 
nodes, the spleen, or 
other lymphoid 
tissues. 


Immune 

surveíllance 


The NKeells 
migrate throughout 
the body, moving 
through peripheral 
tissues in seareh of 
abnormal eells. 


Modyle 20.4 Revíew 


a. Identifythe three main elasses of lymphoeytes. 

b. Which eells are responsible for antibody- 
mediated immunity? 

e. What tissues are involved in lymphopoiesis? 


20.4 Identify the elasses of lymphoeytes, discuss their 
importanee, and deseribe their distribution in the body. 
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IVIodule20.5 
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Lymphoeytes aggregate vvìthìn 
lymphoid tíssues and lymphoíd organs 

Lymphoid tissaes are eonneetive tissnes dominated by lymphoeytes. In a 
lymphoid nodule the lymphoeytes are densely paeked in an area of areolar 
tissne. The bonndaries are not distinet, beeanse althongh nodnles may elnster 
together and form larger masses, no fibrons eapsnle surrounds the lymphoid 
tissue. In eontrast, lymphoid organs (lymph nodes, the thymus, and the spleen) 
are separated from surrounding tissnes by a fibrons eonneetive tissue capsule. 



Clusters of lymphoid nodules deep to 
the epithelial lining of the intestine are 
known as aggregated lymphoid nodnles, or 
Peyer s patehes. Eaeh nodule 
often has a eentral zone ealled 
a germinal eenter, which 
eontains dividing lympho- 
eytes. The lymphoid tissues 
that proteet epithelia of the 
digestive, respiratory, urinary, 
and reproductive traets from 
pathogens and toxins form 
the mneosa-assoeiated 
lymphoid tissue (MALT). 


l\/lucous 
membrane 
of intestinal wall 


Germinal eenter 


Aggregated 
lymphoid nodule 
in intestinal mucosa 


Llnderlying 
eonneetive tissue 


Intestinal lumen 




Aggregated lymphoid nodules LM X 20 
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The tonsils are large lymphoid nodules in the walls 


of the pharynx. A single pharyngeal tonsil, often 
ealled the adenoid, lies in the posterior superior wall of the 
nasopharynx. Left and right palatine tonsils are loeated at 
the posterior, inferior margin of the oral eavity, along the 
boundary of the pharynx. A pair of lingnal tonsils lie 
deep to the mucous epithelium eovering the base 
(pharyngeal portion) of the tongue. Because of their 
loeation, the lingual tonsils are not usually 
visible unless they beeome infeeted and 
swollen. Tonsillitis is an inflammation 
of the tonsils (espeeially the palatines) 
although the other tonsils may also 
be affeeted. Tonsils reaeh their 
largest size by puberty and then 
begin to atrophy. 


Germinal eenters within nodules 


Pharyngeal epithelium 




Pharyngeal tonsil 


jj [ m 


'ir/rrm 



Pharyngeal tonsil 

Hard palate 
Palatine tonsil 
Lingual tonsil 


LM X 40 
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Lymph nodes are small lymphoid organs ranging in diameter 
from 1 mm to 25 mm (abont 1 in.). The shape of a typieal 


lymph node resembles that of a kidney bean. The largest lymph 
nodes are loeated where the peripheral lymphaties from the neek and 
the limbs eonneet with the trnnk, such as in the groin, the axillae, 
and the base of the neek. These nodes, often ealled lymph glands, 
deteet pathogens before they reaeh the vital organs of the trunk. 

A lymph node fnnetions like a kitehen water filter, pnrifying lymph 
before it reaehes the venous circulation. As lymph flows throngh a 
lymph node, at least 99 pereent of the antigens in the lymph are 
removed, and immune responses are stimnlated as needed. 


Lymph node 


Lymph vessel 


Path of Lymph Flow through a Lymph Node 


Efferent {efferens, to bring out) lymphatìes leave 
the lymph node at the hilum.These vessels eolleet 
lymph from the medullary sinus and earry it 
toward the venous circulation. 


Lymph continues into the medullary sínus at the 
eore of the lymph node.This region eontains B eells 
and plasma eells. 


Lymph then flows through lymph sinuses in the 
deep cortex, which is dominated by T eells. 


Lymph next flows into the outer cortex, which 
eontains B eells within germinal eenters that 
resemble those of lymphoid nodules. 


The afferent vessels deliver lymph to the subcapsu- 
lar spaee, a meshwork of reticular fibers, maero- 
phages, and dendritie eells. Dendrìtìe eells are 
involved in the initiation of the immune response. 
Some of these eells migrate to a lymph node 
bearing antigens from peripheral tissues, such as 
the skin. 


Start 


Afferent {afferens, to bring to) lymphatíes earry 
lymph to the lymph node from peripheral tissues. 
The afferent lymphaties penetrate the capsule of 
the lymph node on the side opposite the hilum. 


Lymph nodes 


Lymph node artery and vein 


Blood vessels and nerves 


enter and leave the lymph 


node at the hilum, a shallow 


indentation. 


Germinal 

eenter 


Trabeculae {trabeeala, a beam) 
are fibrous partitions extend- 
ing inward from the capsule. 


The digestive, respiratory, urinary, and reproductive traets communicate 
with the exterior environment, which eontains dangerons pathogens and 
toxins. MALT, which defends the exposed epithelia, eontains much of the 
lymphoid tissue in the body. A variety of elinieal disorders ean result from 


infeetion and/or inflammation of MALT eomponents. Tonsillitis (see 
is one familiar example; another is appendíeitis (inflammation of the 
lymphoid tissnes of the appendix). 



) 


Module 20.5 Revìew 


a. Name the lymphoid tissue that proteets 
epithelia lining the digestive, respiratory, 
urinary, and reproductive traets. 

b. Define tonsil, and name the five tonsils. 

e. Traee the path of lymph through a lymph 
node, beginning at the afferent lymphaties. 


(S) 20.5 Deseribe lymphoid tissues, and traee lymph flow through a lymph node. 
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The thymus ìs a lymphoìd organ 
that produces functíonal T eells 

The thymus produces several hormones that are important to the development 
of fnnetional T eells, and thus to the maintenanee of normal immnnologieal 
defenses. Thymosin (THl-mó-sin) is the name originally given to an extract from 
the thymus that promotes the development and matnration of lymphoeytes. This 
extract aetnally eontains several eomplementary hormones eolleetively known 
as thymosins. Just before puberty, the thymus weighs about 40 g (1.4 oz). After 
puberty, it gradually diminishes in size and beeomes inereasingly fibrons, a proeess 
ealled involntion. By the time a person reaehes age 50, the thymus may weigh less 
than 12 g (0.3 oz). The gradnal deerease in the size and seeretory abilities of the 
thymus that occurs with age is eorrelated with an inereased snseeptibility to disease. 


In adults, the thymus is a pink, grainy 
organ loeated in the mediastinnm, 
generally just posterior to the sternnm. 




Thyroid gland 
Traehea 


Thynnus 


Heart 


Diaphragnn 


2 


The eapsnle that eovers the thymus 


divides it into left and right lobes. 
Fibrons partitions ealled septa (singnlar, 
septum) originate at the eapsnle and 
divide the lobes into lobules averaging 
2 mm in diameter. 



Septa 


Lobule 


Left lobe 
Right lobe 
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Medylla 


Septa 


Cortex 
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Eaeh lobule eonsists of a dark 
outer cortex and a lighter eentral 


medulla. Lymphoeytes divide and 
differentiate under eontrolled eonditions 
in the cortex. Lymphoeytes in the cortex 
are arranged in elnsters that are 
eompletely surrounded by thymie 
epithelial eells (TECs). Thymie epithe- 
lial eells regnlate T eell development and 
fnnetion. Epithelial eells also eneirele the 
blood vessels of the cortex. These eells 
maintain the blood-thymus barrier. 


4 


After ronghly 3 weeks, developing T eells 
leave the cortex and enter the mednlla. 


Beeanse there is no blood-thymus barrier in 
the mednlla, developing T eells may enter a 
mednllary blood vessel. Instead of ensheathing 
blood vessels as they do in the cortex, the 
thymie epithelial eells in the mednlla elnster 
together in eoneentrie layers, forming distine- 
tive structures known as thymie corpuscles. 
Within the mednlla, developing T eells may 
also enter a lymphatie vessel and leave the 
thymus through an efferent lymphatie. 




Lymphoeytes 


Thymie 

corpuscle 


Thymie epithelial 
eells 


Thymiccorpuscle 


LM X 532 


Modyle 20.6 Revíew 


a. VVhere is the thymus loeated? 

b. Deseribethegrossanatomyofthe 
thymus. 

e. VVhieh eells constitute and maintain 
the blood-thymus barrier? 


(S> 20.6 Deseribe the structure and function of the thymus. 
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The spleen, the largest lymphoíd organ, 
responds to antígens ín the bloodstream 

The adult spleen eontains the largest eolleetion of lymphoid tissue 
in the body. In essenee, the spleen performs the same fnnetions for 
blood that lymph nodes perform for lymph. Fnnetions of the spleen 
ean be snmmarized as (1) removing abnormal blood eells and other 
blood eomponents by phagoeytosis, (2) storing iron reeyeled from 
red blood eells, and (3) initiating immune responses by B eells and 
T eells in response to antigens in eirenlating blood. 



The spleen lies along the enrving lateral border of the 
stomaeh, extending between the 9th and llth ribs on the 
left side. It is attaehed to the lateral border of the stomaeh by 
the gastrosplenie ligament, a broad band of mesentery. 



Spleen 


Diaphragm 


Stomaeh 


Rib 


Panereas 

Inferior 
vena eava 

Aorta 


Kidneys 



Gastrosplenie ligament 


Gastrie area 


The dìaphragmatìe surface of the 

spleen is smooth and convex, 
eonforming to the shape of the 
diaphragm and body wall. 


Hilum 


Renal area 


2 


The spleen tears so easily that a 
seemingly minor impaet to the left 


side of the abdomen ean rupture the eapsnle. 
Beeanse the spleen is relatively fragile, it is 
very diffienlt to repair snrgieally, so a severely 
ruptured spleen is removed, a proeess ealled 
a spleneetomy (splè-NEK-tò-mè). A person 
ean snrvive without a spleen but lives with 
an inereased risk of baeterial infeetion 
(partienlarly involving pnenmoeoeeal 
baeteria). 
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The spleen is about 12 cm (5 in.) long and 
weighs, on average, nearly 160 g (5.6 oz). 


In gross disseetion, the spleen is deep red 
because of the blood it eontains. The spleen has 
a soft texture, so its shape primarily refleets its 
assoeiation with the structures around it. The 
medial, viseeral surface eontains indentations 
that eonform to the shape of the stomaeh (the 
gastrie area) and that of the kidney (the 
renal area). 


Superior 


4 


The spleen is surrounded 


by a eapsnle eontaining 
eollagen and elastie fibers. The 
eellnlar eomponents within 
make up the pulp of the 
spleen. Red pulp eontains 
large quantities of red blood 
eells, whereas white pulp 
resembles lymphoid nodnles 
and eontains lymphoeytes. 


Hilum 



Inferior 


Landmarks on the víseeral surface 


The histologieal appearanee of the spleen 


T. tit 

LM X 50 



Splenie blood vessels and lymphatie vessels 
communicate with the spleen on the viseeral 
surface at the hílum, a groove marking the 
border between the gastrie and renal areas. 


Splenie artery 
Splenie vein 

Splenie lymphatie vessels 


Trabeculae 



Fibrous trabeculae (partitions) radiate 
outward toward the capsule through the 
interior from the hilum. Blood vessels travel 
within the trabeculae. 


Capsule 
Trabecula 
Trabecular artery 


VVhite pulp of splenie nodule 


Gentral artery in splenie nodule 


Path of Blood Flow through the Spleen 


The trabecular arteríes are Gapillaries diseharge the 

branehes of the splenie artery. blood into the reticular 

Their finer branehes, ealled tissue of the red pulp, 

eentral arteríes, are surrounded which eontains free and 

by areas of white pulp. fixed maerophages. 



Blood flows into 
sinusoids (l\/lodule 
18.3, p. 655) whose 
walls eontain fixed 
maerophages. 



Blood eolleets into 
small veins that in 
turn merge to form 

trabecular veíns that 
unite at the hilum. 


The unusual circulatory arrangement within the spleen gives the phago- 
eytes of the spleen an opportnnity to identify and engulf any damaged 
or infeeted eells in eirenlating blood. Beeanse lymphoeytes, maerophages, and 
dendritie eells are seattered throughout the red pulp, any mieroorganism or 
other antigen in the blood will quickly trigger an immune response. 



Module 20.7 Revìevv 


a. VVhat isthefunction ofthespleen? 

b. Deseribe red pulp and white pulp found 
in thespleen. 

e. Beginning at the trabecular arteries, traee 
the path of blood through the spleen. 


20.7 Deseribe the structure and function of 
the spleen, and traee blood flow through it. 
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Labelíng 


Label the structures of the lymphatie system 
in the aeeompanying figure. 





11 

12 




Matehíng 


Mateh eaeh lettered term with the most elosely related deseription. 


a. Beells 

b. spleen 

e. lymphatie eapillaries 

d. cytotoxicTcells 

e. epithelial eells 

f. tonsils 

g. lymphopoiesis 

h. thymie corpuscles 

i. lymphoid organs 

j. helperT eells and suppressorTeells 

k. afferent lymphaties 

l. right subclavian vein 

m. lymph nodes 


18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


Beginning of lymphatie system 

Thymus medullary eells 

Reeeives lymph from right lymphatie duct 

Thymus, spleen, and lymph nodes 

Smallest lymphoid organs 

Regulate and eoordinate the immune response 

Largest mass of lymphoid tissue in body 

Maintains blood-thymus barrier 

Occurs in red bone marrow, thymus, and lymphoid tissues 

Cell-mediated immunity 

Lymphoid nodules in walls of pharynx 

Antibody-mediated immunity 

Carry lymph to lymph nodes 


18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 
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Module 20.8 


SECTION 2 • Innatelmmuiiíty 



Innate immunìty ìs nonspeefie and is 
not stimulated by speeifie antigens 

The human body has multiple defense meehanisms that together 
provide immunity —the ability to fight infeetion, illness, and disease. 

Two eomplementary meehanisms are involved, and both must 
function normally to provide adequate resistanee to infeetion and 
disease. In this seetion we eonsider innate (nonspeeifie) immunity. 

Innate immunity is not stimulated by speeifie antigens and prevents 
the approaeh, denies the entry, and limits the spread of mierobes or 
other environmental hazards. 




Innate (nonspeeífíe) Immoníty 

Innate defensesdo not distinguish onetype of threat from another.Their response isthe 
same, regardless of the type of invading agent.These defenses, which are present at birth, 
provide a defensive eapability known as nonspeeífíe resìstanee. 


Physìeal barrìers keep hazardous organisms and 
materials outside the body. For example, a mosquito 
that lands on your head may be unable to reaeh the 
surface of the sealp if you have a full head of hair. 



Phagoeytes are eells that engulf pathogens and eell debris. 
Examples of phagoeytes are the maerophages of periph- 
eral tissues and the eosinophils and neutrophils of blood. 




Immune surveìllance is the destruction of abnormal 
eells by NK eells in peripheral tissues. 




Destruction 
of abnormal 
eells 


Interferons are ehemieals that eoordinate the 
defenses against viral infeetions. 



Gomplement is a system of circulating proteins that 
assists antibodies in the destruction of pathogens. 



Inflammatíon is a loealized, tissue-level response that 
tends to limit the spread of an injury or infeetion. 



Inflammation 


Fever is an elevation of body temperature that aeeelerates 
tissue metabolism and defenses. 



Adaptìve (speeìfìe) lmmunìty 

Adaptive defenses proteet 
against particularthreats. For 
example, a speeifie defense 
may proteet against infeetion 
by one type of bacterium but be 
ineffeetive against other baeteria 
and viruses. Adaptive immunity 
depends on the aetivities of 
speeifie lymphoeytes. The body's 
speeifie defenses produce a state 
of proteetion known as speeìfíe 
resistanee. We discuss adaptive 
immunity in Seetion 3. 


Modyle 20.8 Revìew 


a. Distinguish between innate 
immunity and adaptive immunity. 

b. Howdoes innate immunity proteet 
usfrom disease? 

e. Aehildfallsoff her bikeand skins 
her knee. Which form of immunity 
will be aetivated immediately? 


(S) 20.8 Give an overview of the eomponents of innate (nonspeeifie) immunity. 





























IVIodule20.9 
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Physkal barrìers prevent pathogens 
and toxins from enteríng body tissues... 


To cause trouble, an antigenie snbstanee or 
a pathogen must enter body tissnes, which 
requires erossing an epithelinm—either at 
the skin or aeross a mucous membrane. 


The integumentary system 
provides the major physieal 
barrier to the external environment. 



Duct of eeerine 
sweat gland 



Seeretion 


Epithelium 


Sebaceous 

gland 


Most epithelia are proteeted by speeialized 
aeeessory structures and seeretions.The 
epidermal surface also reeeives the 
seeretions of sebaceous and sweat glands. 
These seeretions, which flush the surface 
to wash away mieroorganisms and 
ehemieal agents, may also eontain 
baeterieidal ehemieals, destructive 
enzymes (lysozymes), and antibodies. 




The hairs on most areas of your 
body proteet against physieal 
abrasion (espeeially on the sealp), 
and they often prevent hazardous 
materials or inseets from touching 
your skin. 



Keratinized 

eells 

Desmosomes 


The epithelial eovering of the skin has 
multiple layers, a eoating of keratinized 
eells, and a network of desmosomes 
that loek adjaeent eells together. 


2 


The epithelia lining the digestive, respiratory, 
nrinary, and reprodnetive traets are an 


important barrier that proteets against antigenie 
snbstanees and pathogens. As noted in Module 20.5, 
MALT in these loeations 


provides a seeondary line 
of nonspeeifie defense. 


Mucus 


Mucous eell 


Mucus bathes most surfaces of your 
digestive traet, and your stomaeh 
eontains a powerful aeid that ean 
destroy many pathogens. Mucus 
moves aeross the lining of the 
respiratory traet, urine flushes the 
urinary passageways, and glandular 
seeretions do the same for the 
reproductive traet. Speeial enzymes, 
antibodies, and an aeidie pH add to 
the effeetiveness of these seeretions. 





Tight junctions 

Entrapped partiele 
Basement membrane 


Along the more delieate 
internal passageways, 
epithelial eells are usually tied 
together by tight junctions 
and supported by a fibrous 
basement membrane. 
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... and phagoeytes provìde the next lìne of defense 


3 


Phagoeytes serve as janitors and poliee in peripheral tissnes. They remove 
eellnlar debris and respond to invasion by foreign snbstanees or pathogens. 
Phagoeytes are the “first line of eellnlar defense” against pathogenie invasion. 
Many phagoeytes attaek and remove mieroorganisms even before lymphoeytes 
deteet them. All phagoeytie eells fnnetion in much the same way, although the 
target of phagoeytosis may differ from one type of phagoeyte to another. 


Types of Phagoeytes 


12 pm 



Neutrophìls are 

abundant, mobile, 
and quickto 
phagoeytize 
cellular debris or 
invading baeteria. 
They circulate in 
the bloodstream 
and roam through 
peripheral tissues, 
espeeially at sites 
of injury or 
infeetion. 


8-10 pm 



Eosìnophìls, which 
are less abundant 
than neutrophils, 
phagoeytize foreign 
substances or 
pathogens that 
have been eoated 
with antibodies. 


There are two major elasses of maerophages derived from the monoeytes 
of the circulating blood.This eolleetion of phagoeytie eells is ealled the 
monoeyte-maerophage system, orthe reticuloendothelial system. 



Fíxed maerophages are permanent 
residents of speeifie tissues and organs and 
are seattered among eonneetive tissues.They 
are immobile and stay within these tissues. 


Free maerophages travel throughout the 
body, arriving at the site of an injury by 
migrating through adjaeent tissues or by 
recruitment from the circulating blood. 



All phagoeytes share several functional eharaeteristies, 
which are snmmarized in the table below. 


Functional Gharaeteristies of Phagoeytes 


• Phagoeytes ean leave eapillaries by squeezing between 
adjaeent endothelial eells, a proeess known as emígratìon, or 
díapedesís. 

• Phagoeytes may be attraeted to or repelled by ehemieals in the 
surrounding fluids, a phenomenon ealled chemotaxis.They 
are particularly sensitive to ehemieals released by either body 
eells or pathogens. 

• Phagoeytosis always begins with the attaehment of the 
phagoeyte to its target. In this proeess, reeeptors on the 
plasma membrane of the phagoeyte bind to the surface of the 
target. 

• After attaehment, the phagoeyte may either destroy the target 
itself or promote its destruction by aetivating speeifie defenses. 



Phagoeyte SEM X 2900 

engulfing baeteria 


Modyle 20.9 Revíew 


a. How does the integumentary system proteet the body? 

b. Identify the types of phagoeytes in the body, and 
differentiate between fixed maerophages and free 
maerophages. 

e. Define chemotaxis. 


(S) 20.9 Explain how physieal barriers and phagoeytes play a role in innate immunity. 
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IVIodule 20.10 



NK eells perform immune surveillance, 
deteeting and destroying abnormal eells 

The immune system generally ignores the body s own eells unless they 
beeome abnormal in some way. Natural killer (NK) eells are responsible for 
reeognizing and destroying abnormal eells when they appear in peripheral 
tissnes. The eonstant monitoring of normal tissnes by NK eells is ealled 
immune surveillance. The plasma membranes of eaneer eells generally eontain 
unusual proteins ealled tumor-'Specifìc antigens, which NK eells reeognize as 
abnormal. The aífeeted eells are then destroyed, preserving the tissue. 


NK eells reeognize baeteria, foreign eells, eells 
infeeted by virnses, and eaneer eells. In eaeh ease, 
the steps leading to target eell destrnetion are similar. 



Stepl 

If a eell has unusual eompo- 
nents in its plasma membrane, 
an NKeell reeognizes that 
other eell as abnormal. Such 
reeognition aetivates the NK 
eell, vvhieh then adheres to its 
target eell. 

Step 2 

The Golgi apparatus moves around the 
nucleus until the maturing faee points 
direetly tovvard the abnormal eell. A 
flood of seeretory vesieles isthen 
produced at theGolgi apparatus.These 
vesieles, vvhieh eontain proteins ealled 
perforìns, travel through the eytoplasm 
tovvard the eell surface. 

Step 3 

The perforins are released at 
the eell surface by exocytosis 
and diffuse aeross the 
narrovv gap separating the 

NK eell from its target. 

Step4 

As a result of the pores 
made by perforin 
molecules, the target eell 
ean no longer maintain its 
internal environment, and 
it quickly disintegrates. 



NKeell Abnormal 

eell 





Perforin 


molecules 


NKeell 


Abnormal 



When perforin molecules 
reaeh the opposing plasma 
membrane, they interaet 
to form a netvvork of pores. 
These pores are large 
enough to permit the free 
passage of ions, proteins, 
and other intracellular 
materials. 
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Cell division is a eomplieated proeess, and 
mistakes oeeasionally oeenr. The abnor- 


mal danghter eells nsnally eannot snrvive, and 
NK eells deteet and destroy the few 
that ean still fnnetion. That detee- 
tion is important beeanse a small 
nnmber of those abnormal eells 
are potentially lethal eaneer eells. 



Stem eell 





Abnormal eell 




NKeell identifies and 
destroys abnormal eell 


Daughter eells 

Ganeer eells often mntate and ean some- 
times avoid deteetion by NK eells. This 
proeess of avoiding deteetion or nentralizing 
body defenses is ealled ìmmunologícal eseape. 





Onee immunological 
eseape has occurred, 
eaneer eells ean multiply 
and spread without 
interferenee by NK eells. 
They ean then move 
throughout the body, 
establishing potentially 
lethal seeondary tumors. 



surveillance, how do eaneer eells 
spread? 


(S) 20.10 Deseribe immune surveillance, and explain the role of NK eells. 
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Interferons and the eomplement system 
are dístríbuted vvidely ín body fluids 


Interferons 


eomplement System 


Interferons (in-ter-FÉR-onz) (IFNs) are small 
proteins released by aetivated lymphoeytes 
and maerophages and by eells infeeted with 
virnses. On reaehing the plasma membrane 
of a normal eell, an interferon binds to snrfaee 
reeeptors on the eell and, by seeond messen- 
gers, triggers the prodnetion of antiviral 
proteins in the eytoplasm. Antiviral proteins 
do not interfere with the entry of virnses, but 
they do interfere with viral replieation inside 
the eell. In addition to their role in slowing the 
spread of viral infeetions, IFNs stimulate 
maerophages and NK eells. 



At least three types of interferons exist, eaeh 
of which has additional speeialized fnnetions. 
Interferons are examples of eytokines (Sl-tó-kinz)— 
ehemieals released by eells to eoordinate loeal 
aetivities. Gytokines prodneed by most eells are used 
only for eell-to-eell eommnnieation within a given 
tissue. However, eytokines released by phagoeytes 
and lymphoeytes ean also aet as hormones, affeeting 
eells and tissnes throughout the body. 




Interferon alpha (a) ís 

produced by eells infeeted 
with viruses. IFN alpha 
attraets and stinnulates NK 
eells and enhanees 
resistanee to viral infeetion. 





Interferon beta (^) is 

seereted by fibroblasts 
and slows inflammation in 
a damaged area. 





Interferon gamma ( 7 ) is 

seereted byT eells and NK 
eells and stimulates 
maerophage aetivity. 





2 


Plasma eontains over 30 speeial proteins that form 


the eomplement system. The term eomplement 
refers to the faet that this system eomplements the aetion 
of antibodies. The eomplement proteins interaet with one 
another in ehain reaetions, or easeades, similar to the 
blood elotting system. There are two possible pathways 
for eomplement aetion: the elassieal pathway and the 
alternative pathway. 


eiassieal Pathway 

The most rapid and 
effeetive aetivation of 
the eomplement 
system occurs through 
the elassieal pathway. 



Antíbody Bíndíng and 
Gomplement Attaehment 


-lAntibodies 

r/ 



Antibody binding 



Gomplement attaehment 


The proeess begins when 
one of the eomplement 
proteins attaehes to antibody 
molecules already bound to 
their speeifie antigen—in this 
ease, a baeterial eell wall. 


Aetìvation and Gaseade 



The attaehed eomplement 
protein then aets as an 
enzyme, eatalyzing a series 
of reaetions involving other 
eomplement proteins. 
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Alternatìve Pathvvay 



The alternative pathvvay begins 
vvhen several eomplement 
proteins, notably properdìn, 
interaet in the plasma.This 
interaetion ean betriggered by 
exposure to foreign substances, 
such as the capsule of a bacterium. 
The end result is the attaehment of 
an aetivated eomplement protein 
to the baeterial eell vvall. 



The alternative pathvvay 
is important in the 
defense against baeteria, 
some parasites, and 
virus-infected eells. 


_ V 

eomplement Attaehment 
(alternatíve pathway) 



The elassieal pathvvay ends 
vvith the eonversion of an 
inaetive eomplement 
protein to an aetivated form 
that attaehes to the eell vvall. 


Pore Formatíon and Cell Lysís 



Onee an aetivated 
eomplement protein 
has attaehed to the 
eell vvall, additional 
eomplement proteins 
form a pore in the 
membrane that 
destroys the integrity 
ofthetarget eell. 




Moltiple pores Cell lysis 

in bacterium 


Enhaneed Phagoeytosís 

A eoating of eomplement proteins and 
antibodies both attraets phagoeytes and 
makes the target eell easier to engulf. This 
enhaneement of phagoeytosis, a proeess 
ealled opsonìzatíon, occurs because 
maerophage membranes eontain reeeptors 
that deteet and bind to eomplement proteins 
and bound antibodies. 


Hístamine Release 

Release of histamine by mast eells and 
basophils in tissues inereases the degree of 
loeal inflammation and aeeelerates blood 
flovv to the region. 


Modyle 20.11 Revìew 


a. Define interferons. 

b. Briefly explain the role ofeomplement 
proteins. 

e. What is the effeet ofhistamine released 
by eomplement system aetivation? 


(S) 20.11 Deseribe the types of interferons, and explain the pathvvays of eomplement aetivation. 


Seetion 2: Innate lmmunity • 761 


























































IVIodule 20.12 


w 


Inflammatìon ís a loealized 
tíssue response to injury; fever 
is a generalized response to 
tissue damage and infeetion 

Inflammatíon 


Tìssue Damage 




Inflammatíon; or the inflammatory response, is a loealized 
tissue response to injury. Inflammation prodnees loeal redness 
{rubor), swelling {tumor), heat (ealor), and pain (dolor). These are 
known as the so-ealled eardinal signs and symptoms of inflammation. 
Sometimes a fifth is inelnded: lost fnnetion (functio laesa). Many 
stimnli, inelnding impaet, abrasion, distortion, ehemieal irritation, 
infeetion by pathogens, and extreme temperatnres (hot or eold), 
ean prodnee inflammation. Eaeh of these stimnli kills eells, damages 
eonneetive tissue fibers, or injures the tissue in some other way. 

The ehanges alter the ehemieal eomposition of the interstitial fluid. 
Damaged eells release prostaglandins, proteins, and potassinm 
ions, and the injury itself may have introduced foreign proteins 
or pathogens. The ehanges in the interstitial environment 
trigger the complex proeess of inflammation. 



ehemieal ehange 
in interstitial fluid 




Release of 
histamine and 
heparin from 
mast eells 



ni 




Redness, Swelling, Heat, and Paín 



Dilation of blood 
vessels, inereased 
blood flow, 
inereased vessel 
permeability 


Fever 


2 


Fever is a body temperatnre greater than 
37.2°C (99°F). Circulating fever-inducing 
proteins ealled pyrogens (Pl-ró-jenz; pyro-, fever 
or heat + ~gen, snbstanee) ean reset the tempera- 
ture thermostat in the hypothalamns and raise 
body temperatnre. Within limits, a fever ean be 
benefieial. High body temperatnres may inhibit 
some virnses and baeteria, but the most likely 
benefieial effeet is on body metabolism. For eaeh 
1°C rise in body temperatnre, metabolie rate 
jumps by 10 pereent. The net resnlts may be the 
quicker mobilization of tissue defenses and an 
aeeelerated repair proeess. 






eiot formation 
(temporary repair) 


V 


Tìssue Repaìr 


Pathogen removal, 
elot erosion, sear 
tissue formation 


Phagoeyte Attraetìon 


Attraetion of 
phagoeytes, 
espeeially 
neutrophils 




Removal of debris 
by neutrophils 
and maerophages; 
stimulation of 
fibroblasts 


Aetivation 
of speeifie 
defenses 

H 



762 • Chapter20:The LymphatieSystem and lmmunity 





































































































Summary of Innate lmmuníty (Nonspeeifìe Defenses) 



This table summarizes the information on innate 
(nonspeeifie) immunity presented in this seetion. 


Physìeal Barrìers 


Prevent approaeh 
of and deny aeeess 
to pathogens 


Duct of eeerine 
sweat gland 



Seeretions 


Epithelium 


Hair 


Phagoeytes 


Remove debris 
and pathogens 



Neutrophil Eosinophil 



Monoeyte 



Free Fixed 

maerophage maerophage 


lmmune Surveìllance 


Destroys 
abnormal eells 




Natural killer eell 





Lysed 

abnormal 

eell 


Interferons 


inerease resistanee of 
eells to viral infeetion; 
slow the spread of 
disease 




Interferons released by aetivated 
lymphoeytes, maerophages, or 
virus-infected eells 


Gomplement System 


Attaeks and breaks down the 
surfaces of eells, baeteria, and 
viruses; attraets phagoeytes; 
stimulates inflammation 


& 

s 


« 






6 


Gomplement 



Lysed 

pathogen 


Inflammatíon 


Multiple effeets 



Mast eell 


Blood flow inereased 
Phagoeytes aetivated 

Damaged area isolated by elotting reaetion 
Gapillary permeability inereased 
Gomplement aetivated 
Regional temperature inereased 
Speeifie defenses aetivated 


Modyle 20.12 Revìew 


Fever 


Mobilizes defenses; 
aeeelerates repairs; 
inhibits pathogens 


100 

80 

60 

40 

20 

0 





Body temperature rises above 37.2°C in 
response to pyrogens 


a. Deseribe inflammation. 

b. VVhat effeet do pyrogens have in the 
body? 

e. A rise in the level of interferons in the 
body suggests what kind of infeetion? 


(S) 20.12 Explain the signifieanee of inflammation and fever as innate defense meehanisms. 
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SECTION 2 Revíew 

L 


Labelíng 


Identify the type of innate immonity (nonspeeifie defense) deseribed below. 



keep hazardous organisms and materials outside the body. 
For example, a mosquito that lands on your head may be unable 
to reaeh the surface of the sealp if you have a full head of hair. 




are eells that engulf pathogens and eell debris. 
Examples are the maerophages of peripheral tissues 
and the eosinophils and neutrophils of blood. 



is the destruction of abnormal eells by NK 
eells in peripheral tissues. 




Destruction of 
abnormal eells 


El are ehemieal messengers that eoordinate the 
defenses against viral infeetions. 



is a system of circulating proteins that assists 
antibodies in the destruction of pathogens. 





is a loealized, tissue-level response that tends to 
limitthe spread ofan injury or infeetion. 



Inflammation 



is an elevation of body temperature that 
aeeelerates tissue metabolism and the aetivity of 
defenses. 
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IVIultìple ehoíee 


Seleet the eorreet answer from the list provided. 



A physieal barrier such as the skin provides a nonspeeifie body 
defense due to its makeup, which includes 

Q a) multiple layers. 

Q b) a eoating of keratinized eells. 

Q e) a network of desmosomes loeking adjaeent eells together. 
Q d) all of these. 




NK eells sensitive to the presenee of abnormal plasma 
membranes are primarily involved in 

Q a) defenses against speeifie threats. 

Q b) phagoeytie aetivity for defense. 

Q e) complex, time-consuming defense meehanisms. 

Q) d) immune surveillance. 

The nonspeeifie defense that breaks down eells, attraets phagoeytes, 
and stimulates inflammation is 


Q a) the inflammatory response. 
Q b) the aetion of interferons. 

Q e) the eomplement system. 

Q) d) immune surveillance. 



The protein(s) that interfere with the replieation of viruses is (are) 

Q a) eomplement proteins. 

Q b) heparin. 

Q e) pyrogens. 

Q d) interferons. 




Circulating proteins that reset the thermostat in the hypothalamus, 
causing a rise in body temperature, are ealled 

Q a) pyrogens. 

Q b) interferons. 

Q e) lysosomes. 

Q d) eomplement proteins. 

The"first line of cellular defense"against pathogenie invasion is 

Q a) phagoeytes. 

Q b) mucus. 

Q e) hair. 

Q d) interferon. 


Short answer 

We usually assoeiate a fever with illness or disease. How ean a fever be benefieial? 
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Module 20.13 


SEGTION 3 • Adaptìve lmmunìty 





Adaptive (speeifie) immunity is eoordinated and prodneed by T eells and B eells. 
As the flowchart below shows, speeifie immnnity may be acquired in different 
ways. To prevent disease, the most eommon way is to induce immunity artifieially by 
vaeeination (immnnization). Vaeeines stimnlate an immune response by prodneing 
antibodies to a speeifie disease. A vaeeine eontains either a dead or inaetive pathogen, 
antigens derived from that pathogen, or simnlated antigens. 



The ability to resist infeetion, illness, and disease 




Adaptive immunity is not present at birth. You 
acquire immunity to a speeifie antigen only when 
you have been exposed to that antigen or reeeive 
antibodies from 
another source. 


Aetìve lmmunìty 


Develops in 
response to antigen 
exposure 


Naturally acquìred 
aetìve ìmmunìty 

Develops after 
exposure to 
antigens in 
environment 


Artìfìeìally lnduced 
aetlve lmmunlty 

Develops after 
administration 
of an antigen to 
prevent disease 


Passìve lmmunìty 


Produced by transfer 
of antibodies from 
another 
source 


Naturally acqulred 
passlve lmmunlty 

Gonferred by transfer 
of maternal antibodies 
aeross plaeenta or in 
breast milk 


Artlflelally lnduced 
passlve lmmunlty 

Gonferred by 
administration 
of antibodies to 
eombat infeetion 



Innate (Nonspeelfìe) 


lmmunìty 


Genetieally 
determined; 
no prior exposure 
or antibody 
production involved 



Regardless of the form, adaptive immunity exhibits four general 
properties, which are snmmarized in the following table. 


Propertíes of Adaptìve lmmunìty 


• Speeìflelty results from the aetivation of speeifie lymphoeytes and the produc- 
tion of antibodies with targeted effeets. Eaeh T eell or B eell has reeeptors that 
bind to one speeifie antigen, but ignore all others.The response of an aetivated 
T eell or B eell is equally speeifie, and leaves other antigens unaffected. 

• Versatlllty results from the large diversity of lymphoeytes present in the body. 
There are millions of different lymphoeyte populations, eaeh sensitive to a 
different antigen. When aetivated by a speeifie antigen, a lymphoeyte divides, 
producing more lymphoeytes with the same speeifieity. All the eells produced 
by the division of an aetivated lymphoeyte constitute a elone. 

• lmmunologlc memory exists because eell divisions of aetivated lymphoeytes 
produce two groups of eells: one group that attaeks the invader immediately, 
and another that remains inaetive unless it is exposed to the same antigen 

at a later date.These inaetive memory eells enable your immune system to 
"remember"antigens it has previously encountered, and to launch a faster, 
stronger, and longer-lasting counterattack if such an antigen reappears. 


Toleranee exists because the immune response ignores 
normal ("self") tissues but targets abnormal and foreign 
eells ("non-self") as well as toxins.Tolerance ean also 
develop over time in response to ehronie exposure to an 
antigen in the environment. Such toleranee generally 
lasts only as long as the exposure continues. 


Modyle 20.13 Revíew 


a. Which two eells eoordinate adaptive immunity? 

b. Which type of immunity develops when a ehild is 
given the polio vaeeine? 

e. Whatarethe propertiesofadaptive immunity? 


(S) 20.13 Deseribe the types of adaptive immunity and four properties of adaptive immunity. 
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IVIodule 20.14 


w 


Adaptíve ìnnmunity is triggered by exposure 
of T eells and B eells to speeifìe antigens 



This figure provides a “big picture” overview of the 
immune response. The presentation of speeifie antigens 
may stimulate (1) eell-mediated events involving attaeks by 
T eells, and (2) antibody-mediated events involving speeifie 
antibodies seereted by aetivated B eell deseendants. We will 
examine eaeh of these proeesses more elosely in later 
modules. This module focuses on the first step: how 
antigens trigger the body's speeifie defenses, or an 
immune response. 


Antìgens or Antìgenìe 
Fragments ìn Body Fluìds 

Most antigens must either 
infeet eells or be "proeessed 
by phagoeytes before 
speeifie defenses are 
aetivated. The trigger is 
the appearanee of antigens 
or antigenie fragments in 
plasma membranes; 
this is ealled antìgen 
presentatìon. 


Adaptìve lmmunìty 


I 


// 


Antigen presentation 
triggers speeifie 
defenses, or an 
immune response. 




Antigens 


Cell-Medìated 

lmmunìty 





r 


Phagoeytes 

aetivated 


T eells 
aetivated 


Communication 
and feedbaek 


À 


t 


Ant i body-Med í ated 
lmmunìty 





Aetivated B ; 


eells give rise 
to eells that 
produce 
antibodies. 




Direet Physieal and 
ehemieal Attaek 

Aetivated T eells find 
the pathogens and 
attaekthem through 
phagoeytosis orthe 
release of ehemieal 
toxins. 








Destruction 
of antigens 


Attaek by Circulating 
Antibodies 






■■.í* : 






MHC Proteins and Antigen Presentation 


2 


Antigen presentation 
occurs when an 


antigen-glyeoprotein eombi- 
nation eapable of aetivating 
T eells appears in a plasma 
membrane. The structure 
of these glyeoproteins is 
genetieally determined. 

The genes eontrolling their 
synthesis are loeated along 
one portion of ehromosome 
6, in a region ealled the 
major histoeompatibility 
complex (MHC). These 
membrane glyeoproteins 
are ealled MHC proteins. 
eiass IMHC proteins are 
always present in the mem- 
branes of all nucleated eells. 



Antigen presentation 
by eiass I MHC proteins 
is triggered by viral or 
baeterial infeetion of a 
body eell. 



The infeetion results 
in the appearanee of 
abnormal peptides in 
the eytoplasm. 



The abnormal peptides 
are ineorporated into 
eiass I MHC proteins as 
they are synthesized at 
the endoplasmie 
reticulum. 


Plasma membrane 




Viral or baeterial 
pathogen 


Transport 


Endoplasmie 

reticulum 


The abnormal 
peptides are 
displayed by Class I 
MHC proteins on the 
plasma membrane. 




After export to the 
Golgi apparatus, 
the MHC proteins 
reaeh the plasma 
membrane within 
transport vesieles. 


*P 




Nucleus 
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3 


eiass IIMHC proteins are present only in the membranes 


of antigen-presenting eells and lymphoeytes. Antigen- 
presenting eells (APCs) are speeialized eells that inelnde all the 
phagoeytie eells of the monoeyte-maerophage gronp and the 
dendritie eells of the skin and lymphoid organs. Class IIMHC 
proteins appear in the plasma membrane only when the eell is 
proeessing antigens. The proeess of antigen presentation is shown 
here for a phagoeytie eell. 



Phagoeytie APCs 
engulf the extracellular 
pathogens. 


Plasma 

membrane 



Lysosomal aetion 
produces antigenie 


fragments. 




Antigenie fragments 
are displayed by Class 
MHe proteins on the 
plasma membrane. 


Antigenie fragments 
are bound to Class II 
MHC proteins. 


The endoplasmie 
reticulum produces 
eiass II MHC proteins. 


Lysosome 


Endoplasmie 

reticulum 


Phagoeytìeeell 


In this preparation, eells were exposed to flnoreseent-tagged antibodies that 
bind to speeifie strnetnres and which glow when the eells are illnminated with 
flnoreseent light. The green eell is an APC and the red eell is a lymphoeyte; the bright 
yellow areas indieate where labeled antigens are being displayed on MHC proteins. 



Modyle 20.14 Revìew 


a. Deseribe antigen presentation. 

b. What is the major histoeompatibility 
complex (MHC)? 

e. Where are eiass I MHC proteins and 
eiass II MHC proteins found? 


(S) 20.14 Explain how antigens trigger an immune response. 
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IVIodule 20.15 


r 


Infeeted eells stìmulate the formation and division of 

cytotoxicT eells, memory Tc eells, and suppressorT eells 



inaetive T eells have reeeptors that reeognize 
either Class I or Class IIMHC proteins on 
other eells when those proteins are bonnd to speeifie 
antigens. T eell binding will oeenr only if the MHC 
protein eontains the antigen that the T eell is 
programmed to deteet. This proeess is ealled 
antígen reeognition. 


InaetiveT eell 



Antigen 

reeognition 

protein 


Reeeptor 

Antigen 

MHe protein 


infeeted body eell (including APCs) 


2 


The membrane proteins involved in antigen 
reeognition are members of a elass of proteins 


ealled CD (elnster of differentiation) markers. 


There are at least 70 different CD 
markers, but only two assoeiated 
with T eells are important to our 
discussion. 


3 


Antigen reeognition prepares a T eell for aetivation. A CD8 T eell 
ean reeognize antigens bonnd to Class I MHC proteins 



Full aetivation requires exposure of the eell to speeifie physieal or 


ehemieal stimuli 



. This results in aetivation and eell division 




Antìgen Reeognìtìon 



Antigen reeognition occurs when a 
CD8T eell encounters an appropri- 
ate antigen on the surface of 
another eell, bound to a Class I 
MHC protein. 


Viral or 
infeeted baeterial 

antigen 



inaetive 
CD8 
T eell 



CD8 Markers 


CD4 Markers 

CD8 markers are found on 


CD4 markers are found on 

CD8T eells. CD8T eells 


CD4T eells. CD4T eells are 

respond to antigens 


discussed further in the 

presented by Class I MHC 


next module.They respond 

proteins.These eells provide 


to antigens presented by 

eell-mediated immunity. 


eiass II MHC proteins. 


■0 


t 






íl 

W 

1 

i 

I ^ 

■ 



Aetìvatìon and 
Cell Dívìsìon 


Antigen reeognition 
results inT eell aetiva- 
tion and eell division, 
producing populations 
of three different types 
of CD8T eells sensitive 
to the same antigen. 





Costìmulatìon 



Costimulation 

aetivates 

CD8Tcell 


CD8 


eiass I 
MHC 


infeeted eell 



T eell 
reeeptor 


CD8Tcell 


Before aetivation ean occur, aT eell must be 
ehemieally or physieally stimulated by the 
abnormal target eell.This vital seeondary binding 
proeess, ealled costìmulatìon, eonfirms the 
aetivation signal. Costimulation is like the safety 
on a gun: It helps preventT eells from mistakenly 
attaeking normal (self) tissues. 
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4 


Following aetivation, the eell divides repeatedly, 
and danghter eells differentiate into three types 


of CD8 T eells. 




Cytotoxìc T eells, also ealled Tj- eells, seek out and destroy abnornnal and 
infeeted eells. CytotoxicT eells are highly mobile eells that roam throughout 
injured tissues. When a T,- eell encounters its target antigens bound to Class 
MHe proteins, it attaeks the target eell. 








Memory T(- Cells Are Produced 



Destructìon of Target Cells 

The T(- eell destroys the antigen- 
bearing eell. It may use several 
different meehanisms to kill the 
target eell. 





Memory Tc eells are produced by 
the same eell divisions that produce 
cytotoxicT eells. Thousands of these eells 
are produced, but they do not 
differentiate further the first time the 
antigen triggers an immune response. 


r 




r 




MemoryTe eells 
(inaetive) 


SuppressorT Cells Províde a Delayed Suppressíon 


SuppressorT eells (T^ eells) suppress 
the responses of otherT eells and of B 
eells by seereting suppressíon faetors 

that limit the degree of immune system 
aetivation. Suppression does not occur 
immediately, because suppressorT eell 
aetivation takes much longerthan the 
aetivation of other types of T eells. 
SuppressorT eells aet only after the 
initial immune response. 






Suppressor 
T eells 




Destruction of target eell 
membrane through the release 
of perforins 


Aetivation of genes within the 
target eell nucleus that results 
in the self-destruction of the 
eell through a proeess ealled 
apoptosìs (ap-op-TÒ-sis) 


Disruption of eell metabolism 
through the release of 
lymphotoxìn (lim-fó-TOK-sin) 


The first time CD8 T eells encounter a speeifie antigen, the entire 
sequence of events—from the appearanee of the antigen in a 
tissue to widespread eell destruction by cytotoxic T eells—takes 
2 days or more. During this time, the damage or infeetion may 
spread, making it more diffienlt to eontrol. However, if the same 
antigen appears a seeond time, memory eells will immediately 
differentiate into cytotoxic T eells, prodneing a prompt, effeetive 
eellnlar response that ean overwhelm an invading organism 
before it beeomes well established in the tissnes. 


Modyle 20.15 Revíew 


a. Deseribe CD markers. 

b. Identify the three major types of T eells 
aetivated by Class I MHC proteins. 

e. Howdo abnormal antigens attaehed 
to eiass IMHC proteins initiate an 
immune response? 


(S) 20.15 Explain the events of antigen reeognition and the roles of CD markers in T eell differentiation. 
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IVIodule 20.16 


Antigen-presentìng eells ean stìmnlate aetìvatìon of 
CD4T eells, prodoeíng helper T eells that promote 
B eell aetívation and antibody prodoetion 



Before they ean initiate antibody-mediated 
immnnity, inaetive CD4 T eells must be exposed 
to antigens that are bound to Class IIMHC proteins. 
Costimulation then eompletes their aetivation. Upon 
aetivation, CD4 T eells nndergo a series of divisions, and 
danghter eells differentiate into aetive helper T eells 
(Th eells) and memory Th eells. 


When a B eell eneonnters its speeifie 


2 


antigen, it prepares for aetivation. This 
preparatory proeess is ealled sensitization. 
During sensitization, antigens bronght into the 
eell by endoeytosis subsequently appear on 
the snrfaee of the B eell, bound to Class II 
MHC proteins. 



Foreign antigen 

Antigen-presenting 

eell (APC) 


eiass II MHG 




Costinnulation 


CD4 protein 


inaetive 
CD4 (Th) 



T eell reeeptor 


Th eell 


CD4T Cell Aetìvatìon and Cell Dìvìsìon 






1 


ir 







MemoryTH eells 
(inaetive) 




eytokines 




Aetive helperT eells 


Aetive helperT eells seerete 
eytokìnes that stimulate both 
eell-mediated and antibody- 
mediated immunity. 





Antigens 


eiassllMHe 


Antibodies 




inaetive 
B eell 


Antigens bound 
to antibody 
molecules 



Sensitized 
B eell 


The Golgi apparatus is paekaging 
membrane reeeptors (red) that 
will be ineorporated into the 
surface of the eell.These 


reeeptors are essential to the 



An aetivated helperT eell 


Fluorescent LM X 400 
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To beeome fully aetivated, a sensitized B eell must 
encounter a helper T eell that was aetivated by 


exposure to the same antigen. When that happens, the 
helper T eell binds to the MHC complex of the sensi- 
tized B eell, reeognizes the presenee of the antigen, and 
begins seereting eytokines that promote B eell aetivation. 


4 


Under the eontinned stimnlation 
of eytokines released by aetive 


helper T eells, an aetivated B eell 
nndergoes a series of eell divisions. 
These divisions yield danghter eells 
with two different fates. 



eiass II MHe Sensitized B eell 



Antigen 


T eell reeeptor 


Costimulation 
by eytokines 



HelperT eell 




Sensitized 
B eell 


Gytokines 





Memory B eells 


4 


(inaetive) 


Memory B eells remain in 
reserve to deal with subsequent 
injuries or infeetions that involve 
the same antigens. On subse- 
quent exposure, the memory 
B eells respond by differentiating 
into plasma eells that seerete 
antibodies in massive quantities. 


Aetivated ^ 

4 ^ 


B eell 


Cell 


fl'V 


Aetive 
helperT eell 




division 


► 


À 



Aetive B eells 


Stimulation 
by eytokines 




Aetive 
helperT eell 



Plasma eells 








Antibody 

molecules 










Llnder stimulation 
by eytokines from 
helperT eells, elones 
of aetive B eells 
differentiate into 
plasma eells, eaeh 
eapable of seereting 
up to 100 million 
antibody molecules 
per hour. 




IVIodule 20.16 Revìew 


a. Define sensitization. 

b. Explain thefunction of eytokinesseereted by 
helperT eells. 

e. If you observed a higher-than-normal number 
of plasma eells in a sample of lymph, would you 
expect antibody levels in the blood to be higher 
orlowerthan normal? 


(S) 20.16 Explain the sensitization and aetivation of B eells and the role of plasma eells. 
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IVIodule 20.17 

j 


Antibodies are small somble proteins that bind 
to speeifie antigens; they may inaetivate the 
antigens or trigger another defensive proeess 



An antibody moleenle eonsists of two parallel pairs of 
polypeptide ehains: one pair of heavy ehaíns and one 
pair of light ehaìns. Eaeh ehain eontains both eonstant 
segments and variable segments. The eonstant segments 
of the heavy ehains form the base of the antibody moleenle. 


Antigen 

binding 


Variable 

segment 


Gonstant 
segments 
of light 
and heavy 
ehains 



The free tips of the two variable segments form 
the antìgen bìndìng sites of the antibody 
molecule.These sites ean interaet with an 
antigen in the same way that the aetive site of an 
enzyme interaets with a substrate molecule. 
Small differenees in the amino aeid sequence of 
the variable segments affeet the preeise shape 
of the antigen binding site.These differenees 
account for differenees in speeifieity among the 
antibodies produced by different B eells. 


Light ehain 


Binding sites that ean aetivate the eomplement system 
are eovered when the antibody is seereted but beeome 
exposed when the antibody binds to an antigen. 


Binding sites may also be present that attaeh the 
seereted antibody to the surfaces of maerophages, 
basophils, or mast eells. 


2 


When an antibody moleenle binds to 


its eorresponding antigen moleenle, 
an antigen-antibody complex is formed. 



Antibodies do not bind to the entire 
antigen, but to speeifie portions of its 
exposed surface—regions ealled 

antìgenìe determìnant sìtes. 




Antibody 





Antigen-antibody 

complex 


A eomplete antígen is an antigen 
with at least two antigenie determi- 
nant sites, one for eaeh of the antigen 
binding sites on an antibody molecule. 



Garrier 

molecule 




Partial antigen 
(hapten) 



Antibody 



Partíal antìgens, or haptens, do not 
ordinarily cause B eell aetivation. However, 
they may beeome attaehed to earrier 
molecules, forming eombinations that 
ean function as eomplete antigens.The 
antibodies produced will attaek both the 
hapten and the earrier molecule. If the 
earrier molecule is normally present in the 
tissues, the antibodies may begin attaeking 
and destroying normal eells.This is the 
basis for several drug reaetions, including 
allergies to penieillin. 






3 


The exposed surface of something 
as large as a bacterium eontains 


millions of antigenie determinant sites, and 
it may beeome earpeted with antibodies. 



Antigenie Antibodies 

determinant sites 
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There are five dasses of antibodies, or ímmunoglobulíns (Igs). 
The dasses are determined by differenees in the strnetnre 


of the heavy-ehain eonstant segments and so have no effeet on the 
antibody s speeifieity, which is determined by the antigen binding sites. 


eiasses of Antìbodìes 



IgG antibodies account 
forSO pereent of all 
antibodies. IgG 
antibodies are respon- 
sible for resistanee 
against many viruses, 
baeteria, and baeterial 
toxins. 



IgE attaehes as 
an individual 
molecule to 
the exposed 
surfaces of 
basophils and 
mast eells. 




IgD is an individual 
molecule on the 
surfaces of B eells, where 
it ean bind antigens in 
the extracellular fluid. 


IgM is the first elass of antibody 
seereted after an antigen is 
encountered. IgM eoneentration 
deelines as IgG production 
aeeelerates.The anti-A and anti-B 


This binding ean play a antibodies responsible for the 
role in the sensitization agglutination of ineompatible 
of the B eell involved. blood types are IgM antibodies 


ri 

I 




IgA is found primarily in 
glandular seeretions such 
as mucus, tears, saliva, 
and semen.These 
antibodies attaek 
pathogens before they 
gain aeeess to internal 
tissues. 


5 


The initial response to antigen exposure is ealled the 
primary response. Because the antigen must aetivate 


the appropriate B eells, which must then differentiate into 
antibody-seereting plasma eells, the primary response takes 
time to develop. During the primary response, the antibody 
titer, which is a laboratory test that measnres the level of 
antibodies in a blood sample, does not peak until 1 or 2 
weeks after the initial exposure. If the person is no longer 
exposed to the antigen, the antibody levels deerease. 



6 


When an antigen is eneonntered a seeond time, it triggers a 
more extensive and prolonged seeondary response. During 


the seeondary response, antibody titers inerease more rapidly 
and reaeh levels many times higher than they did in the primary 
response. This refleets the presenee of large nnmbers of memory 
eells that are already primed for the arrival of the antigen. These 
memory B eells respond immediately—much faster than the 
B eells stimnlated during the initial exposure. The seeondary 
response appears even if the seeond exposure occurs years after 
the first, because memory eells may survive for 20 years or more. 



Modnle 20.17 Revìew 


a. Describethestructureofan antibody. 

b. Define antigenie determinant site. 

e. VVhieh would be more affeeted by a laek of 
memory B eells and memoryT eells: the primary 
response orthe seeondary response? 


20.17 Deseribe the structure of an antibody, discuss the types of antibodies, 
and explain the primary and seeondary responses to antigen exposure. 
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IVIodule 20.18 

j 


Antìbodìes use many different 
meehanisms to destroy target antigens 

As a group, the antibodies of the various elasses provide a 
versatile and effeetive defense against a variety of threats. 



The formation of an antigen-antibody complex may 
eliminate the antigen in seven different ways. 


Neutralization 

1 

Prevention of Pathogen Adhesion 

Aetivation of Complement 

Both viruses and baeterial toxins must bind 
to the plasma membranes of body eells 
before they ean enter or injure those eells. 
Binding occurs at superficial sites on the 
baeteria or toxins. Antibodies may bind 
to those sites, making the virus or toxin 
ineapable of attaehing itself to a eell.This 
meehanism is known as neutralization. 


Antibodies dissolved in saliva, 
mucus, tears, and sweat eoat 
epithelia, providing an additional 
layer of defense. A eovering of 
antibodies makes it difficult for 
baeteria or viruses to adhere to and 
penetrate body surfaces. 


When bound to an antigen, portions 
of the antibody molecule ehange 
shape, exposing areas that bind 
eomplement proteins. The bound 
eomplement molecules then aetivate 
the eomplement system, which 
destroys the antigen. 

1 

A / 



Preeìpìtatìon and Agglutínatìon 


If antigens are elose together, an 


antibody ean bind to antigenie 
determinant sites on two different 
antigens. In this way, antibodies ean tie 
large numbers of antigens together, 
ereating an ìmrnyne coniplex. When 
the antigen is a soluble molecule, this 
proeess may erate complexes too large 
to remain in solution.Theformation of 
these insoluble immune complexes is 
ealled preeipitation. When thetarget 
antigen is on the surface of a eell or a 
virus, the formation of immune 
complexes is ealled agglutination. 

The clumping of erythroeytes that 
occurs when ineompatible blood types 
are mixed is an agglutination reaetion. 




Immune 

Complex 


Opsonization 


Antigenie 

determinant 


Phagoeytes ean bind more easily to 
antibodies and eomplement proteins 
on the surface of a pathogen than 
they ean to an antibody-free and 
eomplement-free surface. As a result, 
a eoating of antibodies and eomple- 
ment proteins inereases the effeetive- 
ness of phagoeytosis.This effeet, ealled 
opsonization, was introduced in 
l\/lodule 20.11. Some baeteria have sliek 
plasma membranes or capsules, and 
phagoeytes must be able to hang onto 
their prey before they ean engulf it. 


1 Stimulation of Inflammation 

Attraetion of Phagoeytes | 

Antibodies may promote 
inflammation by stimulating 
the release of ehemieals from 
basophils and mast eells. 


Antigens eovered with antibodies 
attraet eosinophils, neutrophils, and 
maerophages—eells that phagoey- 
tize pathogens and destroy foreign 
orabnormal plasma membranes. 


Module 20.18 Review 


a. List the ways that antigen-antibody 
complexes ean destroy target antigens. 

b. Defìneopsonization. 

e. Which eellsare involved in 
inflammation? 
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20.18 Explain the meehanisms by which antibodies destroy target antigens. 































































Module 20.19 


CLINICAL MODULE 


+ 


w 


Allergìes and anaphylaxìs 
are antibody responses 

Allergies are inappropriate or excessive immnne responses to antigens. 
The sndden inerease in eellnlar aetivity or antibody titers ean have several 
nnpleasant side eíFeets. For example, nentrophils or cytotoxic T eells may 
destroy normal eells while attaeking the antigen, or the antigen-antibody 
complex may trigger massive inflammation. Antigens that trigger allergie 
reaetions are often ealled allergens. 




Sensitization to an allergen dnring the initial 
exposure leads to the production of large 
quantities of IgE. The tendeney to prodnee IgE 
antibodies in response to speeifie allergens may 
be genetieally determined. 


2 


Immedíate hypersensitivity is a rapid and 
espeeially severe response to the presenee of 


an antigen. One form, allergie rhinitis, inelndes 
hay fever and other environmental allergies and 
may affeet 15 pereent of the U.S. popnlation. 
Allergie rhinitis, eharaeterized by inflammation of 
the nasal membranes, is one example of a hyper- 
sensitivity reaetion that is restrieted to the body 
snrfaee. If the allergen enters the bloodstream, 
however, the response could be lethal. In anaphy- 
laxis (an-a-fi-LAK-sis; ana~, again + phylaxis, 
proteetion), a eirenlating allergen affeets mast eells 
throughout the body. In severe eases extensive 
peripheral vasodilation occurs, producing a fall 
in blood pressnre that ean lead to a eirenlatory 
eollapse. This response is ealled anaphylaetie 
shoek. 


Fìrst Exposure 


Allergen fragment 



Allergens 



Maerophage 


B eell sensitization 
and aetivation 




Plasma eell 



IgEantibodies 

V V 



Th eell aetivation 



Subsequent 

Exposure 


Massive 
stimulation of 
mast eells 
and basophils 


Y 



IgE 

Granules 


▼ ▼ ▼ 

Release of histamines, leukotrienes, 
and other ehemieals that 
cause pain and inflammation 



Loealized Allergíe Reaetíons 

Systemíe Allergie Reaetions 

If the allergen is at the body 
surface: loealized inflammation, 
pain, and itehing 

Example: allergie rhinitis 

If the allergen is in the 
bloodstream: itehing, swelling, 
and difficulty breathing (due to 
airway eonstrietion) 

Example: anaphylaxis 


Modyle 20.19 Revíew 


a. Defineallergy and allergen. 

b. What is anaphylaxis? 

e. Which ehemiealsdo masteellsand 
basophils release when stimulated in 
an allergie reaetion? 


20.19 Explain allergies, anaphylaxis, and the role of antibodies in eaeh. 
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Module 20.20 


w 


Innate and adaptìve ìmmnnìty 

work together to defeat pathogens 



This ílowchart depiets the 
relationships among the 
responses of innate and adaptive 
immnnity to antigens. 





Antìgens 

ri 


Trigger 


Innate (Nonspeeífíe) Immyníty 




eomplement 

system 


NKeells 

Maerophages 


Antigen 
presentation 
by APCs 


V 


Adaptíve (Speeífíe) lmmuníty 




Aetivatíon by Class I MHC Proteíns 

(Cell-Medìated) 


Aetívatíon by Class II MHC Proteíns 


(Antìbody-Medíated) 


Antígen and 
eiass I MHC 
Protein 



indieates thatthe 
eell is infeeted or 
otherwise abnormal 


CD8T eells 



Attaek and 
destroy infeeted 


Await 

reappearanee 


and abnormal eells oftheantigen 
displaying antigen 



Moderate immune 
response byT eells 

and B eells 

11 
11 


Ih 


Inhibition 


Direet physieal 
and ehemieal 
attaek 


11 
■ I 
I 
I 


Inhibition 


Antígen and 
eiass II MHC 
Protein 


indieates the 
presenee of 
pathogens, 
toxins, or foreign 
proteins 



CD4T eells 


Stimulate immune 
response byT eells 
and B eells 


Await 

reappearanee of 
the antigen 




Direet physieal 
and ehemieal 
attaek 


Attaek by 

circulating 

proteins 









S 


Destructìon 
of Antìgens 


S 


-II 


Aetivation 
of B eells 



Production of 
memory B eells 



Production of 
plasma eells 







/ 


* 



Seeretion of 
antibodies 
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2 


This illustration provides an overview 


of the course of events responsible for 
overeoming a baeterial infeetion. The most 
effeetive defenses against baeteria involve 
phagoeytosis and antigen presentation by APCs. 


3 


The basie sequence of events following 
a viral infeetion differs from those of a 


baeterial infeetion beeanse cytotoxic T eells 
and NK eells ean be aetivated by direet 
eontaet with virus-infected eells. 



Phagoeytosis by 
maerophages and APCs 




Antigen 

presentation 



Aetivation of 
cytotoxicT eells 


Aetivation of 
helperT eells 




Aetivation 
of B eells 




Destruction of baeteria by 
eell lysis or phagoeytosis 




Release of 
interferons 



Appearanee of antigen 
in plasma membrane 




inereased 
resistanee to 
viral infeetion 
and spread 


Stimulation 
of NK eells 


Aetivation of 
cytotoxicT eells 


Destruction of 
virus-infected eells 


infeetion of 


infeetion of or uptake 

tissue eells 


by APCs 



Antigen presentation 



Aetivation of 
helperT eells 



Aetivation of B eells 



Antibody production 
by plasma eells 



Destruction of 
viruses or 
prevention of 
virus entry into eells 


IVIodule 20.20 Revìew 


a. Identify the type ofT eell whose plasma membrane 
eontains CD8 markers and the type with CD4 markers. 

b. VVhieh eells produceantibodies? 

e. VVhieh eells ean be aetivated by direet eontaet with 
virus-infected eells? 


(S) 20.20 Summarize the integration of innate and adaptive immunity. 
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IVIodule 20.21 


CLINICAL MODULE 


+ 


r 


lnrimune disorders involving both overaetivity 
and underactivity ean be harmful 


Excessíve or Mìsdìreeted lmmune Response 


Autoimmune Dísorders 


Autoimmune disorders affeet an estimated 5 pereent of adults 
in North Ameriea and Europe. The immune system usually 
reeognizes but ignores self-antigens—normal antigens found 
in the body. When the reeognition system malfunctions, 
however, aetivated B eells may make antibodies against 
normal body eells and tissues. These “misguided” antibodies 
are ealled autoantíbodíes. The eondition produced depends 
on the speeifie antigen attaeked by autoantibodies. Examples 
include the following: 

♦ Thyroiditis is inflammation resulting from the release of 
autoantibodies against thyroglobulin. 


♦ Rhenmatoid arthritis 

occurs when antoanti- 
bodies form immune 
complexes within 
eonneetive tissues 
around the joints. 
These complexes 
lead to an excessive 
immune response 
eharaeterized by 
marked inflammation 
and eventually joint 
destruction. 



♦ Type 1 diabetes mellitus is generally caused by autoanti- 
bodies that attaek eells in the panereatie islets. 

Many autoimmune disorders appear to be eases of mistaken 
identity. Eor example, proteins assoeiated with the measles, 
Epstein-Barr, influenza, and other viruses eontain amino 
aeid sequences that are similar to those of myelin proteins. 
As a result, antibodies that target these viruses may also 
attaek myelin sheaths. This meehanism is likely responsible 
for multiple selerosis. Eor unknown reasons, the risk of 
autoimmune disorders inereases if a person has an unusual 
type of MHC protein. At least 50 elinieal eonditions have 
been linked to speeifie variations in MHC structure. 


Graft Rejeetion 

After organ transplant surgery, the major problem is graft 
rejeetion. In graft rejeetion, T eells are aetivated by eontaet 
with MHC proteins on plasma membranes in the donated 
tissues. The cytotoxic T eells that develop then attaek and 
destroy the foreign eells. Signifieant improvements in transplant 
success ean be made by immunosuppression, a partial or 
eomplete reduction of the immune response. An understanding 
of the communication among T eells, maerophages, and B eells 
has led to the development of drugs with more seleetive effeets. 
Cyclosporin A, a compound derived from a fungus, was the 
most important immunosuppressive drug developed in the 1980s. 
This compound 
suppresses the 
immune response 
primarily by 
inhibiting helper 
T eell aetivity while 
leaving suppressor 
T eells relatively 
unaffected. 



Allergies 

The effeets of the many 
forms of allergies range 
from mild to potentially 
lethal (Module 20.19). 
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Inadequate lmmune Response 


lmmunodeficiency Diseases 

Immunodeficiency diseases result from (1) problems with the 
embryonie development of lymphoid organs and tissues; 

(2) an infeetion with a virus that depresses immune fnnetion; or 

(3) treatment with, or exposure to, immunosuppressive agents, 
such as radiation or drugs. Acquired immunodeficiency 
syndrome (AIDS), the most eommon immnnodefieieney 
disease, is caused by the human immnnodefieieney virus 
(HIV). The virus binds to CD4 proteins and infeets helper T 
eells. The infeeted eells begin synthesizing viral proteins, and 
these new virnses are then shed from the eell snrfaee. Cells 
infeeted with HIV are nltimately destroyed by either the virus 
or immune defenses. The gradnal destrnetion of helper T eells 
impairs both eell-mediated and antibody-mediated responses to 
antigens. Making matters worse, snppressor T eells are relatively 
nnaffeeted by the virus, and over time the excess of snppressing 
faetors “turns off” the normal immune response. Circulating 
antibody levels deeline, eell-mediated immnnity is redneed, and 
the body is left vnlnerable to mierobial invaders. With immune 
fnnetion snppressed, ordinarily harmless mieroorganisms ean 
initiate lethal opportunistic infeetions. Beeanse immune 
snrveillanee is also depressed, the risk of eaneer inereases. 
infeetion with HIV occurs through intimate eontaet with the 
body fluids of infeeted individnals. An estimated 33 million 
people are infeeted worldwide; 22 million of them are in 
sub-Saharan Afriea, and 1.2 million in North Ameriea. AIDS 
causes about 17,000 deaths eaeh year in the United States, and 

2 million deaths worldwide. 



HIV (green) budding from an infeetedlH eell SEM X 40,000 


Age-Related Reductions ín lmmune Aetívíty 

As we age, the immune system beeomes less effeetive at 
eombating disease. T eells beeome less responsive to 
antigens, so fewer cytotoxic T eells respond to an infeetion. 
This effeet may, at least in part, be assoeiated with the 
gradnal involntion of the thymus and a rednetion in 
eirenlating levels of thymie hormones. Beeanse the number 
of helper T eells is also reduced, B eells are less responsive, 
so antibody levels do not rise as quickly after antigen 
exposure. The net result is an inereased snseeptibility to 
viral and baeterial infeetions. For this reason, vaeeinations 
for acute viral diseases such as the flu (influenza), and for 
pnenmoeoeeal pnenmonia, are strongly reeommended for 
elderly people. The inereased ineidenee of eaneer in the 
elderly refleets the faet that immune snrveillanee deelines, 
so tumor eells are not eliminated as effeetively. 



Modyle 20.21 Revíew 


a. Defineautoimmunedisorders. 

b. Deseribe immunosuppression. 

e. Provide a plausible explanation for the 
inereased ineidenee of eaneer in the 
elderly. 


20.21 Explain autoimmune disorders, graft rejeetion, and immunodefìciency 
diseases, and deseribe age-related ehanges in the immune response. 
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SECTION 3 Revíew 

L 


Matehíng 


Mateh eaeh lettered term with the most elosely related deseription. 


a. opsonization 

b. helperTeells 
e. antibody 

d. eiass II MHC 






Two parallel pairs of polypeptide ehains 
Found on helperTeells 
Aetive and passive 
Transfer of antibodies 


e. costimulation 

f. IgM 

g. eiass I MHC 

h. IgG 

i. passive immunity 

j. anaphylaxis 

k. CD4markers 

l. acquired immunity 

m. B lymphoeytes 


5 

■ 

6 

■ 

7 



Attaeked by HIV 
Enhanees phagoeytosis 

MHC proteins present in the plasma 
membranes of all nucleated eells 

Differentiate into memory and plasma eells 



10 

11 

12 

13 


MHC proteins present in the plasma 
membranes of all APCs and lymphoeytes 

Antibodies used to determine blood type 

Seeondary binding proeess required forT eell aetivation 

Accounts for 80 pereent of all immunoglobulins 

Circulating allergen stimulates mast eells throughout body 


1 

■ 

2 

■ 

3 

■ 

4 

■ 

5 

■ 

6 

I 

7 




10 

11 

12 

13 


Mateh eaeh lettered term with the most 
elosely related deseription. 


a. cytotoxicT eells 

b. viruses 
e. Beells 

d. antibodies 

e. helperT eells 

f. maerophages 

g. natural killer (NK) eells 

h. suppressorTeells 

i. memoryT eells and B eells 



The raee is on: 



14 


try to replieate before the 
immane system ean moant 
a response. Two have 
already taken over eells in 
the body. 



17 


are Y-shaped proteins 
designed speeifieally to 
reeognize a partiealar viral 
or baeterial invader; they 
bind to itand neatralize it. 




20 


wage ehemieal warfare on 
virus-infected eells by 
releasing lethal proteins. 




15 


gaiekly reeognize the virases 
as a foreign threat. They 
begin destroying virases by 
engalfing them. 





18 


matare into plasma eells, 
which in turn produce 
Y-shaped proteins. 



As the body begins to 
conquer the viruses, 


21 



help the immune system 
gear down. Otherwise, the 
immune response might 
attaek the body. 


Stimalated by the release of 
eytokines from maerophages, 
helper Teells, and interferons. 



16 


join the attaek on virus- 
infeeted eells. Theyalso 
fight eaneer eells. 





(the battle managers ofthe 
immune system) emit sig- 
nals to other lymphoeytes 
to join the attaek. 


rr 



' 1 


j 


r 



As the virases are being 
defeated, the body ereates 


22 



r. 


to circulate permanently in 
the bloodstream, ensuring 
that next time, that partiealar 
virus will be swiftly conquered. 
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GHAPTER 20 REVIEVV • The Lymphatíe System and lminuníty 



Study Outlìne 


^ SEGTION 1 


Anatomy of the Lymphatìe System 



The lymphatìe system eonsìsts of lymphatìe vessels, nodes, 
and lymphoìd tìssue p. 741 


1. The lymphatie system includes eells, tissues, and organs 
that provide ìmmunìty (the ability to defend the body 
against infeetion, illness, and disease) and return interstitial 
fluid to the bloodstream. 


2. Lymphoeytes are the eells of the lymphatie system.They 
are surrounded by lymph, interstitial fluid that has entered 
a lymphatie vessel. 

3. Lymphatíes (lymphatíe vessels) are vessels that begin in 
the peripheral tissues and end at veins. 

4. Prìmary lymphoíd tìssues and organs are where 
lymphoeytes form and mature and include the red bone 
marrow and the thymus gland. 

5. Seeondary lymphoìd tìssues and organs are where 
lymphoeytes are aetivated and eloned and include the 
lymph nodes, tonsils, mucosa-associated lymphoid 
tissue (MALT), appendix and spleen. 


20 . 2 ] 


Interstìtìal fluìd flows contìnuously ìnto lymphatìe 
eaplllarles and exlts tlssues as lymph In lymphatle vessels 

p. 742 

6. Lymphatìe vessels begin as lymphatìe eapìllarìes and 

earry lymph from the peripheral tissues to the venous 
system. 


7. Lymphatie eapillaries differ from blood eapillaries.They 
originate at poekets rather than from continuous tubes, are 
larger in diameter, have thinner walls, and have a flattened 
or irregular outline in seetional view. 



Valve in a lymphatie vessel 


12. The left bronehomedíastinal trunk, the left subclavían 
trunk, and the left jugular trunk merge to form the 
thoraeie duct. It then empties into the left subclavian vein. 

13. Bloekage of lymphatie drainage ean cause lymphedema. 


20.4 


Lymphoeytes are responslble for the lmmune functlons of 

the lymphatle system p. 746 

14. Lymphoeytes make up 20-40 pereent of the circulating 
leukocyte population, yet circulating lymphoeytes are only 
a fraetion of the total lymphoeyte population. 

15. Three elasses of lymphoeytes circulate in the blood (T eells, 
B eells, NK eells), and they are all sensitive to antìgens 
that ean stimulate the immune system. 

16. Lymphopoìesìs (lymphoeyte production) involves red 
bone marrow, thymus, and peripheral lymphoid tissues. 


20.5 

J 


Lymphoeytes aggregate wlthln lymphold tlssues and 
lymphold organs p. 748 


17. Lymphoíd tíssues are eonneetive tissues dominated by 
lymphoeytes. 

18. In a lymphoíd nodule the lymphoeytes are densely 
paeked in areolar tissues. In eontrast, lymphoìd organs 
(lymph nodes, the thymus, and spleen) are surrounded by 
a fibrous eonneetive tissue capsule. 

19. Aggregated lymphoíd nodules such as Peyer's patehes 
are found in the small intestine. 


20. Tonsíls are large lymphoid nodules. A single pharyngeal 
tonsil (adenoid) is loeated in the posterior wall of the 
nasopharynx. Paired palatìne and lìngual tonsìls are 
loeated in the oral eavity. 

21. Lymph nodes, or lymph glands, are small lymphoid 
organs shaped like a kidney bean.They deteet pathogens 
before they reaeh vital organs. 

22. Afferent lymphatíes bring lymph to the lymph node on 
the side opposite the hìlum. Efferent lymphatìes exit at 
the hilum, along with blood vessels and nerves. 


20.6 


The thymus ìs a lymphoìd organ that produces functìonal 
T eells p. 750 

23. The thymus produces a eolleetion of hormones ealled 
thymosìns that are important to the development of T 
eells. 


8. Like veins, larger lymphatie vessels have valves. 

9. Laeteals are prominent lymphatie eapillaries in the small 
intestine. 


20.3] 


Small lymphatìe vessels eonverge to form lymphatìe ducts 
that empty ìnto the subclavìan veìns p. 744 


10. The lymph from lymphatie eapillaries flows into either 

superficìal or deep lymphatìes that eonverge to form 
lymphatìe trunks. The lymphatie trunks empty into either 

the thoraeìe duct or rìght lymphatíe duct. 

11. The rìght Jugular trunk, ríght subclavían trunk, and 
ríght bronehomedìastínal trunk merge to form the right 
lymphatie duct. It then empties into the right subclavian vein. 
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GHAPTER 20 REVIEVV • The Lymphatíe System and lininuníty (continued) 


24. The thymus undergoes ìnvolutìon with aging.This proeess 
is assoeiated with inereased susceptibility to disease. 

25. The thymus is loeated in the mediastinum, posterior to the 
sternum. It has right and left lobes, and lobules that are 
divided by septa. 

26. The thymus has a dark outer cortex and lighter eentral 
medolla. Lymphoeytes in the cortex are in clusters and 
surrounded by thymìe epíthelìal eells (TECs). These eells 
maintain the blood-thymus barrier. 


20.1 OJ 


NK eells perform ìmmune surveìllance, deteetìng and 
destroyìng abnormal eells p. 758 


38. Natural kìller (NK) eells reeognize and destroy abnormal 
eells. Gonstant monitoring by NK eells is ealled ìmmune 
surveìllance. Many eaneer eells have tumor-specífìc 
antìgens on their plasma membranes that NK eells 
reeognize as abnormal. 

39. Ganeer eells often mutate and avoid NK eell deteetion, in a 
proeess ealled ìmmunologícal eseape. 


20.7] 


The spleen, the largest lymphoìd organ, responds to 
antìgens ìn the bloodstream p. 752 


27. The spleen functions to (1) remove abnormal blood eells 
and other blood eomponents by phagoeytosis, ( 2 ) store 
iron reeyeled from red blood eells, and (3) initiate immune 
responses by B eells and T eells. 


20.11 j 


Interferons and the eomplement system are dìstrìbuted 
wìdely ìn body fluìds p. 760 


40. Interferons (IFNs) are proteins released by aetivated 
lymphoeytes and maerophages, and by eells infeeted with 
viruses. 


28. The spleen is loeated on the left side of the body at the 
level of the 9th and 1 1 th ribs. It is attaehed to the stomaeh 

by the gastrospleníe lígament. 


41. Interferons bind to surface reeeptors, and through seeond 
messengers, triggerthe production of antiviral proteins in 
the eytoplasm. 


29. A spleneetomy is the removal of the spleen due to injury. 

30. The víseeral surface (medial) eontains indentations from 
the stomaeh (gastrìe area) and kidney (renal area). 

31. Red pulp eontains red blood eells, and whíte pulp 
resembles lymphoid nodules and eontains lymphoeytes. 


42. Interferons are examples of eytokines, ehemieals released 
by eells to eoordinate loeal aetivities. 

43. Interferon alpha (a) is produced by eells infeeted 
with viruses and attraets NK eells. Interferon beta ((3) is 
seereted by fibroblasts and slows inflammation. Interferon 
gamma ( 7 ) is seereted byT eells and NK eells and 
stimulates maerophage aetivity. 


SEGTION 2 • Innate lmmunìty 


20.8 


Innate ìmmunìty ìs nonspeeìfìe and ìs not stìmulated by 
speeífìe antígens p. 755 

32. Two eomplementary 
meehanisms 
proteet the human 
body from disease: 
ìnnate (nonspeeifie) 
ìmmuníty, and 
adaptìve (speeifie) 
ìmmuníty. 

33. Innate defenses 

do not distinguish 
one type of threat 
from another, and 
are the following: 

physìeal barríers, 
phagoeytes, 
ìmmune 
surveìllance, 
ìnterferons, 

eomplement, ìnflammatìon, and fever. 

34. Adaptíve defenses proteet against particular threats.This 
is known as adaptive immunity or speeífìe resístanee. 


44. The eomplement system eomplements the aetions of 
antibodies.There are two possible pathways: the elassìeal 
pathway and the alternatìve pathway. 


20.12 



Inflammatìon ìs a loealìzed tìssue response to ìnjury; fever 
ìs a generalìzed response to tìssue damage and ìnfeetìon 

p. 762 

45. Inflammatìon, or the ínflammatory response, is a 

loealized tissue response to injury that produces redness, 
swelling, heat, and pain. 

46. Fever, a body temperature greater than 37.2°C (99°F), is 
caused by circulating proteins ealled pyrogens that reset 
the thermostat in the hypothalamus. 

47. Fever ean be benefieial in that it inhibits some viruses and 
baeteria; it also inereases metabolie rate. 


SEGTION 3 • Adaptìve lmmunìty 


20.13 


Adaptìve ìmmunìty provìdes the body's speeìfìe defenses 

p. 765 

48. Adaptíve (speeìfìe) ímmunìty is eoordinated and 
produced by T eells and B eells. Vaeeínes stimulate an 
immune response by producing antibodies to a speeifie 
disease. 


20.9 


W 


Physìeal barrìers prevent pathogens and toxìns from 
enterìng body tìssues, and phagoeytes provìde the next 
lìne of defense p. 756 


35. The integumentary system provides the major physieal 
barrier to the external environment. 


36. The epithelia lining the digestive, respiratory, urinary, and 
reproductive traets also provide a barrier. 

37. Phagoeytes (neutrophíls, eosìnophíls, and fìxed and 
free maerophages) remove cellular debris and respond to 
foreign substances and pathogens. 


49. Two types of adaptive (speeifie) immunity are aetìve 
ìmmuníty (which appears after exposure to an antigen) 
and passíve ímmunìty (produced by the transfer of 
antibodies from another source). 

50. Adaptive immunity exhibits four general properties: 

speeìfìeíty, versatìlíty, ìmmunologìc memory, and 
toleranee. 

51. Memory eells enable the immune system to"remember" 
previous target antigens. 
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20.14J 


Adaptìve ìmmunìty ìs trìggered by exposure of T eells and 
B eeíls to speeìfìe antìgens p. 766 


52. The first step in triggering an imnnyne response is antìgen 
presentatìon. 





If a eell-mediated 
response is 
triggered, 
phagoeytes and 
thenT eells will 
be aetivated.The 
aetivatedT eells 
will attackthrough 
phagoeytosis or 
ehemieal toxins. 

If an antibody- 
mediated response 
is triggered, B eells 
will form antibody- 
producing eells 
whose products will 
destroy the antigen. 



Antigen presentation 
occurs when an 
antigen is attaehed to a Class IMHC proteìn or Class II MHe 
proteín displayed on the plasma membrane of an infeeted 
eell or antìgen-presentìng eells (APCs), respeetively. 


66 . The eytokines continue stimulation of the aetivated B eell 
causing it to divide into either memory B eells or plasma 
eells. The memory B eells remain in reserve to deaí with 
subsequent infeetions.The plasma eells seerete antibodies. 


20.17] 


Antìbodìes are small soluble proteìns that bìnd to speeìfìe 
antìgens; they may ìnaetìvate the antìgens or trìgger 
another defensìve proeess p. 772 


67. An antibody molecule eontains two parallel pairs of 
polypeptide ehains: one pair of heavy ehaìns and one 
pair of Ìight ehaìns. Eaeh ehain eontains eonstant and 
varíable segments. 

68 . An antibody molecule binds to an antigen at antígeníe 
determínant sìtes forming an antìgen-antìbody 
complex. 

69. There are five different elasses of antibodies, or 
ímmunoglobulíns (Igs), determined by structure.These 
elasses are IgG, IgE, IgD, IgM, and IgA. 

70. During the prìmary response, the eoneentration of 
antibodies in the bíood (antìbody tìter) does not peak 
until 1 or 2 weeks after initial exposure. 

71. When an antigen is encountered a seeond time, a 
more extensive and prolonged seeondary response 
occurs. Antibody levels inerease more rapidly and reaeh 
much higher levels than they did during the primary 
response. 


20.15 


infeeted eells stìmulate the formatìon and dìvìsìon of 
cytotoxìcT eells, memoryT^; eells, and suppressor T eells 

p. 768 


56. T eells have reeeptors for either Class I or Class II MHC 
proteins. Antígen reeognìtìon will occur only if the MHC 
protein presents the antigen to a T eell that ean deteet it. 

57. There are many CD (cluster of differentiation) markers. 
CD8 and CD4 markers are two important membrane 
proteins involved in antigen reeognition. 

58. CD8 markers are found on CD8 eells.These eells respond 
to antigens presented by Class I MHC proteins.They 
provide eell-mediated immunity. 

59. CD4 markers are found on CD4 eells.These eells respond 
to antigens presented by Class II MHC proteins. 

60. Before aetivation ean occur, aT eell undergoes a proeess 
ealled costimulatíon, a proeess that prevents T eells from 
mistakenly attaeking normal body eells. 

61. Following aetivation CD8T eells will divide and then 
differentiate into three types of CD8T eells: cytotoxicT 
(Tq) eells, memoryTe eells, and suppressorT (T^) eells. 


20.16] 


Antìgen-presentìng eells ean stìmulate aetìvatìon of 
CD4T eells, producìng helper T eells that promote B eell 
aetìvatìon and antìbody productìon p. 770 


62. For CD4T eells to initiate antibody-mediated immunity, 
they must be exposed to antigen-bearing Class II MHC 
proteins. Costimulation then eompletes their aetivation. 

63. Llpon aetivation, CD4T eells divide and differentiate into 

aetive helperT eells (T^ eells) and memory 7^ eells. 

64. B eells prepare for aetivation by presenting an antigen 
bound to eiass II MHC proteins in a proeess ealled 

sensitization. 


65. A sensitized B eell must encounter a helperT eell that was 
aetivated by the same antigen. When these two eells bind, 
the aetive helperT eell seeretes eytokines. 


20.18 

J 


Antìbodìes use many dìfferent meehanìsms to destroy 
target antìgens p. 774 


72. An antigen-antibody complex may eliminate an antigen 
in seven ways: neutralization, prevention of pathogen 
adhesion, aetivation of eompíement, opsonization, 
attraetion of phagoeytes, stimulation of inflammation, 
and preeipitation and agglutination. 


20.19] 


Allergìes and anaphylaxìs are antìbody responses 


p. 775 


73. Allergies are inappropriate or excessive immune 
responses to antigens. Antigens that trigger allergie 
reaetions are ealled allergens. 

74. An allergen entering the bloodstream could be lethal, 
as in anaphylaxis, when an allergen affeets mast eells 
throughout the body. In severe eases, circulatory 
eollapse is possible, in a response ealled anaphylaetie 
shoek. 


20.20 


r 


Innate and adaptìve ìmmunìty work together to defeat 
pathogens p. 776 


75. Elements of innate and adaptive immunity work together 
in a eoordinated response to antigens. 


20.21 ] 


lmmune dìsorders ìnvolvìng both overaetìvìty and 
underactìvìty ean be harmful p. 778 


76. Immune disorders of excessive or misdireeted response 
include autoimmune disorders (thyroiditis, rheumatoid 
arthritis, and Type 1 diabetes mellitus), graft rejeetion, 
and allergies. 

77. Immune disorders of inadequate immune response 
include immunodefìciency diseases (such as acquired 
immunodefìciency syndrome, or AIDS, which is caused 
by the human immunodefìciency virus, or HIV), and 

age-related reductions in immune aetivity. 
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GHAPTER 20 REVIEVV • The Lymphatíe System and lininuníty (continued) 


ehapter Revìevv Questíons 


Labelìng 


Label the antibody 
molecule shown here. 




True/False 


indieate whether eaeh statement is true or false. 






One differenee between lymphatie vessels and veins is that 
lymphatie vessels do not have valves. 

Lymphopoiesis occurs exclusively in lymphoid tissue. 

Efferent lymphaties arise from the hilum of a lymph node. 

A deerease in circulating pyrogens results in an inerease in 
body temperature. 

Antibody molecules eonsist of four pairs of heavy ehains 
and four pairs of light ehains. 

Llnder stimulation from eytokines, B eells ean differentiate 
into plasma eells. 






IVIultiple ehoiee 


Seleet the eorreet answer from the list provided. 



Lymph from the left arm, the left half of the head, the left side of the 
body superior to the diaphragm, and the entire body inferior to the 
diaphragm is reeeived by the 

Q a) thoraeie duct. 

Q b) eisterna ehyli. 

Q e) azygos vein. 

Q d) left lymphatie duct. 



CD4T eells respond to antigens presented by 

□ a)ClasslMHC. 

□ b)ClassllMHC. 

Q e) eytokines. 

Q d) plasma eells. 



Interferons inerease resistanee of eells to 

Q a) fungal infeetions. 

Q b) baeterial infeetions. 

Q e) viral infeetions. 

Q d) eaneer. 



VVhieh of the following immunoglobulins accounts for 80 pereent of 
all antibodies? 

□ a) IgG 

□ b) IgE 

□ c)lgD 

□ d) IgM 
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The adenoid is also known as the 


The homan immunodeficiency virus (HIV) infeets which of the 
following eells? 

Q a) suppressorT eells 

Q b) memoryTeells 

Q e) helperTeells 

Q d) cytotoxicT eells 



VVhieh of the following is not a phagoeyte? 

Q a) neutrophil 
Q b) monoeyte 
Q e) free maerophage 
Q d) natural killer eell 


Q a) pharyngeal tonsil. 
Q b) palatine tonsil. 

Q e) lingual tonsil. 

Q d) Peyer's pateh. 



The gradual deerease in seeretions and size of this organ with age 
is eorrelated with an inereased susceptibility to disease. 

Q a) spleen 

Q b) thymus 

Q c)tonsils 

Q d) appendix 


Short answer 



VVhat is graft rejeetion? 



How does a cytotoxicT eell (T^ eell) destroy its target eell? 



VVhy is it neeessary for eertain vaeeinations, such as hepatitis B, to be 
administered as a series of injeetions over a period of months? 


MasteringA&P® 

Aeeess more ehapter study tools online in the MasteringA&P Study Area: 

■ ehapter Quízzes, Ghapter PraetieeTest, Art-labeling Aetivities, 
Animations, MP3 Tutor Sessíons, and Glinieal Case Studíes 


■ Praetiee Anatomy Lab 

PAL 

■ interaetive Physiology 

ip. 

■ A&P Flix 

AáPFIÌje 

■ PhysioEx 

PhysioEx 


ehapter Integratíon • Applyíng what you have learned 


eatehíng ehildhood diseases in adulthood 

The varieella-zoster virus (VZV) causes chickenpox (varieella) and shingles (herpes 
zoster). Chickenpox is a eommon ehildhood disease eharaeterized by small, itehy 
blisters, fever, fatigne, and headaehe. Shingles is caused by a reaetivation of VZV 
later in life. The Genters for Disease Gontrol and Prevention (CDC) reeommends 
that people aged 19-49 who had chickenpox earlier in life reeeive the chickenpox 
vaeeine to prevent shingles. The CDC also reeommends the shingles vaeeine, 
Zostavax, for people 60 years old and older to prevent shingles. 

A 20-year-old stndent diseovers that she has been exposed to chickenpox 
by her twin nieees and is eoneerned that she might have eontraeted the disease. 
She goes to see her physieian, who takes a blood sample and sends it to a lab for 
antibody titers. The resnlts reveal an elevated level of IgM antibodies to the VZV 
but very few IgG antibodies to the virus. 



1 

■ 

2 

■ 

3 

■ 

4 


Has this student eome down with chickenpox? 

Who is susceptible to eontraeting chickenpox? 

What is the causative agent to chickenpox and for shingles? 
Dístínguish between IgM and IgG antibodies. 




Explain how antigenie speeifieity of antibodies is possible. 

Gompare the primary and seeondary immune responses as they 
pertain to IgM and IgG. 

Administration of the chickenpox vaeeine eonfers what type of 
immunity? 


ehapter20 Review • 785 






































SECTION 1 * Anatomy of the Respíratory System 


These Learning 
Onteomes 
eorrespond 
bynnmberto 
this ehapter's 
modnles and 
indieate what 
you should be 
able to do after 
eompleting 
the ehapter. 

V J 



21.3 


w 


21.4 J 



Identify the structures of the respiratory system, and list its major functions. 

Explain how the delieate respiratory exchange surfaces are proteeted from pathogens, 
debris, and other hazards, and deseribe eystie fibrosis. 

Identify the organs and structures of the upper respiratory system, and deseribe their 
functions. 

Deseribe the structure of the larynx, and discuss its role in normal breathing and in the 
production of sound. 

Discuss the structures and functions of the airways outside and inside the lungs. 
Deseribe the superficial anatomy of the lungs. 

Deseribe the structure of a pulmonary lobule and the functional anatomy of the alveoli. 


SECTION2 • Respìratory Physìology 


(S) 

Learning Onteomes 
arerepeated atthe 
bottomofeaeh 
module. 



21.16 

21.17 

21.18 


Deseribe external respiration and internal respiration. 

Summarize the physieal prineiples governing the movement of air into and out of the 
lungs. 

Name the respiratory muscles, and deseribe the aetions of the muscles responsible for 
respiratory movements. 

Explain how respiratory rate and tidal volume affeet pulmonary and alveolar ventilation. 

Summarize the physieal prineiples governing the diffusion of gases into and out of the 
blood. 



Discuss the structure and function of hemoglobin, explain the oxygen-hemoglobin 
saturation curve, and deseribe the role of 2,3-bisphosphoglyeerate. 

Deseribe how earbon dioxide is transported in the blood, and explain how oxygen is 
pieked up, transported, and released into the bloodstream. 

CUNICALMODULE Explain how 
pulmonary disease affeets eomplianee 
and resistanee. 

Deseribe the brain stem structures that 
influence the eontrol of respiration. 

Identify and discuss reflex respiratory 
aetivity in pulmonary ventilation. 

CLINICALMODULE Deseribeage- 
related ehanges to, and the effeets of 
eigarette smoking on, the respiratory 
system. 
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SEGTION 1 • Anatomy of the Respíratory System 


The respìratory system has an upper and lovver 
respiratory traet wíth dífferent functions 


The respiratory system is eomposed of structures involved in breathing, or 
pulmonary ventilation (airflow to and from the lungs), and gas exchange. In 
this seetion we eonsider this body system s structures and fnnetions. 



The respiratory system is anatomieally 
divided into an upper respiratory system 
and a lower respiratory system. The respiratory 
traet is a branehing passageway that earries air 
to and from the gas exchange snrfaees of the 
lungs. The traet is eomposed of a conducting 
portion and a respiratory portion. The 
eondneting portion begins at the nasal eavity 
and extends through the pharynx, larynx, traehea, 
bronehi, and larger bronehioles. The respiratory 
portion includes the smallest, most delieate 
bronehioles and the air-filled saes ealled alveoli 
(al-V£-ò-li). Gas exchange between air 
and blood occurs at the alveoli. 


Esophagus 


eiaviele 


Ribs 


Diaphragm 




The upper respìratory traet 

filters, warms, and humidifies 
ineoming air—proteeting the 
more delieate surfaces of the 
lower respiratory system—and 
reabsorbs heat and water from 
outgoing air. 


Nose 

Nasal eavity 
Paranasal sinuses 
Pharynx 



The lower respìratory traet 

conducts air to and from the gas 
exchange surfaces. 

Larynx 

Traehea 

Bronchus 

Bronehioles 

Smallest bronehioles 


Alveoli 




This table summarizes the major 
functions of the respiratory system. 


Functions of the Respiratory System 


• Providing an extensive surface area for gas exchange between air and circulating blood 

• Moving air to and from the exchange surfaces of the lungs along the respiratory 
passageways 

• Proteeting respiratory surfaces from dehydration, temperature ehanges, or other 
environmental variations, and defending the respiratory system and other tissues from 
invasion by pathogens 

• Producing sounds for speaking, singing, and other forms of communication 

• Faeilitating the deteetion of olfaetory stimuli by olfaetory reeeptors in the superior 
portions of the nasal eavity 


l\/lodule21.1 Revìew 


a. Define pulmonaryventilation. 

b. Distinguish between the conducting 
portion and respiratory portion of the 
respiratory traet. 

e. VVhere does gas exchange between air 
andthelungsoccur? 


(S) 21.1 Identify the structures of the respiratory system, and list its major functions. 
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Module21.2 

j 


The respiratory mucosa ìs proteeted 
by the respíratory defense system 

Debris or pathogens in inhaled air ean severely damage the 
delieate exchange snrfaees of the respiratory system. A series 
of filtration meehanisms that make up the respiratory defense 
system prevent such eontamination. 



The respiratory mucosa (mu-KO-suh) lines the 
eondneting portion of the respiratory traet. A 
psendostratified eiliated eolnmnar epithelinm with 
numerous mucous eells lines the nasal eavity, the 
snperior portion of the pharynx, and the traehea, 
bronehi, and large bronehioles. 


The beating of eilia sweeps nnucus and any 
trapped debris or mieroorganisms toward 
the pharynx, where they will be coughed 
out or swallowed and exposed to the aeids 
and enzymes of the stomaeh.This eiliary 
movement continuously eleans and proteets 
the respiratory surfaces.The flow of mucus is 
often deseribed as a imucus esealator. By the 
time air reaehes the respiratory portion of 
the traet, partieles larger than around 5 pm 
have been trapped and removed. 



l\/lucous eell 


Gliated columnar 
epithelial eell 

Mucus layer 



The lamìna proprìa (LAM-in-nuh PRO-prè-uh) is 
the underlying layer of areolar tissue that supports 
the respiratory epithelium. In the upper respiratory 
system, traehea, and bronehi, the lamina propria 
eontains mucous glands that diseharge seeretions 
onto the epithelial surface. 


2 


This seetional view of the 
respiratory mneosa shows 


the histologieal appearanee of 
the respiratory epithelinm. 


Nucleus of 
columnar 
epithelial eell 


Glia 






Mucous eells in the epithe- 
lium and mucous glands in 
the lamina propria produce 
a stieky mucus that bathes 
exposed surfaces. 


Lamina 

propria 


Basement membrane 


Stem eells in the epithelium 
divide to replaee damaged 
or aged eells. 
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The structure of 
the respiratory 


epithelium ehanges 
markedly along the 
respiratory traet. 








A respiratory mucosa, with 
mucous eells, lines the nasal 
eavity and the superior portion 
of the pharynx. 


A stratified squamous 
epithelium lines the inferior 
portions of the pharynx, 
proteeting the epithelium from 
abrasion and ehemieal attaek. 


A typieal respiratory mucosa 
lines the superior portion of 
the lower respiratory traet. 


In the narrower bronehioles, 
the epithelium beeomes 
cuboidal. 


The gas exchange surfaces 
eonsist of a delieate simple 
squamous epithelium. Here the 
distanee between the air and 
the blood in adjaeent eapillar- 
ies is generally less than 1 pm. 


4 


Gystie fibrosis (CF) is the most 
eommon lethal inherited disease 


among Caucasians of Northern Enropean 
deseent. It occurs at a frequency of 1 in 
2500 births. The most dangerons signs 
and symptoms result from the production 
of abnormally thiek and stieky mucus in 
eondneting portions of the respiratory 
traet. The respiratory defense system 
eannot transport such dense mucus, and 
it accumulates, restrieting airflow and 
possibly bloeking the smaller respiratory 
passageways. Potentially lethal infeetions 
may develop in the respiratory passageways 
and lungs if baeteria such as Psendomonas 
aemginosa eolonize the stagnant mucus. For 
people who have CF and live in the United 
States, the median predieted age of snrvival 
is the mid-30s. Death generally resnlts from 
heart failnre assoeiated with a massive 
ehronie baeterial infeetion of the lungs. 



l\/lodule 21.2 Revìew 


a. Define respiratory defense 
system. 

b. What membrane lines the 
conducting portion of the 
respiratory traet? 

e. Why ean eystie fìbrosis 
beeome lethal? 


21.2 Explain how the delieate respiratory exchange surfaces are proteeted 
from pathogens, debris, and other hazards, and deseribe eystie fibrosis. 
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Module21.3 


The upper respìratory system inemdes the nose, 
nasal eavity, paranasal sinuses, and pharynx 



The nose is the 
primary passageway 
for air entering the 
respiratory system when 
you are resting and 
breathing quietly. This 
anterior view shows the 
nasal eartilages and 
external landmarks. 



The two nasal bones form the brìdge of the nose or 
dorsum nasi. This is supported by the anterior portion 
of the nasal septum, which is formed of hyaline 
eartilage. 


Small, elastie nasal eartìlages extend laterally from 
the bridge of the nose.These eartilages help to keep 
the external nares open and prevent their eollapse 
during a strong inhalation. 


Air normally enters through the paired external nares 
(NA-res), or nostrils, which open into the nasal eavity. 


2 


Several important features of the nasal eavity ean be best seen in 
frontal seetion. The snperior, middle, and inferior nasal eonehae 


(singnlar, eoneha) projeet toward the nasal septum from the lateral 
walls of the nasal eavity. (Some referenees use the terms snperior, 
middle, and inferior tnrbinates) To pass from the external nares to 
the internal nares, air flows between adjaeent eonehae, throngh the 
superior, míddle, and inferior meatuses (mè-À-tus-ez; meatns, a 
passage). The ineoming air bonnees off the eonehal snrfaees and churns 
like a stream flowing over roeks. As the air swirls, small airborne 
partieles beeome trapped in the mucus that eoats the lining of the 
nasal eavity. In addition, the turbulence provides 
extra time for warming and hnmidifying 
ineoming air. It also ereates eirenlar air 
enrrents that bring olfaetory stimnli 
to the olfaetory reeeptors. 


Right eye 

Superior nasal eoneha 

Superior meatus 
Middle nasal eoneha 

Middle meatus 

Inferior nasal eoneha 

Inferior meatus 



Hard palate 
Tongue 





fi 






The maxillary, frontal, ethmoid, and sphenoid bones 
that form the lateral and superior walls of the nasal 
eavity eontain paranasal sínuses (Module 7.7, 
p. 245). The mucus produced in these sinuses, aided 
by tears draining through the nasolaerimal ducts, 
keep the surfaces of the nasal eavity moist and elean. 


Frontal sinus 
Ethmoid air eell 
Maxillary sinus 


Perpendicular 
plate of 
ethmoid bone 


Nasal Septum 


Vomer 


The nasal septum, formed by the 
fusion of the perpendicular plate 
of the ethmoid bone and the 
vomer, divides the nasal eavity 
into left and right portions. 
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Other features of the upper 


respiratory system are best 
seen in sagittal seetion. The larynx 
marks the beginning of the lower 
respiratory system. 


Pharynx 


The pharynx (FAR-inks) is a ehamber shared 
by the digestive and respiratory systems. The 
curving superior and posterior walls of the 
pharynx are elosely bound to the axial skeleton, 
but the lateral walls are flexible and muscular. 


The nasopharynx (nà-zó-FAR-inks) is the 
superior portion of the pharynx loeated 
between the soft palate and the internal nares. 
The nasopharyngeal meatus is the pharyngeal 
opening of the auditory tube that leads 
to the middle ear. 


The oropharynx (or/s, mouth) extends between 
the soft palate and the base of the tongue at 
the level of the hyoid bone. At the boundary 
between the nasopharynx and the oropharynx, 
the epithelium ehanges from pseudostratified 
columnarto stratified squamous epithelium. 


The narrow laryngopharynx 

(la-rin-gó-FAR-inks) includes that portion of 
the pharynx between the hyoid bone and the 
entranee to the larynx and esophagus. Like the 
oropharynx, the laryngopharynx is lined with a 
stratified squamous epithelium. 


The nasal eavity opens into 


the nasopharynx through 
a eonneetion known as the 

ìnternal nares. 


Nasal bone 


The nasal vestìbule is the 

spaee eontained within the 
flexible tissues of the nose. 
Its epithelium eontains 
eoarse hairs that extend 
aeross the external nares. 
Large airborne partieles are 
trapped in these hairs and 
are thereby prevented from 
entering the nasal eavity. 


External nares 


A bony hard palate forms 
the floor of the nasal eavity 
and separates it from the 
oral eavity. 


A fleshy soft palate extends 
posterior to the hard palate. 


Inhaled air leaves the pharynx 
and enters the larynx through a 
narrow opening of the glottís 
(GLOT-is). 


The larynx (LAR-inks) is a cartilaginous structure 
that surrounds and proteets the glottis. 


The traehea, or windpipe, conducts air toward 
the lungs. 


Throughout much of the nasal eavity, the lamina propria eontains an exten- 
sive network of highly expanclable veins that ean release heat like a radiator. 
As eool, dry air passes inward over the exposed snrfaees of the nasal eavity, 
the air warms and water in the mucus evaporates. Air moving from your 
nasal eavity to your lungs is thus heated almost to body temperature, and it 
is nearly satnrated with water vapor. This proteets more delieate respiratory 
snrfaees from ehilling or drying out. As air moves out of the respiratory 
traet, it again passes over the epithelinm of the nasal eavity. The air now is 
warmer and more humid than it was when it entered. The nasal mucosa 
reabsorbs the heat and water from the ontgoing air, thus reducing both heat 
loss and water loss to the environment. Breathing throngh your mouth 
eliminates much of the eonditioning of inhaled air and inereases heat and 
water loss at every exhalation. 


Modyle 21.3 Revíew 


a. List the structures ofthe upper 
respiratory system. 

b. Traee the pathway ofair as it enters the 
upper respiratory system. 

e. Why is the vascularization ofthe nasal 
eavity important? 


21.3 Identify the organs and structures of the upper 
respiratory system, and deseribe their functions. 
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Module21.4 


The larynx proteets the 
glottìs and produces sounds 



The larynx, sometimes 
ealled the “voiee box” 
eonsists of three large nnpaired 
eartilages and three small 
paired eartilages. 


Hyoid 

bone 



Ligannentous attaehments 

to hyoid bone 


Laryngeal 

prominenee 


Ligamentous attaehments 

to erieoid eartilage 


Traehea 



Large Cartilages of the Larynx 

The shoehorn-shaped epìglottis (ep-i-GLOT-is) 
projeets superiorto the glottis and forms a lid over 
it. During swallowing, the larynx is elevated and the 
epiglottis folds baek over the glottis, preventing the 
entry of both liquids and solid food into the respira- 
tory traet. 


The thyroid {thyroid, shield shaped) eartilage forms 
most of the anterior and lateral walls of the larynx.The 
prominent anterior surface of the thyroid eartilage, 
which you ean easily see and feel, is ealled the 
laryngeal prominenee, or Adam's apple. The superior 
surface has ligamentous attaehments to the hyoid 
bone, the epiglottis, and smaller laryngeal eartilages. 


Anterior view 


The erieoid (KRÌ-koyd; ring shaped) eartilage is a 
eomplete ring of eartilage with a narrow anterior band 
and broad posterior portion.Togetherthe erieoid and 
thyroid eartilages proteet the glottis and the entranee 
to the traehea, and their broad surfaces provide sites 
for the attaehment of important laryngeal muscles 
and ligaments. 


Hyoid bone 

Epiglottis 
Thyroid eartilage 

Corniculate eartilage 
Arytenoid eartilage 

Grieoid eartilage 

Traeheal 

eartilages 



Anterior 


Posterior 


Vestibular and 
Voeal Lìgaments 

The vestíbular 
lígaments and the 
voeal lígaments extend 

I 

i between the thyroid 
j eartilage and the 
arytenoid eartilages. 

i 

- Vestibular ligament- 

- Voeal ligament- 


Sagittal seetion 



Thyroid 

eartilage 

Arytenoid 

eartilage 

Grieoid 

eartilage 


Traeheal 

eartilages 


Posterior view 
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The eartilages of the larynx 
are isolated in this posterior 


view. Now the small laryngeal 
eartilages ean be seen in 
relationship to the larger, 
snpporting eartilages. 


Thyroid eartilage 



Small Laryneal Cartílages 


The cuneìform (kO-NÈ-i-form; wedge shaped) 
eartìlages are long and curved, and they lie within 
folds of tissue that extend between the lateral surface 
of eaeh arytenoid eartilage and the epiglottis. 


The cornículate (kor-NIK-u-lat; horn shaped) eartìlages 
articulate with the arytenoid eartilages.The corniculate 
and arytenoid eartilages function in the opening and 
elosing of the glottis and the production of sound. 


The small, paired arytenoìd (ar-i-TÈ-noyd; ladle 
shaped) eartìlages articulate with the superior surface 
of the erieoid eartilage. 


Air enters or leaves the larynx throngh the glottis. The glottis (GLOT-is) is made 
up of the voeal folds and the rima glottidis. The opening or elosing of the glottis 
involves rotational movements of the arytenoid eartilages. When the glottis is open, 
passing air vibrates its voeal folds, tissue folds that eontain the elastie voeal ligaments. 
The vibration of the voeal folds prodnees sound waves, and the piteh of the sound 
prodneed depends on the diameter, length, and tension in the voeal folds. The tension 
is eontrolled by the eontraetion of volnntary mnseles that reposition the arytenoid 
eartilages relative to the thyroid eartilage. These diagrammatie snperior views show 
the glottis in the open and elosed positions. 



Glottis 


The rima glottidis is the opening 
between the voeal folds and the 
arytenoid eartilages. 


The voeal folds, which eontain the 
voeal ligaments, lie inferior to the 
vestibular folds. The voeal folds are 
involved with the production of 
sound and are also known as the 
voeal eords. 



i 


Glottís (open) 


Corniculate eartilage 
Cuneiform eartilage 

Aryepiglottie 
fold 


Vestibular fold 


Epiglottis 


Root of tongue 




Glottís (elosed) 



Voeal folds of glottis 


The vestibular ligaments 
lie within a pair of 
relatively inelastie 
vestìbular folds. These 
folds help prevent 
foreign objeets from 
entering the glottis and 
eontaeting the more 
delieate voeal folds. 


4 


Sound production at the larynx is ealled phonatíon 
(fó-NÀ-shun; phone, voiee). Phonation is one 


eomponent of speeeh. However, elear speeeh also 
requires artienlation, the modifieation of those sounds 
by other structures, such as the tongue, teeth, and lips. 
In a stringed instrnment, such as a guitar, the quality 
of the sound prodneed does not depend solely on 
the nature of the vibrating string. Rather, the entire 
instrnment beeomes involved as the walls vibrate and 
the eomposite sound eehoes within the hollow body. 
Similar amplifieation and resonanee occur within 
your pharynx, oral eavity, nasal eavity, and paranasal 
sinnses. The eombination determines the partienlar 
and distinetive sound of your voiee. 



Moelyle 21.4 Revìew 


a. Identify the paired and unpaired 
eartilages that eompose the larynx. 

b. What are the highly elastie voeal folds 
of the glottis also ealled? 

e. Distinguish between phonation and 
articulation. 


21.4 Deseribe the structure of the larynx, and discuss its 
role in normal breathing and in the production of sound. 
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Module21.5 


r 


The traehea, bronehí, and bronehíal branehes eonvey 
aìr to and from lung gas exchange surfaces 



The traehea (TRÀ'kè-uh), or windpipe, is a tough, 
flexible tube with a diameter of about 2.5 em (1 in.) 
and a length of about 11 em (4.33 in.). It begins anterior 
to vertebra and ends in the mediastinnm, at the level 
of vertebra T 5 , where it branehes to form the right and 
left primary bronehi (BRONG-ki; singnlar, bronehns). 


The traehea eontains 
15-20 traeheal 
eartílages, which stiffen 
the traeheal walls and 
proteet the airway. They 
also prevent it from 
eollapsing or overex- 
panding as pressures 
ehange in the respiratory 
system. 


Hyoid bone 


The right primary 
bronchus is larger in 
diameter than the left. 


and deseends toward 
the lung at a steeper 
angle. Thus, most foreign 
objeets that enter the 
traehea find their way 
into the right bronchus 
ratherthan the left. 


Seeondary bronehi 



2 


This is a seetional view of the traehea. An elastie ligament 


and the traehealis muscle eonneet the ends of eaeh 
C-shaped traeheal eartilage. Gontraetion of the traehealis muscle 
reduces the diameter of the traehea, inereasing the resistanee to 
airflow. This allows air to be more foreefnlly expelled, such as 
when you cough. The diameter of the traehea ehanges from 
moment to moment, primarily under the eontrol of the sympa- 
thetie division of the ANS. Sympathetie stimnlation inereases the 
diameter of the traehea and makes 
it easier to move air along the 


respiratory passageways. 


Esophagus 



Seetional view of traehea 


LM X 3 


Left primary bronchus 


Because the traeheal 
eartilages are 
ineomplete posteri- 
orly, the posterior 
traeheal wall ean easily 
distort when large 
masses of food pass 
along the esophagus. 


The mucosa of the 
traehea resembles 
that of the nasal eavity 
and the nasopharynx. 


Thyroid gland 
Traeheal eartilage 


Right lung 


Left lung 



This flowchart indieates the general pattern of airflow 
in the eondneting portion of the respiratory traet. 


Aír-Conductìng Passageways ín the Lower Respíratory Traet 


The traehea is a 
single conducting 
tube, extending 
from the larynx to 
the mediastinum. 



The traehea branehes to 
form two primary bronehi, 
one for eaeh lung. Llnlike the 
C-shaped cartilaginous rings 
of the traehea, those of the 
primary bronehi form 
eomplete rings. 



After entering the lung, eaeh 
primary bronchus divides to 
form seeondary bronehì. The I 
right lung has three and the left 
lung has two.The seeondary 
bronehi are supported by small 
eartilage plates ratherthan rings. 


Eaeh seeondary 
bronchus divides to 
form tertìary bronehì. 

The eartilages in the 
walls of tertiary bronehi 
resemble those of 
seeondary bronehi. 



Eaeh tertiary 
bronchus 
branehes 1 
several times, 
giving rise to 
multiple 
bronehìoles. 
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This diagrammatie view highlights important 


structural features of bronehi and bronehioles, 
and the general pattern of airway distribntion along 
the lower respiratory traet. At 
eaeh new braneh, the diameter 
deereases. Overall, there is a five- 
to eight-fold deerease in diameter 
from the traehea to the terminal 
bronehioles, which have a 
diameter of 0.3-0.5 mm. 


Gartilage 



Left primary 
bronchus 


Seeondary bronchus 


Gartilage plates 



The walls of bronehioles laek eartilages but eontain relatively 
thiek layers of smooth muscle, and smooth muscle tone has 
a signifieant effeet on bronehial diameter and the resistanee 
to airflow. Resting tension in this smooth muscle eommonly 
causes the bronehiolar mucosa to form a series of folds. 
Sympathetie aetivation leads to bronehodìlatìon, the 
enlargement of airway diameter. Parasympathetie 
stimulation leads to bronehoeonstrìetìon, a reduction in 
the diameter of the airway. Extreme bronehoeonstrietion 
may occur during allergie reaetions such as asthma 
(AZ-muh), in which swelling and bronehoeonstrietion ean 
severely restriet or prevent airflow. 



Viseeral pleura 


Tertiary bronehi 


Respiratory 

epithelium 


LEFT LUNG 


Seeondary 
(superior lobar) 
bronchus 


Smooth muscle 


Pulmonary lobule 


Bronehioles 


Terminal bronehiole 


Respiratory bronehiole 



Eaeh bronehiole branehes further to 
form termìnal bronehíoles. Roughly 
6500 terminal bronehioles arise from 
eaeh tertiary bronchus, and eaeh 
terminal bronehiole supplies a single 
pulmonary lobule where gas 
exchange occurs within alveoli. 


Modyle 21.5 Revìew 


a. Comparethetwo primary bronehi. 

b. Whatfunction dotheC-shaped 
traeheal eartilages allow? 

e. Traee the pathway ofairflow along the 
passages of the lower respiratory traet. 


(S) 21.5 Discuss the structures and functions of the airways outside and inside the lungs. 
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Module21.6 



The lungs have lobes that are subdìvìded 
ìnto bronchopulmonary segments 



The branehing pattern of bronehi and 
bronehioles is often ealled the bronehial 
tree. Eaeh tertiary bronehns nltimately 
snpplies air to a single bronehopnlmonary 
segment, a speeifie region of one lung. 

The lungs have distinet lobes that are 
separated by deep fissnres. Eaeh 
lobe eontains at least a pair of 
bronehopnlmonary segments. 


Rìght 


Left 


Bronchopulmonary 
segments of right 
superior lobe 


Bronchopulmonary 
segments of right 

middle lobe 


Bronchopulmonary 
segments of right 

inferior lobe 



Bronchopulmonary 
segments of left 
superior lobe 


Bronchopulmonary 
segments of left 
inferior lobe 


lung lobes, and bronchopulmonary segments 


The left and right lungs are surrounded by 

the left and right plenral eavities, respee- 

tively. This photo shows the eollapsed, preserved 

lungs in a eadaver. The lungs in a living, 

healthy nonsmoker have a lighter, 

pinkish eolor. ^ ... 

Superior lobe 




Right lung 


Horizontal fissure 


Middle lobe 


Oblique fissure 


Inferior lobe 



Boundary between 
right and left 
pleural eavities 

Left lung 

Superior lobe 
Obliquefissure 


Fibrous layer 
of pericardium 

Inferior lobe 
Faleiform ligament 

Cut edge of 
diaphragm 
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Eaeh lung is a blunt eone with a tip extending to the snperior border 


of the first rib. The broad eoneave inferior portion of eaeh lung rests 
on the snperior snrfaee of the diaphragm. Major snperfieial landmarks on 
the left and right lungs ean be seen in these lateral and medial views. 


Lateral Surfaces 


The curving anterior and lateral 
surfaces of eaeh lung follow the 
inner contours of the rib eage. 


Posterior 


Horizontal fissure 


Obliquefissure 



The right lung is divided by the horìzontal 
and oblìque físsures into three lobes: the 

superìor, mìddle, and ínferíor lobes. 


Apex 


Anterior 


The medial margin of 
the left lung is 
indented at the 
eardíae noteh, which 
aeeommodates the 
perieardial eavity. 



Posterior 


Oblique 

fissure 


Base 


The left lung is divided by the 
oblìque físsure into only two lobes: 

the superíor and ìnferior lobes. 


Medìal Surfaces 


The medial surfaces, which eontain 
the hilum, have more irregular 
shapes.The medial surfaces 
of both lungs have grooves 
that markthe positions 
of the great vessels 


Apex 


and the heart. 


Bronchus 


Pulmonary artery 
Pulmonary veins 


Horizontal fissure 


Oblique fissure 


Anterior 



The root of the lung is 

a meshwork of dense 
eonneetive tissue that fixes 
the positions of the bronehi, 
major nerves, blood vessels, 
and lymphaties to the lung. 


The hìlum of the lung is 
a depression that allows 
attaehment of the primary 
bronehi, pulmonary vessels, 
nerves, and lymphaties. 


Posterior 


Apex 


Base 


Base 



Groove 
for aorta 

Pulmonary 

artery 

Bronchus 


Pulmonary 


veins 


Oblique 

fissure 


Anterior 


Right lung 


Left lung 


Diaphragmatie 

surface 


IVIodule 21.6 Revìew 


a. Define bronchopulmonary segment. 

b. Deseribe the loeation ofthe lungs within 
thethoraeieeavity. 

e. Namethe lobesandfissuresofeach lung. 


(S) 21.6 Deseribe the superficial anatomy of the lungs. 
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Module21.7 



Eaeh tertiary bronchus delivers air 
to a single bronchopulmonary 
segment. 


VVithin a bronchopulmonary 
segment, bronehioles braneh 
repeatedly, forming about 6500 
terminal bronehioles. 




Bronehioles 


Eaeh terminal bronehiole supplies a 


single pulimonary lobule. 


Respiratory 

bronehiole 

Alveoli 


A respìratory bronehìole forms by the branehing of a 
terminal bronehiole inside a pulmonary lobule.This is 
the start of the respiratory portion of the respiratory 
traet. 


The walls of respiratory bronehioles open into alveoli. 
Gas exchange occurs aeross the walls of the alveoli. 


Elastie fibers 


Braneh of 
pulmonary vein 


lnterlobular 

septum 


Lymphatie 
vessel 


Respiratory bronehioles open into regions ealled 
alveolar ducts. An alveolar duct is a eommon passage 
that is eonneeted to multiple individual alveoli. 


Eaeh alveolar duct ends at an alveolar sae, a eommon 
ehamber eonneeted to several individual alveoli. 


Alveoli 


The Pleura 


The vìseeral pleura eovers the outer 
surfaces of the lungs. 


The pleural eavity eontains a small 
volume of pleural fluid that eoats the 
pleural surfaces and reduces frietion. 


The parìetal pleura eovers the inner 
surface of the thoraeie wall and extends 
overthe diaphragm and mediastinum. 


Traehea 


Left primary bronchus 


Seeondary bronchus 


— Broneho- 
pulmonary 
segment 


Braneh of pulmonary artery 


Bronehiole 


Bronehial artery (red), 
nerve (yellow), and 

vein (blue) 


Smooth muscle around 
terminal bronehiole 


Terminal bronehiole 


The continuous passageways of 
the conducting and respiratory 
portions of the respiratory traet end in 
air saes ealled alveoli (al-VE-ó-li; 
singnlar, alveolns), Eaeh lung eontains 
about 150 million alveoli, and they give 
the lung an open, spongy appearanee. 
Eaeh alveolns is surrounded by an 
extensive eapillary network that reeeives 
blood from a braneh of a pnlmonary 
artery and diseharges blood into a braneh 
of a pnlmonary vein. A network of elastie 
fibers surrounds these eapillaries. Reeoil 
of these fibers during exhalation rednees 
the size of the alveoli and helps push air 
out of the lungs. 


Pulmonary lobules 

eontaín alveolì, vvhere 
gas exchange occurs 
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The alveolar epithelium is primarily a simple squamous epithelium. The 


surrounding eapillaries differ hmetionally from other eapillaries; they dilate 
when alveolar oxygen levels are high, and eonstriet when alveolar oxygen levels are 
low. This response direets blood flow to the alveoli eontaining the most oxygen. 


Type II pneuimocytes 

are seattered among the 
squamous eells. These 
eells produce surfactant 
(sur-FAK-tant), an oily 
seeretion eontaining a 
mixture of phospholipids 
and proteins that forms a 
superficial eoating overa 
thin layer of water. 


Elastie fibers 


Gapillary 



Alveolar maerophage 


3 


Gas exchange occurs aeross the respiratory 
membrane at eaeh alveolus. Difhision aeross 


the respiratory membrane proeeeds very rapidly, 
beeanse the distanee is short and both oxygen and 
earbon dioxide are lipid solnble. 



The squamous epithelial eells, 
ealled type I pnenmoeytes, are 

unusually thin and delieate and 
are the sites of gas diffusion. 


Roaming alveolar maero- 
phages (or dust eells) patrol 
the epithelial surface, 
phagoeytizing any partieles 
that have eluded other 
respiratory defenses and 
reaehed the alveoli. 


intereonneetion between 
adjaeent alveoli 

Endothelial 
eell of eapillary 


The Respíratory Membrane 


The total distanee separating alveolar 
air from blood ean be as little as 0.1 pm; 
it averages about 0.5 pm. 


Alveolar aír spaee 


Alveolar epithelium 

Fused basement membranes of alveolar 
epithelium and eapillary endothelium 

Gapillary endothelium 



eapillary lumen 



Surfactant plays a key role in keeping the 
alveoli open. It reduces the surface tension in 
the liquid eoating the alveolar surface. Alveolar 
walls, like soap bubbles, are very delieate; 
without surfactant, the surface tension would 
be so high that the alveoli would eollapse. 


Nucleus of 
endothelial eell 


Moelyle 21.7 Revíew 


a. Definepulmonary lobule. 

b. Whatwould happen tothealveoli if 
surfactant were not produced? 

e. Deseribe the structure and function of 
the respiratory membrane. 


21.7 Deseribe the structure of a pulmonary lobule 
and the functional anatomy of the alveoli. 


Seetion 1: Anatomy ofthe Respiratory System • 799 
















































Labelíng 

Label eaeh of the respiratory system structures in the figure below. 



Matehíng 


Mateh eaeh lettered term with the most elosely related deseription. 


a. respiratory bronehiole 

b. respiratory mucosa 
e. phonation 

d. bronehodilation 

e. terminal bronehiole 

f. laryngeal prominenee 

g. type I pneumocytes 

h. type II pneumocytes 

i. eystiefibrosis 

j. traehea 

k. pharynx 

l. respiratory membrane 

m. Iarynx 

n. bronehoeonstrietion 
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20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


Produce surfactant 
VVindpipe 

Simple squamous epithelial eells 

Sympathetie aetivation 

Supplies a pulmonary lobule 

Parasympathetie aetivation 

Start of respiratory portion of respiratory traet 

Gas exchange 

Sound production atthe larynx 

ehamber shared by respiratory and digestive systems 

Surrounds and proteets the glottis 

Lethal inherited respiratory disease 

Lines the conducting portion of respiratory traet 

Anterior surface of thyroid eartilage 


17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 
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Module21.8 


SECTION 2 • Respíratory Physìology 



Respiratory physiology involves 

external and internal respiration 

The general term respiration refers to two 
integrated proeesses: external respiration 
and internal respiration. 


This illnstration provides an overview of respiration 
and shows relationships among external respiration, 
gas diffnsion and transport, and internal respiration. 



Respiration 

External Respíratíon 

External respìratìon includes all the proeesses involved 
in the exchange of oxygen and earbon dioxide betvveen 
blood, lungs, and the external environment.The 
purpose of external respiration, and the primary 
function of the respiratory system, is meeting the 
respiratory demands of the body's eells. 


Gas dìffusion occurs aeross 
the respiratory membrane 
betvveen alveoli and eapillaries, 
and aeross eapillary vvalls 
betvveen blood and other 
tissues. 


Internal Respíratíon 

Internal respíratíon is the absorption 
of O 2 from blood and the release of 
eo^ by tissue eells. We vvill eonsider 
the bioehemieal pathvvays responsible 
for O 2 consumption and GO^ genera- 
tion in ehapter 23. 


Pulmonary ventìlatìon, 

or breathing, involves the 
physieal movement of air into 
and out of the lungs.The 
primary function of pulmonary 
ventilation isto maintain 
adequatealveolar 
ventìlatìon —the 
movement of air into 
and out of the alveoli. 

Alveolar ventilation 
prevents the buildup 
of earbon dioxide 
in the alveoli and 
ensures a continuous 
supply of oxygen that 
keeps paee vvith its 
absorption by the 
bloodstream. 



■ ■ ■■ 


diffusion 


Gas 

diffusion 



Gas 

diffusion 




Gas 

diffusion 



eo^ transport 


In this seetion, we will examine the integrated steps involved 
in external respiration. Abnormalities affeeting any of the steps 
involved in external respiration will nltimately affeet the gas 
eoneentrations of interstitial flnids, and thus cellular aetivities as 
well. If the oxygen eontent deelines, the affeeted tissnes will beeome 
starved for oxygen. Hypoxia, or low tissue oxygen levels, plaees 
severe limits on the metabolie aetivities of the affeeted area. If the 
supply of oxygen is cut off eompletely, the eondition ealled anoxia 
(an-OK-sè-a; without -1- ox-, oxygen) resnlts. Much of the damage 
caused by strokes and heart attaeks is the result of loealized anoxia. 


Modyle 21.8 Revíew 


a. Distinguish betvveen external 
respiration and internal respiration. 

b. What is the primary function of 
pulmonary ventilation? 

e. Hovv are hypoxia and anoxia different? 


(S) 21.8 Deseribe external respiration and internal respiration. 
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In a gas, such as air, the molecules bounce around as independent 
objeets. At normal atmospherie pressnres, gas moleenles are much 
farther apart than the moleenles in a liquid, so the density of air is 
relatively low. The pressnre exerted by the enelosed gas resnlts from 
the eollision of gas moleenles with the walls of the eontainer. The 
greater the number of eollisions, the higher the pressnre. 


These diagrams should help you understand the relation- 
ships between pressnre and volnme in a gas. For a gas in a 
elosed eontainer and at a eonstant temperatnre, pressnre (P) is 
inversely proportional to volume (V). That is, if you deerease 
the volume of a gas, its pressnre will inerease; if you inerease 
the volume of a gas, its pressnre will deerease. The relationship 
between pressnre and volume is reeiproeal: If you rednee the 
volnme of a flexible eontainer by half, the pressnre within it will 
donble; if you double the volume of the eontainer, the pressnre 
inside it will deeline by half This inverse proportional relationship, 
first reeognized by Robert Boyle in the lóOOs, is ealled Boyle's law. 




2 


Movements of the 


diaphragm and rib 
eage ehange the volume 
of the thoraeie eavity. 
When the shape of 
the thoraeie eavity 
ehanges, it expands or 
eompresses the lungs, 
ehanging the air pressnre 
within the respiratory 
traet. 



Superior movement of the rib 
eage inereases the depth and 
width of the thoraeie eavity, 
inereasing its volume and 
deereasing pressure within it. 


When the diaphragm 
eontraets, it tenses and moves 
inferiorly.This movement 
inereases the volume of the 
thoraeie eavity, deereasing the 
pressure within it. 


3 


At the start of a breath. 


pressnres inside and 
ontside the thoraeie eavity are 
identieal, and no air moves 
into or out of the lungs. 



P 


outside 


P. 


inside 



Pleural 

eavity 

Diaphragm 


Pressure outside and inside are 
equal, so no air movement occurs 


Thoraeie wall 


Parietal pleura 


Pleural fluid 


Viseeral 

pleura 



If you deerease the volume of the 
eontainer, eollisions occur more 
frequently per unit time, inereas- 
ing the pressure of the gas. 




If you inerease the volume, fewer 
eollisions occur per unit time, 
because it takes longer for a gas 
molecule to travel from one wall 
to another. As a result, the gas 
pressure inside the eontainer 
deereases. 


Although separated by the pleural 
eavity, the layer of pleural fluid 
makes the lungs stiek to the inner 
walls of the thorax.This kind of fluid 
bond is responsible for making a 
eoaster stiek to the bottom of a 
wet glass.The elastie tissues of the 
lungs are always trying to reeoil 
and reduce lung volume to about 
5 pereent of its normal size.This 
eollapse is prevented by the fluid 
bond between the parietal and 
viseeral pleura. If an injury allows air 
into the pleural eavity, this bond is 
broken and the lung eollapses.This 
eondition is ealled ateleetasìs 
(a-te-LEK-ta-sis). 
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Air will ílow from an area of higher 
pressnre to an area of lower pressnre. 


When the thoraeie eavity enlarges and 
inereases in volnme dnring inhalation, 
pressnre falls inside the Inngs and air flows 
in. When the thoraeie eavity deereases in 
volnme dnring exhalation, pressnre rises 
inside the Inngs, foreing air out of the 
respiratory traet. 



Inhalation: volunne inereases 

P > P 

outside inside 

Pressure inside falls, so air flows in 



Exhalation: volunne deereases 

P < P 

outside inside 

Pressure inside rises, so air flows out 


5 


The direetion of airflow is determined by the 
differenee between atmospherie pressure and 


intrapulmonary (in-tra-PUL-mo-nàr'è) pressnre, the 
pressnre inside the respiratory traet (usually measured at 
the alveoli). 


Traehea 


Bronehi 


Right pleural 
eavity 


Left pleural 
eavity 


Pressures 
nneasured 
within the 
alveoli 



Airflow into 
and out of 
the lungs 


6 


Although we will use mm Hg to report pressures, other 
units are also used in elinieal praetiee. The table below 


eompares several units used to report gas pressures. 


Four Common Units for Reporting Gas Pressures 


• Mìllìmeters of mercury (mm Hg): This is the most eommon unit for reporting blood 
pressure and gas pressures. Normal atmospherie pressure is approximately 760 mm Hg. 

• Torr: This unit of measurement is preferred by many respiratory therapists; it is also 
eommonly used in Europe and in some teehnieal journals. One torr is equivalent to 
1 mm Hg; in other words, normal atmospherie pressure is equal to 760 torr. 

• eentímeters of water (em H^O): In a hospital setting, anesthetie gas pressures and 
oxygen pressures are eommonly measured in eentimeters of water. One em H^O is 
equivalent to 0.735 mm Hg; normal atmospherie pressure is 1033.6 em H^O. 

• Pounds per square ineh (psi): Pressures in eompressed gas eylinders and other 
industrial applieations are generally reported in psi. Normal atmospherie pressure at 
sea level is approximately 15 psi. 



A pressure differential of 0 mm Hg exists when 
atmospherie and intrapulmonary pressures are 
equal. Positive intrapulmonary pressures will 
push air out of the lungs; negative intrapulmo- 
nary pressures will pull air into the lungs. 



The tìdal volume (V^) is the amount of air 
moved into the lungs during inhalation and out 
of the lungs during exhalation. At rest, the tidal 
volume is approximately 500 mL. 


l\/lodule 21.9 Revìew 


a. Define Boyle's law. 

b. VVhat physieal ehanges affeet the 
volume of the lungs? 

e. VVhat pressures determine the 
direetion of airflow within the 
respiratory traet? 


21.9 Summarize the physieal prineiples governing 
the movement of air into and out of the lungs. 
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Module 21.10 



Respìratory muscles in 

various eombinations 
adjust the tidal volume 
to meet respiratory 

demands 

Respiratory muscles may be involved with 
either inhalation or exhalation. Those involved 
with inhalation are ealled inspiratory 
mnseles; those involved in exhalation are 
ealled expiratory mnseles. 



This anterior view introduces the primary 
and aeeessory respiratory maseles. The 
primary mnseles, the diaphragm and external 
intereostal mnseles, are both involved in inhalation. 
When you are breathing quietly inhalation is aetive 
but exhalation is passive—elastie forees and gravity 
are snffieient to reduce the volume of the lungs. 


Aeeessory 

Inspìratory 

Muscles 


Sternoeleido- 
nnastoid muscle 


Sealene 

muscles 


Peetoralis 
minor muscle 

Serratus 
anterior muscle 


Primary 

Inspiratory 

Mosele 


Diaphragm 


Primary Inspiratory Muscle 


External intereostal muscles 



Aeeessory 

Expiratory 

Muscles 


Internal 

intereostal 

muscles 


Transversus 

thoraeis 

muscle 


External 

oblique 

muscle 


Rectus 

abdominis 

Internal 

oblique 

muscle 


2 


This lateral view during inhalation shows the 
inspiratory mnseles that elevate the ribs and 


depress the diaphragm to enlarge the thoraeie eavity. 



Aeeessory Inspiratory 
Muscles (aetive when needed) 


The eontraetion of aeeessory 
muscles assists the external 
intereostal muscles in elevating 
the ribs.The muscles inerease 
the speed and amount of rib 
movement when the primary 
respiratory muscles are unable 
to move enough air to meet the 
oxygen demands of tissues. 


Primary Inspiratory Muscles 


Gontraetion of the external 
intereostal muscles elevates 
the ribs.This aetion contributes 
about 25 pereent to the volume 
of air in the lungs at rest. 


Gontraetion of the diaphragm 
flattens the floor of the thoraeie 
eavity, inereasing its volume and 
drawing air into the lungs.This 
is responsible for roughly 75 
pereent of the air movement in 
normal breathing at rest. 


3 


This eorresponding lateral view during aetive 
exhalation shows the aeeessory expiratory mnseles 


that depress the ribs and push the relaxed diaphragm 
into the thoraeie eavity. The abdominal mnseles that 
assist in exhalation are represented by a single muscle 
(the rectus abdominis). 



The internal intereostal 
and transversus thoraeis 
muscles depress the 
ribs and reduce the 
width and depth of 
the thoraeie eavity. 


Rectus abdominis (other 
abdominal muscles not 
shown) 


804 • ehapter21:The Respìratory System 






















































4 


Only a small proportion of the air in the Inngs is exchanged dnring a single quiet respiratory 
eyele (eonsisting of an inhalation and an exhalation); the tidal volume ean be inereased by 


inhaling more vigoronsly and exhaling more eompletely. We ean divide the total volume of the 
lungs into a series of volumes and eapaeities (eaeh the sum of various volumes), as indieated 
in this spirogram. The red line indieates the volume of air within the lungs during breathing. 


Pulimonary Volumes and Capacìtìes (adult male) 


The ínspìratory reserve 
volume (IRV) is the amount 
of air that you ean breathe 
in over and above the tidal 
volume. 



The ìnspíratory eapaeìty is the amount of air 
that you ean draw into your lungs after you 
have eompleted a quiet respiratory eyele.The 
inspiratory eapaeity is the sum of the tidal 
volume and the inspiratory reserve volume. 


The tídal volume (Vj) 

is the amount of air you 
move into or out 
of your lungs during a 
single respiratory eyele 


under resting eonditions. 


The expíratory reserve 
volume (ERV) is the 

amount of air that 
you ean voluntarily 
expel after you have 
eompleted a normal, 
quiet respiratory eyele. 


Time 


The mìnìmal volume, a eomponent of the residual 
volume, is the amount of air that would remain in your 
lungs if they were allowed to eollapse.The minimal 
volume ranges from 30 to 120 mL, but, unlike other 
volumes, it eannot be measured in a healthy person. 


The total lung eapaeìty is the total 
volume of your lungs, calculated by adding 
the vital eapaeity and the residual volume. 
The total lung eapaeity averages around 
6000 mL in males and 4200 mL in females. 


The vital eapaeìty is the 

maximum amount of air 
that you ean move into 
or out of your lungs in a 
single respiratory eyele. 
The vital eapaeity is the 
sum of the expiratory 
reserve volume, the tidal 
volume, and the inspira- 
tory reserve volume. 


The functional residual 
eapaeity (FRC) is the 

amount of air remaining 
in your lungs after you 
have eompleted a quiet 
respiratory eyele.The 
FRC is the sum of the 
expiratory reserve 
volume and the residual 
volume. 


The residual volume 

is the amount of air 
that remains in your 
lungs even after a 
maximal exhalation. 


Pulmonary Voluines 





Males 

Females 



IRV 

3300 mL 

1900 mL 

Inspiratory 

Vital - 
eapaeity 

Vt 

500 mL 

500 mL _ 

eapaeity 


_ERV 

1000 mL 

700 mL “ 

Functional 

Residual volume 

1200 mL 

IIOOmL _ 

residual eapaeity 

Total lung eapaeity 

6000 mL 

4200 mL 



Modyle 21.10 Revìew 


a. Identify the primary inspiratory 
muscles. 

b. When do the aeeessory respiratory 
muscles beeome aetive? 

e. Name the various measurable 
pulmonary volumes. 


21.10 Name the respiratory muscles, and deseribe the aetions 
of the muscles responsible for respiratory movements. 
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Module 21.11 

j 


Pulmonary ventìlatìon must be elosely 
regulated to meet tíssue oxygen demands 

The respiratory system adjusts pulmonary ventilation over a broad range to 
meet the oxygen demands of the body. These adjnstments involve varying both 
the number of breaths per minute and the amount of air moved eaeh breath. 

When you are exercising at peak levels, the amount of air moving into and out 
of the respiratory traet ean be 50 times the amount moved at rest. The faetors 
involved in pnlmonary ventilation should remind you of the faetors involved in 
regnlating eardiovasenlar fnnetion. 



Respiratory Rate 

Your respiratory rate is the number of 
breaths you take eaeh minute. As you 
read this, you are probably breathing quietly 
with a low respiratory rate. The normal 
respiratory rate of a resting adult ranges from 
12-18 breaths eaeh minute, ronghly one for 
every four heartbeats. Ghildren breathe more 
rapidly at rates of about 18-20 breaths per 
minute. 



o; 



o 

> 



500 


250 


0 


Inhalatìon 


Exhalatíon 


Inhalatíon 


Exhalatíon 



0 


1 


2 


3 


4 

Time (see) 


5 


6 


7 


8 


Respìratory Mínute Volume 


2 


We ean ealenlate the volume of air moved eaeh 
minute, symbolized V^, by mnltiplying the respira- 
tory rate, /, by the tidal volume, V-p. This value is ealled the 
respiratory minute volume. The respiratory rate at rest 
averages 12 breaths per minute, and the tidal volume at 
rest averages around 500 mL per breath. On that basis, 
we ean ealenlate that respiratory minute volume at rest 
is approximately 6 L/min. 





/ Volume of air moved 
V eaeh minute 


/ Breaths per \ ^ 
V minute / 


Tidal \ 
volume / 


12 X 500 mL per minute 
6000 mL per minute 
6.0 liters per minute 


In other words, the 
respiratory minute volume 
at rest is approximately 6 
liters per minute. 


3 


The faetors involved in respiratory minute volume are 
easily diagrammed, but their fnnetional relationships 


are complex. inereasing either respiratory rate or tidal 
volume will inerease the respiratory minute volume. But 
what if the respiratory rate goes up, and the tidal volume 
goes down? The respiratory minute volume may remain the 
same, but the effeets on respiratory performanee are very 
different. We will now eonsider the differenees and their 
signifieanee. 



Respìratory Rate 

Breaths per minute 


Tìdal Volume 


Volume of air moved 
with eaeh breath 



Respíratory 
Mínute Volume 

Volume of air moved 
eaeh minute 




806 • Chapter21:The RespiratorySystem 






































Alveolar Ventilation 


4 


Alveolar ventilation, symbolized is 
the amount of air reaehing the alveoli 
eaeh minute. The alveolar ventilation is less 
than the respiratory minute volume, because 
some of the air never reaehes the alveoli, but 
remains in the conducting portion of the 
respiratory system. This is known as the 
anatomie dead spaee (Vd ), and at rest it 
amounts to nearly 150 mL of the 500 mL 
of tidal air. 



5 


We ean calculate alveolar ventilation by subtracting 
the dead spaee from the tidal volume: 


Air in conducting 
portion of the 
respiratory system 
(anatomie dead spaee) 



Air in alveoli 


Va = 

= / X 

Vt - 

- Vp 

Alveolar _ 

. Breaths per 

minute 

/ Tidal 

Anatomie \ 

ventilation 

V volume 

dead spaee / 


V 



A 


12 

12 


X 

X 


4200 mL 


(500 mL - 150 mL) 
350 mL 


However, the eomposition of the gas arriving in the alveoli is signifieantly 
different from that of the surrounding atmosphere, because inhaled air 
always mixes with “used” air in the conducting passageways (the anatomie 
dead spaee) on its way to the exchange surfaces. The alveolar air thus 
eontains less oxygen and more earbon dioxide than atmospherie air. 


6 


Let s return to the effeets of altering tidal volume and respiratory 


rate. If the respiratory rate jumps to 20 breaths per minute but 
the tidal volume drops to 300 mL, the respiratory minute volume will 
remain unchanged. However, the alveolar ventilation rate drops 
dramatieally, falling from 4.2 L/min to 3 L/min. 


Ve=/ X V^ 

= 20 X 300 mL per minute 
= 6.0 liters per minute 


Va=/ X (Vt-Vd) 

= 20 X (300 mL - 150 mL) per minute 
= 3.0 liters per minute 


This alveolar ventilation rate is almost 30 pereent 
below its original value of 4.2 L/min, and if tissue 
demands are elevated as well, widespread tissue 
hypoxia could result. Thus, whenever the demand 
for oxygen inereases, both the tidal volume and the 
respiratory rate must be inereased. 


Modyle 21.11 Revíew 


a. Define respiratory rate. 

b. Howcloes the respiratory minute 
volume differ from alveolar ventilation? 

e. VVhieh ventilates alveoli more 

effeetively: slow, deep breaths or rapid, 
shallow breaths? Explain why. 


(S) 21.11 Explain how respiratory rate and tidal volume affeet pulmonary and alveolar ventilation. 
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Module 21.12 



Gas díffusìon depends on the partìal 
pressures and solubílítíes of gases 

The prineiples that govern the movement and diffnsion of gas moleenles are 
relatively straightforward. These prineiples, known as gas laws, have been 
nnderstood for abont 250 years. You have read about Boyle s law, which 
determines the direetion of air movement in pnlmonary ventilation. 

Now you will learn about other gas laws and faetors that determine the rate 
of oxygen and earbon dioxide diffnsion aeross the respiratory membrane. 



The air we breathe is a mixture of gases. Their total 
pressure at sea level, one atmosphere, equals 760 
mm Hg. The partíal pressure (P) is the pressnre exerted 
by a single gas in a mixture of gases. The partial pressnres 
for atmospherie gases are included in this table. All the 
partial pressures added together equal the total pressnre 
exerted by the gas mixture; this is known as Daltoffs law. 
As soon as air enters the respiratory traet, its eharaeteris- 
ties begin to ehange. In passing through the nasal eavity, 
inhaled air beeomes warmer, and the amount of water 
vapor inereases. When it reaehes the alveoli, the ineoming 
air mixes with air remaining in the alveoli from the 
previons respiratory eyele. During the subsequent exhala- 
tion, the departing alveolar air mixes with air in the 
anatomie dead spaee, producing yet another mixture that 
differs from both atmospherie and alveolar air samples. 


Atmospherìe Pressure = 760 mm Hg 
597 (Pn2) + 1 59(Po 2) + O.S^Peo^) + ^.^(Ph^o) = 760 mm Hg 


Partìal Pressures (mm Hg) and Normal Gas Concentratìons (%) ìn Aìr 


Source of 

Nítrogen 

Oxygen 

Garbon Díoxíde 

Water Vapor 

Sample 

(N 2 ) 

(O 2 ) 

(C02) 

(H 2 O) 

Inhaled air 

597 

159 

0.3 (0.04%) 

3.7 (0.5%) 

(dry) 

(78.6%) 

(20.9%) 



Alveolar air 

573 

100 

40 (5.2%) 

47 (6.2%) 

(saturated) 

(75.4%) 

(13.2%) 



Exhaled air 

569 

116 

28 (3.7%) 

47 (6.2%) 

(saturated) 

74.8%) 

(15.3%) 




At a given 


2 


temperature, the 
amount of a particular 
gas in solution is 
direetly proportional 
to the partial pressure 
of that gas. This 
prineiple is known 
as Henry's law. 



When a gas under pressure eontaets 
a liquid, the pressure tends to foree 
gas molecules into solution. At a 
given pressure, the number of 
dissolved gas molecules will inerease 
until an equilibrium is established. 


At equilibrium, gas 
molecules diffuse out of 
the liquid as quickly as 
they enter it, so the total 
number of gas molecules in 
solution remains eonstant. 




Example: 

Soda is put into the ean under pressure, 
and the gas (earbon dioxide) is in 
solution at equilibrium. 


3 






o 



o 


9 


O 
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If the partial pressure is deereased, 
gas molecules will eome out of 
solution. 



Eventually a new equilib- 
rium will be established. 


When you open a soda ean, the internal 
pressure deereases and the gas molecules 
begin to eome out of solution.The volume 
of the ean is so small, 
and the volume of the 
atmosphere so great, 
that within a half hour 
or so virtually all the 
earbon dioxide eomes 
out of solution, and you 
are left with "flat"soda. 
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This illustration shows the partial pressures of oxygen and 
earbon dioxide during external respiration in the pnlmonary 


eirenit and during internal respiration in the systemie eirenit. 



External Respìratìon 


Alveolus 


Respiratory 

membrane 


Pulmonary 

circuit 


Systemie 

circuit 


Pulmonary 

eapillary 


Internal Respiratíon 


Systemie 
circuit . 


Interstitial fluid 


Systemie 

eapillary 


Blood arriving in the pulmonary arteries 
has a lower Po^ and a higher Poo^ than 
does alveolar air. Diffusion between the 
alveolar mixture and the pulmonary 
eapillaries thus inereases blood Po^ 
while deereasing its Poo^- the time 
the blood enters the pulmonary 
venules, it has reaehed equilibrium with 
the alveolar air. Henee, blood departs 
the alveoli with a Po^ of about 100 mm 
Hg and a P^o^ about 40 mm Hg.This 
is possible because eaeh gas moves 
independently. 


The partial pressure of oxygen in the 
pulmonary veins deereases to about 95 
mm Hg as it mixes with venous blood 
that was distributed to the conducting 
passageways rather than to the alveoli. 

This is the Po^ in the blood that arrives at 
peripheral eapillaries. Normal interstitial 

fluid has a Po^ of 40 mm Hg. As a result, 

oxygen diffuses out of the eapillaries until 

the eapillary Po^ is the same as that in 
the adjaeent tissues. inaetive peripheral 

tissues normally have a P^o^ of about 
45 mm Hg, whereas blood entering 

peripheral eapillaries normally has a P^o^ 
of 40 mm Hg. As a result, earbon dioxide 
diffuses into the blood as oxygen diffuses 
into thetissue. 


The system just deseribed is at equilibrium, and the 
and P 002 ^re stable in the alveoli and in the tissnes. Every 
oxygen moleenle entering peripheral tissnes is balaneed 
by an oxygen moleenle absorbed at the alveoli, and the 
absorbed oxygen moleenle will be replaeed in the next 
respiratory eyele. But if tissue oxygen demand aeeelerates, 
that equilibrium is disturbed, and the respiratory rate and 
tidal volume must then inerease. 


Modale 21.12 Revíew 


a. Define Dalton's law. 

b. What is the signifieanee of Henry's law 
to the proeess of respiration? 

e. Explain the deerease in Po^ from the 
pulmonary venules to the blood 
arriving in the peripheral eapillaries of 
thesystemiccircuit. 


21.12 Summarize the physieal prineiples governing 
the diffusion of gases into and out of the blood. 
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Module 21.13 


r 


Almost all the oxygen in the 
blood ís transported bound to 
hemoglobín vvìthín red blood eells 


Eaeh 100 mL of blood leaving the alveolar eapillaries earries 
away ronghly 20 mL of oxygen. Of this amonnt, only abont 
0.3 mL (1.5 pereent) eonsists of oxygen moleenles in 
solntion. The rest of the oxygen moleenles are bonnd to 
hemoglobin (Hb) moleenles—speeifieally, to the iron 
ions in the eenter of heme units. 



A hemoglobin moleenle eonsists of four globular protein 
subunits, eaeh eontaining a heme unit that ean bind an oxygen 
moleenle. Thus, eaeh hemoglobin moleenle ean reversibly bind 
up to four molecules of oxygen, forming oxyhemoglobin (HbO^). 
Garbon monoxide, CO, is a gas released by petroleum-burning 
engines and heaters. It is dangerons beeanse it will irreversibly bind 
to heme units, making them nnavailable for oxygen transport. 


2 


The pereentage of heme units eontaining bound 
oxygen at any given moment is ealled the hemo- 
globin satnration. If all the Hb moleenles in the blood 
are fully loaded with oxygen, satnration is 100 pereent. 
If, on average, eaeh Hb moleenle earries 
two O 2 moleenles, satnration is 
50 pereent. This graph is 
an oxygen-hemoglobin 
satnration curve, which 
shows the satnration of 
hemoglobin at different 
partial pressnres of oxygen. 

Notiee that hemoglobin will 
be more than 90 pereent 
satnrated if exposed to a 

Pq above 60 mm Hg. 

2 



Protein 

subunits 


Iron ion 
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for the next oxygen molecule. Onee the first oxygen 
molecule binds to the hemoglobin, the slope rises steeply 
until reaehing a plateau near 100% saturation. 
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Blood pH has a direet effeet 
on the oxygen-hemoglobin 
satnration enrve beeanse the shape 
of hemoglobin moleenles ehanges as 
the nnmber of bonnd moleenles 
inereases and these ehanges affeet 
its affinity for oxygen. This ehange is 
ealled the Bohr effeet. The enrves 
in this fignre show how the slope of 
the oxygen-hemoglobin satnration 
enrve ehanges when the pH of the 
blood shifts away from the normal 
average valne of 7.4. 



If the pH inereases, the saturation 
curve shifts to the left, and 
hemoglobin releases less oxygen. 



The range of normal blood 
pH is 7.35-7.45. 


If the pH deereases, the 
saturation curve shifts to 
the right, and hemoglobin 
releases more oxygen. At 
a pH of 7.4, hemoglobin 
saturation would be 75% at 
a Po^of 40 mm Hg; if the pH 
shifts to 7.2, at the same 
hemoglobin saturation 
would be 60%.Thus, the pH 
shift triggered the release 
ofan additional 15%ofthe 
bound oxygen. 


4 


Temperatnre ehanges also 


affeet the satnration enrve. 
The higher the temperatnre, the 
more readily hemoglobin gives 
up its oxygen reserves. Blood 
temperature is about 38°C. 




Red blood eells (RBCs) do not eontain mitoehondria, so they ean 
only generate ATP through glyeolysis. The metabolie pathways involved 
in glyeolysis also generate the compound 2,3'bisphosphoglyeerate 
(biz-fos-fó-GLIS-er-àt), or BPG. For any partial pressnre of oxygen, the 
higher the eoneentration of BPG, the more oxygen will be released by the 
Hb moleenles. BPG prodnetion deereases as RBGs age, and levels of BPG 
ean determine how long a blood bank ean store fresh whole blood. When 
BPG levels get too low, hemoglobin beeomes firmly bound to the available 
oxygen. The blood is then nseless for transfnsions, beeanse the RBGs will no 
longer release oxygen to peripheral tissnes, even at a disastronsly low Pq . 


Modyle 21.13 Revíew 


a. Defineoxyhemoglobin. 

b. During exercise, hemoglobin releases 
more oxygen to aetive skeletal muscles 
than it does when those muscles are at 
rest. Why? 

e. Explain the relationship among BPG, 
oxygen, and hemoglobin. 


21.13 Discuss the structure and function of hemoglobin, explain the oxygen- 
hemoglobin saturation curve, and deseribe the role of 2,3-bisphosphoglyeerate. 
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Module 21.14 


Most earbon dìoxìde transport occurs through 
the reversìble formatíon of earbonìe aeid 


Carbon dioxide is generated by aerobie metabolism in peripheral tissnes. After 
entering the bloodstream, a GO^ moleenle is (1) eonverted to a moleenle of 
earbonie aeid, (2) bonnd to the protein portion of hemoglobin moleenles within 
red blood eells, or (3) dissolved in plasma. All three reaetions are eompletely 
reversible. 


We will eonsider the events that 
oeenr as blood enters peripheral 
tissnes in which the is 45 mm Hg. 



eo^ diffuses into 
the bloodstreann. 



eo^ has linnited solubility 
in plasma, and only ~7% 
remains in solution. 


93% diffuses 



Roughly 23% of the earbon dioxide 
earried by blood is bound to the 
globular protein portions of Hb 
molecules.These GO^ molecules are 
reversibly attaehed to exposed amino 
groups (NH^) of the Hb molecules. 
The resulting compound is ealled 
earbamìnohemoglobìn (kar-BAM-i- 
nó-hé-mó-gló-bin), HbCO 



Most of the hydrogen ions bind to 
hemoglobin molecules, forming 
HbH+.The Hb molecules thus 
function as pH buffers, tying up the 
released hydrogen ions before the 
ions ean leave the RBCs and lower 
the plasma pH. 


Most of the earbon dioxide 
absorbed by blood (roughly 
70% of the total) is eonverted 
to earbonie aeid through the 
aetivity of the enzyme 
earboníe anhydrase. 



The earbonie aeid molecules 
immediately dissoeiate into a 
hydrogen ion and a biearbon- 
ate ion.The net reaetion is: 


H^eO 


+ 


-kHGOs 


+ 



PLASMA 





HCO 



The biearbonate ions move into the surrounding 
plasma with the aid of a countertransport 
meehanism that exchanges intracellular 
biearbonate ions (HeO^") for extracellular 
ehloride ions (Cr).This exchange, which trades 
one anion for another, does not require ATP.The 
result is a mass movement of ehloride ions into 
the RBCs, an event known as the ehloríde shift. 
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This illustration summarizes the transport of oxygen and earbon dioxide 
in the lungs (at left) and in peripheral tissnes (at right). This system is at 


equilibrium, and the Pq and are stable in the alveoli and in the tissnes. Every 


eo 


oxygen moleenle entering peripheral tissnes is balaneed by an oxygen moleenle 
absorbed by the alveoli, and the absorbed oxygen moleenle will be replaeed in 
the next respiratory eyele. 


O^píekyp 



O 2 delivery 



eo^delivery 



C02pickup 


The equilibrium between oxygen absorption and oxygen use is 
disturbed when tissue oxygen demand inereases. If the respiratory 
rate and tidal volume do not inerease, the alveolar Pq will steadily 
deerease, and the alveolar, blood, and tissue Pqq^ will steadily 
rise. This is a particulary unpleasant eombination that ean lead to 
widespread hypoxia and a dangerons deerease in the pH of body 
fluids. In a elinieal setting, pnlmonary ventilation is therefore elosely 
regnlated by monitoring the Pq , Pqq , and pH of body fluids. 

21.14 Deseribe how earbon dioxide is transported in the blood, and explain 

how oxygen is pieked up, transported, and released into the bloodstream. 


l\/lodule 21.14 Revìevv 


a. Identify three ways that earbon dioxide 
is transported in the bloodstream. 

b. Deseribe the forees that drive oxygen 
and earbon dioxidetransport between 
the blood and peripheral tissues. 

e. How would bloekage of the traehea 
affeet blood pH? 
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Module 21.15 


CLINICAL MODULE 


+ 


r 


Pulmonary dìsease ean affeet 
both lung elastìeity and aìrflovv 



The eomplianee of the lungs is an indieation of 
their expandability, how easily the lungs expand. It is 
inflneneed by the internal structure of the lungs (elastieity and 
resilienee) and the flexibility of the ehest walL Compliance is a 
statie measnrement determined by monitoring the intrapnl- 
monary pressnre at different lung volnmes. 


2 


The resistanee of the lungs is an indieation of how much 
foree is required to inflate or deflate them. At rest, the 


muscular aetivity involved in pnlmonary ventilation aeeonnts 
for 3-5 pereent of the resting energy demand. If resistanee 
inereases, that figure elimbs dramatieally, and an individnal 
may beeome exhausted simply trying to breathe. 


eomplianee 


Resístanee 


The greater the eomplianee, the 
lower the tension in the walls of 
the lungs at a given volume. 



The loss of supporting tissues 
and the destruction of alveoli 
inerease eomplianee. 



Normal lung eomplianee 


Arthritis or other skeletal 
disorders that affeet the 
articulations of the ribs 
orspinal column reduce 
eomplianee by reducing the 
elastieity of the ehest wall. 


^ easeof 

eomplianee = 

^ expansion 




Respìratory dìstress 
syndrome is caused by 
inadequate surfactant 
production.This leads to 
alveolar eollapse on exhala- 
tion. As a result, eomplianee is 
reduced. 



The lower the eomplianee, the greater 
the tension in the walls of the lungs at a 
given volume, and the harder it is for air 
to flow along the conducting passages. 


The higher the resistanee, the harder 
it is to foree air along the conducting 
passages. 



Bronehoeonstrietion 
inereases resistanee, as does 
excessive mucus production 
or airway inflammation. 



Normal lung resistanee 





Sympathetie aetivation of 
bronehodilation reduces 
resistanee. 





The lower the resistanee, the more 
easily air flows along the conduct- 
ing passageways. 



Resistanee = inflation 

foree 
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ehronk Obstructive Pulmonary Dísease 


3 


ehronie obstrnetive pnlmonary disease (COPD) is a general term 
for a progressive disorder of the airways that restriets airflow and 


rednees alveolar ventilation. We highlight three different COPDs below. 
Asthma, or asthmatie bronehitis, is the term used when symptoms are 
acute and intermittent. The terms ehronie bronehitis and emphysema are 
usually applied when signs and symptoms are long lasting and progressive 
with oeeasional erises due to infeetions. 


Asthma 

Asthma (AZ-muh) is a eondition eharaeterized by conducting passageways that are 
extremely sensitive to irritation.The airways respond to irritation by eonstrieting smooth 
muscles all along the bronehial tree.This is aeeompanied by edema and swelling of the 
mucosa of the respiratory passageways, and the aeeelerated production of mucus.The 
eombination makes breathing very difficult, and resistanee is markedly inereased.This 
ean be caused by allergies, toxins, or exercise. 



ehronìe Bronehìtìs 

ehronìe bronehìtìs (brong-KÌ-tis) is a long-term inflammation and swelling of the 
bronehial lining, leading to overproduction of mucus.The eharaeteristie sign is 
frequent coughing with copious sputum production.This eondition is most 
eommonly related to eigarette smoking but also results from other environmental 
irritants, such as ehemieal vapors. Over time, the inereased mucus production ean 
bloek smaller airways, inereasing resistanee and reducing respiratory effieieney. 
ehronie baeterial infeetions leading to more lung damage are eommon. People 
with ehronie bronehitis may have signs of heart failure, including widespread 
edema.Their blood oxygenation is low, and their skin may have a bluish eolor.The 
eombination of widespread edema and bluish eoloration has led to the deseriptive 
term blue bloaters for people with this eondition. 



Emphysema 

Emphysema (em-fi-ZÉ-muh) is a ehronie, progressive eondition eharaeterized by 
shortness of breath and an inability to tolerate physieal exertion.The underlying 
problem is the destruction of alveolar surfaces and inadequate surface area for 
oxygen and earbon dioxide exchange.The alveoli gradually expand, and adjaeent 
alveoli merge to form larger air spaees supported by fibrous tissue without alveolar 
eapillary networks. As elastie eonneetive tissues are lost, eomplianee inereases, but the 
loss of respiratory surface area restriets oxygen absorption, so the person beeomes 
short of breath.The respiratory muscles work hard, and these people, who use 
a lot of energy just breathing, tend to be thin. Chest x-rays, such as the one at right, 
show overexpanded lungs. Because their exaggerated respiratory movements 
typieally maintain near normal blood oxygenation, the skin of pale-skinned emphy- 
sema patients is usually pink.The eombination of heavy breathing and pink 
eoloration has led to the deseriptive term pink puffers for these people. 


Modyle 21.15 Revíew 


a. Define eomplianee and resistanee. 

b. Identify three ehronie obstructive 
pulmonary diseases (COPDs). 

e. Comparechronic bronehitis with 
emphysema. 



(S) 21.15 Explain how pulmonary disease affeets eomplianee and resistanee. 
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Module 21.16 


r 


Respìratory eontrol meehanìsms involve 
ìnteraetìng eenters in the brain stem 

Respiratory eontrol involves mnltiple levels of regnlation. 



Respiratory rate and rhythm are a fnnetion of a network 
of respiratory eenters that inelndes eenters in the pons and 
mednlla. Most of the regnlatory aetivities oeenr ontside 
of our awareness. 




Sta 



r 


Level 3: Higher Genters 

Higher eenters in the hypothalamys, limbie 
system, and eerebral cortex ean alter the aetivity of 
the pneumotaxic eenters, but essentially normal 
respiratory eyeles continue even if the brain stem 
superior to the pons has been severely damaged. 


Level 2: Apneustíc and 
Pneumotaxíc Genters 

The apneustìc (ap-NU-stik) 
eenters and the pneumotaxìc 

(nu-mó-TAKS-ik) eenters of the 
pons are paired nuclei that 
adjust the output of the 
respiratory rhythmieity eenters. 



The pneumotaxic eenters inhibit the apneustic eenters and 
promote passive or aetive exhalation. An inerease in pneumo- 
taxic output quickens the paee of respiration by shortening 
the duration of eaeh inhalation. A deerease in pneumotaxic 
output slows the respiratory paee but inereases the depth of 
respiration, because the apneustic eenters are more aetive. 



Inhibition 


The apneustic eenters promote inhalation by stimulating the 
DRG. During foreed breathing, the apneustic eenters adjust 
the degree of stimulation in response to sensory information 
about lung inflation from the vagus nerve. 


Level 1: Respíratory 
Rhythmíeíty Genters 

The most basie level of respiratory eontrol involves 
paeemaker eells in the medulla oblongata.These 
neurons generate eyeles of eontraetion and 
relaxation in the diaphragm.The paired respìratory 
rhythmleìty eenters establish the paee of 
respiration by adjusting these paeemakers and 
eoordinating additional respiratory muscle aetions. 
Eaeh rhythmieity eenter is subdivided into a dorsal 
respìratory group (DRG) and a ventral respíratory 
group (VRG).The DRG modifies its aetivities in 
response to input from ehemoreeeptors that 
monitor O^, GO^, and pH in the blood and 
eerebrospinal fluid and from baroreeeptors (streteh 
reeeptors) that monitor stretehing in the walls of 
the lungs. Current researeh suggests that it is 
impossible to attribute respiratory rate and 
rhythm to a single area, aside from the basie 
pattern generator in the ventrolateral medulla 
known as the pre-Bòtzinger complex. However, 
the DRG is mainly eoneerned with inspiration, and 
theVRG is primarily assoeiated with expiration. 



To diaphragm 


To external 
intereostal 
muscles 


The ìnspìratory eenter 

of the DRG eontains 
neurons that eontrol 
lower motor neurons 
innervating the external 
intereostal muscles and 
the diaphragm.This 
eenter functions in every 
respiratory eyele. 



l\/ledulla oblongata 






To aeeessory 
inspiratory 
muscles 


To aeeessory 
expiratory 
muscles 


The VRG has inspiratory 
and expiratory eenters 
that function only when 
breathing demands 
inerease and aeeessory 
respiratory muscles 
beeome involved. 


In addition to the eenters in 
the pons, the DRG and the 
VRG, the pre-Bòtzìnger 
complex in the medulla is 
essential to all forms of 
breathing. Its meehanisms 
are poorly understood. 
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2 


This ílowchart shows the 
events involved in quiet 


breathing in a person at rest. 


3 


Dnring foreed breathing, pnlmonary ventilation 
is inereased toward maximal levels throngh the 


involvement of aeeessory respiratory mnseles. 


Quìet Breathíng 


Foreed Breathìng 


INHALATION 
(2 seeonds) 


INHALATION 



Diaphragnn and external 
intereostal muscles eontraet 
and inhalation occurs. 



Aetivity in the 


Neurons in the DRG 

DRG stimulates 


beeome inaetive.They 

the inspiratory 


remain quiet for the next 

muscles. 


3 seeonds and allow the 



inspiratory muscles to 



relax. 



Diaphragm and external 
intereostal muscles relax and 
passive exhalation occurs. 



EKHALATION 
(3 seeonds) 



Inspiratory muscles eontraet, 
and expiratory muscles relax. 
Inhalation occurs. 



inereased aetivity in the 


DRG and 

DRG stimulates neurons of 


inspiratory 

the VRG that in turn aetivate 


eenter ofVRG 

the aeeessory muscles 


are inhibited. 

involved in inhalation.The 


Expiratory 

expiratory eenter of the VRG 


eenter ofVRG 

is inhibited. 


is aetive. 



After eaeh inhalation, aetive 
exhalation occurs as the 
neurons of the expiratory 
eenter of the VRG stimulate 
the appropriate aeeessory 
muscles. Inspiratory muscles 
relax. 



EXHALATION 


4 


This table lists the various sensory stimuli that ean 
modify the aetivities of the respiratory eenters. These 


stimnli ean trigger antomatie responses known as respiratory 
reflexes, which are the focus of the next module. 


Representatìve Respiratory Reflexes 


Respiratory eontrol is an area of intense study, and our 
understanding of the interaetions and meehanisms remains 
ineomplete. Due to the brain stem loeations, it is nearly 
impossible to study this meehanism in humans, and much 
of the work has been done in eats and newborn rodents. 


• ehemoreeeptors sensitive to the pH, Po^, or Peo^ of the blood or 
eerebrospinal fluid alter the aetivities of the respiratory eenters. 

• Baroreeeptors in the aortie or earotid sinuses sensitive to ehanges 
in blood pressure alter the aetivities of the respiratory eenters. 

• Streteh reeeptors that respond to ehanges in the volume of the 
lungs are responsible for inflation and deflation reflexes. 

• Irritating physieal or ehemieal stimuli in the nasal eavity, larynx, or 
bronehial tree initiate proteetive reflexes, such as coughing or 
sneezing. 


l\/lodule 21.16 Revìew 


a. Name the paired eentral nervous system 
nuclei that adjust the paee of respiration. 

b. VVhieh brain stem eenters generate the 
respiratory paee? 

e. VVhieh ehemieal faetors in blood or 
eerebrospinal fluid stimulate the 
respiratory eenters? 


(S) 21.16 Deseribe the brain stem structures that influence the eontrol of respiration. 
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Module 21.17 


r 


Respiratory reflexes províde rapìd automatìc 
adustments in pulmonary ventilation 

ehemoreeeptor Reflexes 

Under normal eonditions, the Peo, is the most important faetor stimnlating 
ehemoreeeptors and thereby inflneneing respiratory aetivity. A rise of just 10 
pereent in the arterial PeOo causes the respiratory rate to double, even if the Po. 
remains eompletely normal. In eontrast, a drop in arterial Po. has little eífeet on 
the respiratory eenters, until the arterial Po. drops below 60 mm Hg. 


This diagram shows the 
effeet of ehanges in Peo 
on the respiratory rate. 



2 


An inerease in the arterial blood 
constitutes hypereapnia.The most 
eommon cause of hypereapnia is 
hypoventilation—when respiratory 
aetivity is insufficient to meet the 
demands for tissue oxygen delivery and 
earbon dioxide removal. Garbon dioxide 
then accumulates in the blood. 



Hyperventílatìon, when the rate and 
depth of respiration exceed the demands 
for oxygen delivery and earbon dioxide 
removal, gradually leads to hypoeapnía, 
an abnormally low P^o^- Snorkelers 

sometimes hyperventilate to extend their 
time underwater; this works because it 
is the Peoj that stimulates respiratory 

aetivity. If the Poo^ 's driven down too far, 

a snorkeler may beeome unconscious 
from oxygen starvation in the brain 
without ever feeling the urge to breathe. 
This eondition is ealled shallow water 
blackout. 



Stimulation 
of arterial 
ehemoreeeptors 


Stimulation of 
respiratory muscles 


inereased P^o^ 
in eSF, deereased 

pH 


Stimulation of CSF 
ehemoreeeptors at 
medulla oblongata 


HOMEOSTASIS 

DISTURBED 

inereased 
arterial P^o^ 

(hypereapnia) 


HOMEOSTASIS 

DISTURBED 

Deereased 
arterial Poo^ 
(hypoeapnia) 




inereased respiratory 
rate with inereased 
elimination of GO^ at 
alveoli 


HOMEOSTASIS 




Normal 




arterial P^o 



HOMEOSTASIS 

t_ 

RESTORED 

1— 

Normal 


arterial Poo^ 



Deereased respiratory 
rate with deereased 
elimination of GO^ at 
alveoli 


Inhibition 


of arterial 

ehemoreeeptors 


Deereased Poo. 


ineSF 



Inhibition of 
respiratory muscles 




Deereased stimulation 
of eSF ehemoreeeptors 
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Baroreeeptor Reflexes 


2 


Baroreeeptors in the earotid and aortie sinnses are monitored by sensory nerves within 


the glossopharyngeal and vagns nerves, respeetively. The eardiovasenlar effeets of their 
stimnlation were eonsidered in Modnle 19.21 (p, 725). The sensory information is also distrib- 
uted to the respiratory eenters, triggering adjustments in the respiratory minute volume. 



Inflation/Deflation Reflexes 


3 


Inflation and deflation reflexes are aetivated by streteh reeeptors in the lungs 
during foreed breathing when the tidal volume is large (1000 mL or more). 


This sensory information is distribnted to the apnenstie eenters and the VRG. 


The ìnflatìon reflex prevents overexpansion of the lungs 
during foreed breathing. 


Streteh reeeptors loeated 
in the smooth muscle 
around bronehioles are 
stimulated by lung 
expansion. 




Respiratory muscles are 
inhibited by the respira- 
tory rhythmieity eenters, 
and inhalation stops. 


The expiratory eenters 
of the VRG are then 
stimulated, and foreed 
exhalation begins. 


The deflatíon ref1ex inhibits the expiratory eenters and 
stimulates the inspiratory eenters 
when the lungs are deflating. 




Streteh reeeptors loeated 
in the alveolar walls are 
stimulated as elastie fibers 
reeoil and the alveolar 
volume is reduced. 


Foreed inhalation now 
begins, with aetivation 
of the DRG and the 
inspiratory eenters of 
theVRG. 




The expiratory eenters 
of the VRG are inhibited. 
The inhibition continues 
until exhalation stops. 


Proteetive Reflexes 


4 


Proteetive reflexes include sneezing and 
eonghing. Sneezing is triggered by an irritation 
of the nasal eavity wall. Coughing is triggered by an 
irritation of the larynx, traehea, or bronehi. Both 
reflexes involve apnea (AP-nè-uh), a period in which 
breathing has stopped, usually followed by a forceful 
expulsion of air to remove the offending stimulus. 

Air leaving the larynx ean travel at 160 kph (99 mph), 
earrying mucus, partieles, and irritating gases out of 
the respiratory traet through the nose or mouth. 



Modnle 21.17 Revìew 


a. Define hypereapnia and hypoeapnia. 

b. Are ehemoreeeptors more sensitive or 
less sensitive to plasma levels of GO^ 
than they are to plasma levels of O^? 

e. Little Johnny is angry with his mother, 
so he tells herthat he will hold his 
breath until he turns blue and dies. 
Should Johnny's mother worry that this 
will happen? 


(S) 21.17 Identify and discuss reflex respiratory aetivity in pulmonary ventilation. 
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Module 21.18 


CLINICAL MODULE 


+ 


r 


Respiratory functíon deereases wìth 
age; smokìng makes matters worse 

All aspeets of respiratory function are aífeeted by aging. As elastie 
tissue deteriorates throughout the body, vital eapaeity deereases. 

As arthritie ehanges stiífen rib joints, eomplianee and maximum 
respiratory minute volume are deereased. These respiratory 
limitations make strenuous exercise difficult or impossible. 



In addition to skeletal and eonneetive tissue ehanges 
assoeiated with age, some degree of emphysema is 
normal in people over age 50. However, the extent varies 
widely with the lifetime exposure to eigarette smoke and other 
respiratory irritants. This graph eompares the respiratory 
performanee of people who have never smoked with those 
who have smoked for varions periods of time. The message 
is quite elear: Althongh some deerease in respiratory perfor- 
manee is inevitable, you ean prevent serions respiratory 
deterioration by stopping smoking or never starting. 


Lung Ganeer 


2 


Aeeording to the CDC, more people die from lung 
eaneer than any other type of eaneer. In 2009, lung 


eaneer affeeted an estimated 110,000 men and 96,000 women 
in the United States, and aeeonnted for 12.6 pereent of new 
eaneer eases in both men and women. Lung eaneer kills more 
people eaeh year than eolon, breast, and prostate eaneer 
eombined. More than 50 pereent of lung eaneer patients die 
within a year of diagnosis. Detailed statistieal and experimen- 
tal evidenee has shown that 85-90 pereent of all lung eaneers 
are the direet result of eigarette smoking. Before about 1970, 
this disease affeeted primarily middle-aged men, but as the 
number of women smokers has inereased (a trend that 
started in the 1940s), so has the number of women who 
develop lung eaneer. This graph shows that while the 
ineidenee of lung eaneer among men has gradnally deelined 
sinee 1992, the ineidenee among women has been inereasing. 
(ineidenee refers to new lung eaneer eases.) 
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Smoke is an irritant, and ehemieals fonnd in eigarette smoke inelnde several 
eareinogens (eaneer-eansing snbstanees). This fignre shows the progression 
of events leading to lung eaneer. The faet that eigarette smoking causes eaneer is 
not snrprising, given that the smoke eontains eareinogens. What is snrprising is 
that more smokers do not develop lung eaneer. Evidenee snggests that some smokers 
have a genetie predisposition to developing at least one form of lung eaneer. 



Normal Respìratory Epithelíum 

The normal respiratory epithelium eonsists 
of eiliated columnar epithelium with an 
abundance of mucous eells, which produce 
mucus that helps elean inhaled air.The 
irritants and inhaled eareinogens eontained 
in eigarette smoke begin a series of ehanges 
to this epithelium. 




^ehemieals and 
* 'earíiirfogens ín smake . ' 



Reversible ^ 



Dysplasla 


In dysplasìa, eells are damaged and the 
functional eharaeteristies ehange.The eilia of 
respiratory epithelial eells are damaged and 
paralyzed by exposure to eigarette smoke. 
These ehanges cause the loeal buildup of 
mucus and reduce the effeetiveness of the 
epithelium in proteeting deeper, more 
delieate portions of the respiratory traet. 


Reversible 





Abnormal eells 


Metaplasìa 

In metaplasìa, a tissue ehanges its structure, 
in response to injury or ehemieal stresses. 

In this ease the stressed respiratory surface 
eonverts to a stratified epithelium that 
proteets underlying eonneetive tissue but 
does nothing for other areas of the respiratory 
traet. Metaplasia may be reversed if the 
stressful stimulus is removed before further 
damage occurs. 



Irreversible 



Neoplasía and Anaplasìa 

In neoplasìa, the growth of abnormal 
eells forms a cancerous tumor ealled a 
neoplasm. In anaplasìa, the most 
dangerous stage, the eells beeome 
malignant and metastasize (spread) 
to other parts of the body. Neither 
neoplasia nor anaplasia is reversible, 
although the eaneers may be treated 
by ehemieals, radiation, and/or surgery. 




Modyle 21.18 Revìew 


a. Name several age-related faetors that 
affeet the respiratory system. 

b. Is the ineidenee of lung eaneer in U.S. 
males inereasing or deereasing? 

e. Gompare dysplasia, metaplasia, 
neoplasia, and anaplasia. 


21.18 Deseribe age-related ehanges to, and the effeets 
of eigarette smoking on, the respiratory system. 


Seetion 2: Respiratory Physiology • 821 



























































































Matehìng 


Mateh eaeh lettered term with the most elosely related deseription. 


a. apnea 

b. hemoglobin releases more O 
e. lowers vital eapaeity 

d. external intereostals 


e. iron lon 


f. Boyle's law 

g. eomplianee 

h. biearbonate ion 


I. anoxia 


j. ateleetasis 

k. hypoeapnia 

l. pneumotaxic eenters 

m. apneustic eenters 

n. partial pressure 











10 


11 


12 


13 


14 


Single gas in a mixture 

A cause of tissue death 

Inverse pressure/volume relationship 

Expandability of lungs 

eo^ transport 

Elastie tissue deterioration 

Aet to elevate ribs 

Heme unit 

Blood pH deereases 

Promotes passive or aetive exhalation 

Stimulate DRG and promotes inhalation 

Hyperventilation 

Gollapsed lung 

Period of suspended respiration 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 


Short answer 

Identify and deseribe the various pulmonary volumes and eapaeities indieated in the spirogram below. 



Seetíon íntegratìon 


Gompare and eontrast external respiration, pulmonary ventilation, and internal respiration. 
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GHAPTER 21 REVIEVV • The Respiratory System 



Study Outlìne 


SEGTION 1 • Anatomyof the Respìratory System 



The respìratory system has an upper and lower respìratory 
traet wìth dífferent functìons p. 787 


1. The respíratory system is eomposed of structures for 
breathing, or pulmonary ventílatìon (airflovv to and from 
lungs), and gas exchange. 

2. The respiratory system is divided into an upper and lovver 
respiratory system. 

3. The respiratory traet is a 

passagevvay that earries air 
to and from the exchange 
surfaces of the lungs. It has 

a conducting portion and a 
respiratory portion. 

4. The conducting portion 
extends from the nasal eavity 
dovvn to the larger bronehioles 
of the lungs.The respiratory 
portion includes the smallest 
bronehioles and alveoli (air-filled saes vvhere gas exchange 
occurs). 

5. The respiratory system functions to provide an extensive 
surface area for gas exchange betvveen the air and 
circulating blood, move air to and from the gas exchange 
surfaces of the lungs, proteet the respiratory surfaces, 
produce sounds for communication, and faeilitate 
olfaetion. 




The respìratory mucosa ìs proteeted by the respìratory 
defense system p. 788 


6. The respiratory defense system lines the conducting 
portion of the respiratory traet, and prevents 
eontamination of the deíieate exchange surfaces by debris 
or pathogens. 

7. The respiratory mucosa lines the conducting portion of 
the respiratory traet. 

8. A pseudostratified eiliated columnar epithelium vvith 
numerous mucous eells lines the nasal eavity, the superior 
portion of the pharynx, and the traehea, bronehi, and large 
bronehioles. 

9. The eilia move mucus, debris, and mieroorganisms tovvard 
the pharynx, vvhere they vvill be svvallovved. This is the 

mucus esealator. 

10. Gystie fibrosis (CF) causes production of a thiek and stieky 
mucus in the conducting portions of the respiratory traet. 
Potentially lethal infeetions may result as such dense 
mucus accumulates because it eannot be transported. 



The upper respìratory system ìncludes the nose, nasal 
eavìty, paranasal sìnuses, and pharynx p. 790 


13. The maxillary, frontal, ethmoid, and sphenoid bones that 
form the lateral and superior vvalls of the nasal eavity 
eontain paranasal sinuses.The mucus produced in these 
sinuses drains into the nasal eavity and helps keep it moist. 

14. The nasal septum divides the nasal eavity, and is formed 
by the perpendicular plate of the ethmoid bone and vomer. 

15. The pharynx is divided into the nasopharynx, 
oropharynx, and laryngopharynx. Other important 
structures of the upper respiratory system are the 

internal nares, nasal vestibule, hard palate, and 
soft palate. 

16. The extensive netvvork of veins in the nasal eavity delivers 
body heat to the nasal eavity, so inhaled air is vvarmed 
before it leaves the nasal eavity.The heat also evaporates 
moisture from the epithelium to humidify the ineoming air. 



The larynx proteets the glottìs and produces sounds 


p. 792 


17. The larynx is made of three unpaired eartilages: the 
epiglottis (prevents liquids and solid food from entering 
giottis vvhen svvallovving), thyroid eartilage (forms most 
of the anterior and lateral larynx), and erieoid eartilage 
(supports and proteets the gíottis). 

18. The vestibular ligaments and the voeal ligaments 

extend betvveen the thyroid eartilage and the arytenoid 
eartilages. 

19. When the glottis is open, flovving air vibrates its voeal folds, 
or voeal eords, that eontain the elastie voeal ligaments. 
Vibration of the voeal folds produces sound vvaves. 

20. Sound production at the larynx is ealled phonation. Clear 
speeeh requires articulation. 



The traehea, bronehì, and bronehìal branehes eonvey aìr to 

and from lung gas exchange surfaces p. 794 

21. The traehea is a flexible airvvay 
eontainingl 5-20 C-shaped 
traeheal rings that support and 
proteet its vvall.The traehea 
branehes to form left and right 
primary bronehi. 

22. The traehealis muscle 

eonneets the ends of the 
C-shaped traeheal eartilages. 

Sympathetie stimulation of this 
muscle inereases the diameter 
of the traehea to allovv more 
airflovv. 

23. Air-conducting passagevvays 

in the lovver respiratory 
traet occur in the follovving H 

order: traehea, primary bronehi, seeondary bronehi 
(three to right lung, three to left lung), tertiary bronehi, 
bronehioles, terminal bronehioles, and pulmonary 
lobules. 



11. The nose is the passagevvay for air entering the respiratory 
system. It is made of the bridge of the nose and nasal 
eartilages. Air enters through the external nares, or nostrils. 

12. Air then flovvs past the eonehae, causing svvirling that ean 
trap partieles and assist olfaetion. 


24. Bronehiole vvalls laek eartilages, but eontain 
smooth muscle. Sympathetie stimulation causes 
bronehodilation, and parasympathetie stimulation causes 
bronehoeonstrietion. Extreme bronehoeonstrietion may 
occur during allergie reaetions such as asthma. 
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GHAPTER 21 REVIEVV • The Respiratory System (continued) 



The lungs have lobes that are subdìvìded ìnto 
bronehopolmonary segments p. 796 

25. The bronehìal tree is 

the branehing pattern of 
bronehi and bronehioles. 



26. 


27. 


Eaeh tertiary bronchus 
supplies air to a single 
bronchopulmonary 
segment. Eaeh lung 
lobe eontains at least 
two bronchopulmonary 
segments. 


The root of the lung is 

a meshwork of dense 
eonneetive tissue that positions bronehi and other vessels 
against the lungs. 


28. The right lung has three lobes (superíor, middle, and 
inferior), an oblique fissure, and a horizontal fissure. 

The left lung has two lobes (superior and inferior) and an 
oblique fissure. 


29. A hilum is on the medial surface of eaeh lung, and is 
where the bronehi and other vessels enter and exit the 
lung. 



Pulmonary lobules eontaìn alveolì, where gas exchange 
occurs p. 798 


30. Eaeh lung eontains 150 million alveoli, or air saes. They are 
at the end of the respiratory traet. 

31. Eaeh tertiary bronchus delivers air to a single 
bronchopulmonary segment, where it repeatedly branehes 
into terminal bronehioles. 


32. Eaeh terminal bronehiole forms a respiratory bronehiole as 
it supplies a single pulmonary lobule. This is the start of 
the respiratory portion of the respiratory traet. 

33. A respiratory bronehiole opens into an alveolar duct. 

Eaeh alveolar duct opens up into an alveolar sae. An 
alveolar sae is eonneeted to many individual alveoli. 

34. The alveolar epithelium is primarily a simple squamous 
epithelium of type I pneumocytes. Type II pneumocytes 

seerete surfactant, an oily seeretion that prevents alveoli 
from eollapsing. Alveolar maerophages patrol the 
epithelium. 

35. Gas exchange occurs aeross the respiratory membrane at 
eaeh alveolus. 



Pulmonary ventìlatìon ìs drìven by pressure ehanges 
wìthìn the pleural eavìtìes p. 802 


40. The relationship between pressure (P) and volume (V) 
is inversely proportional. If the volume of a eontainer is 
deereased by half, the pressure within it will double; if the 
volume is doubled, the pressure deereases by half. This is 
ealled Boyle's law. 

41. Movements of the diaphragm and rib eage cause a ehange 
in volume of the thoraeie eavity. At the start of a breath, no 
air moves as the pressures inside and outside the thoraeie 
eavity are identieal. 

42. Air will flow from high pressure to lower pressure. As the 
thoraeie eavity volume enlarges during inhalation, air flows 
into the lungs. When the thoraeie eavity volume deereases 
in exhalation, inereasing air pressure forees air out of the 
lungs. 

43. The direetion of airflow is determined by the differenee 
between atmospherie pressure and ìntrapulmonary 
pressure. 

44. The amount of air moved during inhalation and exhalation 
is ealled tídal volume (Vj). At rest this is approximately 
500 mL. 
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Respìratory muscles ìn varìous eombìnatìons adjust the 
tìdal volume to meet respìratory demands p. 804 


45. Inspìratory muscles are involved with inhalation, and 
expìratory muscles are involved with exhalation. 

46. The prímary ìnspìratory muscles are the diaphragm and 
external intereostals.The aeeessory ínspíratory muscles 

are sternoeleidomastoid, sealene, peetoralis minor, and 
serratus anterior. 


47. The aeeessory expìratory muscles are internal 
intereostals, transversus thoraeis, external oblique, rectus 
abdominis, and internal oblique. 

48. Pulmonary volumes and eapaeities include tìdal volume 
(Vj), ìnspìratory reserve volume (IRV), ínspíratory 
eapaeìty, vítal eapaeìty, functíonal resìdual eapaeìty 
(FRC), resídual volume, total lung eapaeìty, mìnìmal 
volume, and expìratory reserve volume (ERV). 
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Pulmonary ventìlatìon must be elosely regulated to meet 
tìssue oxygen demands p. 806 


49. The respiratory system adjusts pulmonary ventilation to 
meet the oxygen demands of the body. 


SEGTION 2 • Respìratory Physìology 


50. Respíratory rate is the number of breaths per minute. The 
normal rate for a resting adult is 12-18 breaths per minute, 
and for ehildren it is 18-20 breaths per minute. 



Respìratory physìology ìnvolves external and ìnternal 
respìratìon p. 801 


36. Respíratìon refers to external respiration and internal 
respiration. 

37. External respíratìon involves the exchange of oxygen 
and earbon dioxide between the body and the external 
environment. 


38. Internal respìratíon involves the absorption of oxygen 
and release ofearbon dioxide bytissues. 

39. Pulmonary ventìlatíon, or breathing, involves the 
physieal movement of air into and out of the lungs. It 
primarily functions to maintain alveolar ventìlatíon, the 
movement of air into and out of the alveoli. 


51. The volume of air moved eaeh minute is ealled respíratory 
mìnute volume (V^). It is calculated by multiplying 
respiratory rate (/) by tidal volume (Vj).Tidal volume 

at rest averages 500 mL per breath. Respiratory minute 
volume at rest is about 6 L/min. 

52. Alveolar ventìlatíon (Vy^) is the amount of air reaehing 
the alveoli eaeh minute. Some of the air never reaehes the 
alveoli because it remains in the conducting portion of the 
lungs. This is the anatomìe dead spaee (Vp), and at rest is 
nearly 150 mL of the 500 mL of tidal volume. 

53. Alveolar ventilation equals respiratory rate multiplied by 
tidal volume minus anatomie dead spaee. 

54. Whenever the demand for oxygen inereases, both tidal 
volume and respiratory rate must be inereased. 
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Gas dìffusìon depends on the partìal pressures and 
solubìlìtìes of gases p. 808 


55. The partìal pressure (P) of a gas is the pressure exerted by 
a single gas in a mixture of gases. 

56. All the partial pressures added together equal the total 
pressure exerted by the gas mixture; this is known as 

Dalton's law. 

57. A gas in solution is direetly proportional to the partial 
pressure of that gas.This prineiple is known as Henry's 
ìaw. 

58. In external respiration, blood arriving at the pulmonary 
arteries has a lower Po^ and a higher Poo^ than does 
alveolar air. Henee, diffusion aeross the respiratory 
membrane inereases blood Po^ and deereases blood Poo^- 

59. The values for pulmonary arterial blood are a Po^ of 40 
mm Hg, and a P^o^ 0^45 mm Hg.The values for alveolar 
air are a Po^ of 100 mm Hg, and a P^o^ of 40 mm Hg. Blood 
reaehes equilibrium with alveolar air and departs the 
alveoli at a Po^ of 100 mm Hg, and a P^o^ of 40 mm Hg. 

60. Partial pressure of oxygen drops to 95 mm Hg as it mixes 
with venous blood from the conducting passageways. 
Therefore, Po^ in the peripheral eapillaries is 95 mm Hg. 
Normal interstitial fluid has a Po^ of 40 mm Hg. 

61. In internal respiration, blood enters systemie eapillaries 
at a P 02 of 95 mm Hg, and a P^o^ of 40 mm Hg. Interstitial 
fluid is a P 02 of 40 mm Hg, and a P^o^ of 45 mm Hg. Blood 
reaehes equilibrium and departs systemie eapillaries with a 
P 02 of 40 mm Hg, and a P^o^ 0^45 mm Hg. 
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Almost all the oxygen ìn the blood ìs transported bound to 
hemoglobìn wìthìn red blood eells p. 810 




In the blood leaving the alveolar 
eapillaries, only 1.5 pereent of 
the oxygen moleeoies are in 
solution.The rest are bound to 
the heme units of hemoglobin 
(Hb) molecules. 



A hemoglobin molecule has four 
globular protein subunits, eaeh 
eontaining a heme unit.Thus, 
eaeh hemoglobin molecule ean 
reversibly bind up to four oxygen 
molecules, forming oxyhemoglobìn (HbO^). 


64. Hemoglobìn saturatìon is the pereentage of heme units 
eontaining bound oxygen. An oxygen-hemoglobín 
saturatìon curve shows the saturation of hemoglobin at 
different partial pressures of oxygen. Above 60 mm Hg, 
hemoglobin is 90 pereent saturated. 


65. The Bohr effeet is the ehange of oxygen-hemoglobin 
saturation due to pH. Normal blood pH is 7.35-7.45. 

As pH inereases, the saturation curve shifts to the left 
(hemoglobin releases less oxygen); as pH deereases, it 
shifts to the right (hemoglobin releases more oxygen). 


66. The higher the temperature, the more readily hemoglobin 
releases oxygen. 
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IVIost earbon dìoxìde transport occurs through the 
reversìble formatìon of earbonìe aeìd p. 812 


67. After entering the bloodstream, a GO^ molecule is 

eonverted to a molecule of earbonie aeid (70%), bound to 
the protein portion of hemoglobin molecules (23%), or 
dissolved in plasma (7%). All three reaetions are reversible. 


68. Garboníe anhydrase eonverts 70 pereent of the GO^ in 
blood to earbonie aeid.The earbonie aeid molecules 
immediately dissoeiate into a hydrogen ion and a 
biearbonate ion.The biearbonate ions move into the 
plasma in exchange for ehloride ions in an event ealled the 
ehlorìde shíft. 

69. Some 23 pereent of the GO^ is bound to the 
globular protein portion of the Hb molecule in 

earbamìnohemoglobìn (HbGO^). 

70. Only 7 pereent of GO^ is dissolved in plasma. 
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Pulmonary dìsease ean affeet both lung elastìeìty and 
alrflow p. 814 


71. eompllanee deseribes how easily lungs expand. 
Reslstanee deseribes how much foree is required to inflate 
or deflate lungs. 

72. ehronk obstructlve pulmonary dlsease (COPD) is 

a general term for a disorder restrieting airflow and 
deereasing alveolar ventilation. 

73. Asthma is the term used when symptoms are acute 
and intermittent.The terms ehronle bronehltls and 
emphysema are usually applied when signs and 
symptoms are ehronie and progressive with oeeasional 
erises due to infeetions. 
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Resplratory eontrol meehanlsms Involve interaetlng 
eenters In the braln stem p. 816 


74. Respiratory eontrol involves the resplratory rhythmlelty 
eenters in the medulla oblongata, the apneustlc and 
pneumotaxlc eenters in the pons, and the hlgher 
eenters: the hypothalamus, limbie system, and eerebral 
cortex. 
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Resplratory reflexes provlde rapld automatlc adjustments 
In pulmonary ventllatlon p. 818 


75. Normally, most important faetor stimulating 

ehemoreeeptors and thereby influencing respiratory 
faetors. 


76. An inerease in arterial Peo^ (hypereapnla) is most 
eommonly caused by hypoventilation.This occurs when 
respiratory aetivity is insufficient for GO^ removal, causing 
eo^ to inerease in blood. 

77. A deerease in arterial Peo^(hypoeapnla) occurs when the 
rate and depth of respiration exceed the demands for O^ 
delivery and GO^ removal, as in hyperventllatlon. 

78. Baroreeeptors in the earotid and aortie sinuses trigger 
adjustments in respiratory minute volume. 

79. Inflatlon ref1exes prevent overexpansion of the lungs. 
Deflatlon reflexes stimulate the inspiratory eenters when 
the lungs are deflating. 

80. Proteetlve reflexes include sneezing and coughing. Both 
reflexes involve apnea, a period when breathing has 
stopped. 
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Resplratory f unctlon deereases wlth age; smoklng makes 
matters worse p. 820 


81. Respiratory function (vital eapaeity and eomplianee) 
deereases with age. Never having smoked, or stopping 
smoking, ean prevent serious respiratory deterioration. 

82. Lung eaneer kills more people than any other type of 
eaneer. Smoking causes 85-90 pereent of all eaneers. 
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GHAPTER 21 REVIEVV • The Respiratory System (continued) 


ehapter Revìevv Questíons 


Labelìng 

Provide the values, in 
millimeters of mercury 
(mm Hg), on this illustration 
of the partial pressures of 
oxygen and earbon dioxide 
during external respiration 
in the pulmonary circuit and 
internal respiration in the 
systemie circuit. 


Matehíng 





1 


1 

2 



Alveolus 


Respiratory 

membrane 



3 


4 



Pulmonary 

eapillary 




Internal Respìratíon 


Interstitial fluid 


1 . 


10 



Mateh eaeh lettered term with the most elosely related deseription. 


a. respiratory rate 

b. heme unit of Hb molecule 
e. left lung 

d. inereasing pH 

e. pulmonary ventilation 

f. vital eapaeity 

g. total lung eapaeity 

h. rightlung 

i. globular unit of Hb molecule 

j. respiratory minute volume 

k. resistanee 

l. alveolar ventilation 


13 

14 

15 

16 
17 


18 

19 

20 

22 


23 

24 


Airflow to and from lungs 

Volume of air reaehing alveoli eaeh minute 

Has two lobes 

Binds eo^ 

Volume of air moved into and out of lungs 
eaeh minute 

Binds O2 

Number of breaths eaeh minute 

Hb molecule releases less O2 

Foree required to inflate/deflate lungs 

Maximum amount of air moved into and out 
of lungs in one respiratory eyele 

Has three lobes 

Vital eapaeity plus residual volume 


13 

14 

15 

16 
17 


18 

19 

20 
21 
22 


23 

24 


IVIultíple ehoíee 


Seleet the eorreet answer from the list provided. 



Surfactant 

Q a) proteets the outer surface of the lungs. 

Q b) phagoeytizes small partieles. 

Q e) replaees mucus in the alveoli. 

Q d) helps prevent the alveoli from eollapsing. 



One of the responses to an abnormally low P^o^ would be 

Q a) deereased respiratory rate. 

Q b) inereased respiratory rate. 

Q e) hypereapnea. 

Q d) ehronie obstructive pulmonary disease. 
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The narrovv opening in the larynx for inhaled air is ealled the 

Q a) epiglottis. 

Q b) rima glottidis. 

Q e) pharynx. 

Q d) internal nares. 



VVhieh of the follovving muscle eombinations are the primary 
muscles of inspiration? 

Q a) diaphragm and the internal intereostal muscles 
Q b) diaphragm and the external intereostal muscles 
Q e) abdominal muscles and the internal intereostal muscles 
Q d) abdominal muscles and the external intereostal muscles 


Short answer 




Name the three regions of the pharynx, and identify vvhere eaeh 
region is loeated. 

By vvhat three meehanisms is earbon dioxide transported in the 
bloodstream? 




Boyle's lavv states that 

Q a) all the partial pressures in a gas mixture added together 

equals the total pressure exerted by the gas mixture. 

Q b) the amount of a particular gas in solution is direetly 

proportional to the partial pressure of that gas. 

Q e) the shape of hemoblogin molecules ehanges as the 

number of bound molecules inereases, and these 
ehanges affeet its affinity for oxygen. 

Q d) if you reduce the volume of a flexible eontainer by half, the 

pressure vvithin it vvill double. 

VE = f X Vj is the formula used to calculate 

Q a) Dalton's lavv. 

Q b) alveolar ventilation. 

Q e) respiratory minute volume. 

Q d) vital eapaeity. 



VVhy is breathing through the nasal eavity more desirable than 
breathing through the mouth? 


MasteringA&P® 

Aeeess more ehapter study tools online in the MasteringA&P Study Area: 

■ ehapter Quízzes, Ghapter PraetieeTest, Art-labeling Aetivities, 
Anímatíons, MP3Tutor Sessions, and Glínieal Case Studies 



■ Praetiee Anatomy Lab PAL 


■ interaetive Physiology ip® 


■ A&P Flix 



■ PhysioEx 


PhysioEx 



ehapter Integratíon • Applyíng what you have learned 


Spríng breaksnorkeling danger 


Jake is an aetive 22'year-old eollege stndent who enjoys water sports. 

In faet, he has an athletie seholarship to swim on the nniversity swim 
team. While on spring break at an oeeanfront hotel with both beaeh 
and pool aeeess, Jake deeides to go snorkeling. The sun is shining, the air 
temperature is 80°F, and the oeean is a refreshing 72°F. His normal alveolar 
ventilation rate (AVR) during mild exercise is 6.0 L/min, and his snorkel 
has a volume of 50 mL. 

After snorkeling in the oeean all afternoon, Jake heads to the pool to 
meet up with some friends. Before diving in, he hyperventilates for several 
minntes. After he enters and begins swimming underwater, he blaeks out 
and almost drowns. Fortnnately, friends notiee that something s wrong and 
pull him out of the pool to safety. Jake reeovers within 15 seeonds and does 
not require pulmonary resnseitation or medieal treatment. 




Assuming a eonstant tidal volume of 500 mL and an anatomie dead spaee of 
150 mL, what would Jake's respiratory rate have to be for him to maintain an 
AVR of 6.0 L/min while snorkeling? 

What caused Jake to blaek out and nearly drown? 



1 - 




Chapter21 Review • 827 




































Á 


These Learning 
Onteomes 
eorrespond 
by nnmberto 
this ehapter's 
modnles and 
indieate what 
you shouid be 
able to do after 
eompleting 
the ehapter. 


SEGTION 1 • Organízation of the Digestíve System 


22.1 


22.2 


22.3 


22.4 


Name the major and aeeessory organs of the digestive system. 

Deseribe the functional histology of the digestive traet. 

Deseribe the structural and functional features of smooth muscle tissue. 
Explain the proeesses by which materials move through the digestive traet. 


SECTION2 • Dígestìve Traet 


22.5 


22.6 


22.7 


22.8 


22.9 


22.10 


22.11 


22.12 


22.13 


22.14 


22.15 


22.16 


22.17 


Name the structures and primary functions of the digestive traet organs. 

Deseribe the anatomy of the oral eavity, and discuss the functions of its structures. 

Deseribe the types of teeth, and differentiate between the primary and seeondary 
dentition. 

Deseribe the anatomy and functions of the pharynx and esophagus, and explain the 
swallowing proeess. 

Explain the embryonie development of the mesenteries, and deseribe the mesenteries 
that remain in adulthood. 

Deseribe the anatomy of the stomaeh and its histologieal features. 

Deseribe the anatomy of the stomaeh relating to its role in digestion 
and absorption. 

Deseribe the anatomy of the intestinal traet and its histologieal features. 

Deseribe the anatomy and physiology of the small intestine. 

Discuss the major digestive hormones and their primary effeets. 

Explain the regulation of gastrie aetivity by eentral and loeal meehanisms. 

Deseribe the gross anatomy of the three segments of the large intestine. 

Deseribe the large intestine's histology and role in feeal eompaetion, and 
explain the defeeation reflex. 




(S) 

Learning Onteomes 
arerepeated atthe 
bottomofeaeh 
module. 




SEGTION 3 • Aeeessory Digestive Organs 


22.18 


22.19 


22.20 


22.21 


22.22 


22.23 


Deseribe the functions of the aeeessory organs of the digestive 
system. 

Discuss the structure and functions of the salivary glands. 

Deseribe the anatomy and loeation of the liver and gallbladder. 

Deseribe the histologieal features of liver tissue. 

Deseribe the structure, functions, and regulatory aetivities of 
the gallbladder and panereas. 

CLINICALI\/IODULE Briefly deseribe several digestive 
system disorders. 
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Module22.1 




SEGTION 1 • Organization of the Digestive System 


The digestive system eonsists of the 
digestive traet and aeeessory organs 

The digestive system eonsists of a muscular tube, the digestive traet—also 
ealled the gastrointestinal (GI) traet, or alimentary eanal—and varions aeeessory 
organs. Food enters the mouth and passes along the length of the digestive 
traet. On the way, aeeessory organs meehanieally proeess the food and prodnee 
seeretions eontaining water, enzymes, bnffers, and other eomponents that assist 


in preparing organie and inorganie nntrients for absorption. 



The digestive system works with 
other systems to support tissues that 
have no direet eonneetion with the ontside 
environment and no other means of 
obtaining nntrients. 


The digestive 
system provides 
the nutrients eells 
need for mainte- 
nanee and growth. 



2 


The digestive traet begins at the oral eavity (mouth) and eontinnes 
throngh the pharynx (throat), esophagns, stomaeh, small 


intestine, and large intestine, which opens to the exterior at the anus. 
Aeeessory digestive organs inelnde the teeth, tongue, gallbladder, and 
glandnlar organs, such as the salivary 
glands, liver, and panereas. 


Major Organs of 
the Dìgestìve Traet 

Oral eavity (mouth) 


Pharynx 


Esophagus 


Stomaeh 


Small intestine 


Large intestine 


Gardio- 

vascular 

system 



The respiratory 
system works with the 
cardiovascular system 
to supply oxygen to 
eells and remove 
earbon dioxide. 



Tissue eells 



The urinary system 
removes the organie 
wastes generated by 
eell aetivities. 



Aeeessory Organs of 
the Dìgestìve System 

Teeth (not shown) 


Tongue (within oral 
eavity) 

Salivary glands 


Liver 


Gallbladder 


Panereas 


IVIodule22.1 Revìew 


Anus 


a. VVhieh other systems workwith the digestive 
system to support tissues that have no direet 
eonneetion with the outside environment? 

b. Starting at the mouth, identify the organs 
of the digestive traet. 

e. List the aeeessory organs ofthe digestive 
system. 


(S) 22.1 Name the major and aeeessory organs of the digestive system. 
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Module22.2 



The dìgestive traet is a muscular 
tube lined by a mucous epithelium 

The structure of the digestive traet varies to some degree from one 
region of the digestive traet to another. The eomposite view shown 
in this module most elosely resembles the small intestine, the 
longest segment of the digestive traet. 



The digestive traet is basieally a long muscular 
tube lined by a mucous membrane. The lining 
often eontains permanent ridges as well as temporary 
folds that disappear as the passageway fills. Together 
the ridges and folds dramatieally inerease the snrfaee 
area available for absorption. 



Mesenterie 
artery and vein 


Circular 

folds 


A mesentery is a double sheet of peritoneal membrane.The areolar tissue 
betvveen the mesothelial surfaces provides an aeeess route for the passage 
of blood vessels, nerves, and lymphatie vessels to and from the digestive 
traet. Mesenteries also stabilize the positions of the attaehed organs and 
prevent the intestines from beeoming entangled during digestive 
movements or sudden ehanges in body position. 


Mesothelium 

Areolar tissue 
Mesothelium 



Major Layers of the Dìgestìve Traet 
Mucosa 


The inner lining, or mucosa, of the digestive traet is a mucous 
membrane eonsisting of an epithelium, vvhieh is moistened 
by glandular seeretions, and a lamina propria of areolar tissue. 


Submucosa 


The submucosa is a layer of dense irregular eonneetive tissue 
that surrounds the mucosa.The submucosa has large blood 
vessels and lymphatie vessels, and in some regions it also 
eontains exocrine glands that seerete buffers and enzymes 
into the lumen of the digestive traet. 


Muscularìs Externa 


The muscularìs externa is dominated by smooth muscle 
eells in tvvo layers, an inner circular layer and an outer 
longitudinal layer.These layers play an essential role in 
meehanieal proeessing and in the movement of materials 
along the digestive traet. 


Serosa 


Along most portions of the digestive traet vvithin the 
peritoneal eavity, the muscularis externa is eovered by a 
layer of viseeral peritoneum knovvn as the serosa.There is 
no serosa eovering the muscularis externa of the oral eavity, 
pharynx, esophagus, and rectum. Instead, a dense netvvork 
of eollagen fibers forms a sheath—ealled an adventitìa 
(ad-ven-TISH-uh)—that firmly attaehes the digestive traet 
to adjaeent structures. 
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Eaeh layer in the wall of the digestive 
traet has a different set of fnnetions. 


The mneosa has several strnetnral featnres 
that enhanee its abilities to absorb nntri- 
ents from the Inmen of the traet. Those 
featnres are shown in this diagrammatie 
view. 


Seeretory Glands 


The seeretions of gland 
eells loeated in the mucosa 
and submucosa—or 
in aeeessory glandular 
organs—are earried to 
the epithelial surfaces by 
ducts. 


Cìrcularfolds (plieae 
circulares) are perma- 
nent transverse folds in 
the intestinal lining. 



l\/lucosal glands 


Submucosal gland 


Artery and vein 
Lymphatie vessel 


l\/lucosa 

Submucosa 



Circular 
muscle layer 

Longitudinal 
muscle layer 


Serosa 


eomponents of the Moeosa 



The mucosal epithelium of the oral eavity, pharynx, and 
esophagus are lined by a stratified squamous epithelium.The 
stomaeh, small intestine, and almost the entire length of the 
large intestine are lined by a simple columnar epithelium that 
eontains mucous eells. 


Villi (singular, vìllus) are small mucosal projeetions, like tiny 
fingers, that stiek into the lumen of the small intestine.These 
are permanent features that further inerease the surface area 
available for absorption. 


The lamina propria eonsists of a layer of areolar tissue that 
also eontains blood vessels, sensory nerve endings, lymphatie 
vessels, smooth muscle eells, seattered areas of lymphoid 
tissue, and, in some regions, mucous glands. 


The muscularis (mus-ku-LAIR-is) mucosae (mu-KO-sè) 
eonsists of two eoneentrie layers of smooth muscle.The inner 
layer eneireles the lumen (the circular muscle layer), and the 
outer layer eontains muscle eells oriented parallel to the long 
axis of the traet (the longitudinal muscle layer). Gontraetions 
in these layers alter the shape of the lumen and move the 
circular folds and villi. 


Superficial to the muscularis externa, the submucosa 
eontains the submucosal plexus, a nerve network that 
eontains sensory neurons, parasympathetie ganglionie 
neurons, and sympathetie postganglionie fibers that 
innervate the mucosa and submucosa. 


The muscularis externa eontains the myenterìe (mí-en-TER-ik) 
plexus (mys, muscle -i- enteron, intestine).This network of parasym- 
pathetie ganglia, sensory neurons, interneurons, and sympathetie 
postganglionie fibers lies sandwiched between the circular and 
longitudinal muscle layers.The myenterie plexus and the submuco- 
sal plexus eontain neurons of the enterie nervous system, and most 
digestive aetivities are loeally eontrolled. In general, parasympathetie 
stimulation inereases muscle tone and aetivity; sympathetie 
stimulation deereases muscle tone and aetivity. 


Moelyle 22.2 Revíew 


a. \/\/hat is the importanee ofthe 
mesenteries? 

b. Name the four layers ofthe digestive 
traet beginning from the lumen of the 
digestivetraet. 

e. Gompare the submucosal plexus with 
the myenterie plexus. 


(S) 22.2 Deseribe the functional histology of the digestive traet. 
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Module22.3 


r 


Smooth muscle tíssue ís found throughout 
the body, but ìt plays a partícularly 
promìnent role in the dígestíve traet 

Smooth muscle tissue forms sheets, bundles, or sheaths around other tissnes 
in almost every organ. Smooth mnseles around blood vessels regnlate blood 
flow throngh vital organs. In the digestive and nrinary systems, smooth muscle 
sphineters regnlate the movement of materials along internal passageways. 



Smooth muscle eells are relatively long and slender, 
ranging from 5 to 10 pm in diameter and from 30 to 
200 (im in length. Wherever smooth muscle tissue forms 
layers, the eells are aligned parallel to 
one another. In the digestive traet, 
there is usually an inner eirenlar 
layer and an outer longitndinal 
layer. In a longitudinal seetion of 
the digestive traet, the muscle 
eells in the eirenlar layer of the 
muscularis externa look like 
little round balls, whereas 
those in the longitndinal 
layer look like long spindles. 




Circular 
muscle layer 


Longituclinal 
muscle layer 


Smooth muscle 


LM X 65 


2 


Like skeletal and eardiae mnsele eells, aetin and myosin 


filaments are involved in smooth muscle eontraetions. 
However, the organization of those filaments differs from that 
of skeletal or eardiae muscle eells. A smooth muscle fiber has no 
T tubules, and the sareoplasmie reticulum forms a loose network 
throughout the sareoplasm. Smooth muscle eells also laek myofi- 
brils and sareomeres. As a result, this tissue also has no striations 
and is ealled nonstriated muscle. 


Relaxed (seetíonal víew) 


Dense body 



The thin filaments in a smooth 
muscle eell are attaehed to dense 
bodìes, structures distributed 
throughout the sareoplasm. 
Dense bodies are similarto the 
Z lines of skeletal muscle tissue. 


Thiekfilaments are seattered 
throughout the sareoplasm, 
and there are more myosin 
heads per thiek filament 
than in skeletal or eardiae 
muscle eells. 


Relaxed (superfícíal víew) 



A network of intermediate 
filaments intereonneets the 
dense bodies. Some of the 
dense bodies are firmly 
attaehed to the sareolemma. 


Adjaeent smooth muscle eells 
are bound together at dense 
bodies, transmitting the 
eontraetile forees from eell to 
eell throughout the tissue. 


Gontraeted 

(superfícíal 

view) 



When sliding occurs between thin and thiek filaments, the eell 
shortens. Because the dense bodies are not arranged in straight 
lines, the muscle eell twists like a corkscrew as it eontraets. 
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Smooth muscle tissue ean be divided into two 
snbtypes based on distinetively different methods 


of innervation and eontrol. 


Types of Smooth Mosele 


Vìseeral Smooth Muscle 

Most vìseeral smooth muscle eells laek a direet eontaet with any 
motor neuron.These muscle eells are arranged in sheets or layers, 
with adjaeent muscle eells eleetrieally eonneeted by gap junctions and 
meehanieally eonneeted by dense bodies. As a result, whenever one 
muscle eell eontraets, the stimulus for eontraetion ean travel to adjaeent 
smooth muscle eells, and the eontraetion spreads in a wave throughout 
the layer. A eontraetion ean occur in response to neural, hormonal, or 
ehemieal stimuli. In addition, many viseeral smooth muscle networks 
show rhythmie eyeles of aetivity triggered by paeesetter eells that 
eontraet spontaneously at regular intervals. Viseeral smooth muscle 
eells are loeated in the walls of the digestive traet, the gallbladder, 
the urinary bladder, and many other internal organs. 


>■ - Stimulation aeross 

eell-to-eell eonneetions 



junction 


Neuro- 

transmitter 


Paeesetter eell 


Smooth muscle eell 


KEY 


IVIultí-unít Smooth Mosele 

Multí-unìt smooth muscle eells are innervated in 
motor units eomparable to those of skeletal muscles, 
but eaeh smooth muscle eell may be eonneeted to more 
than one motor neuron. Multi-unit smooth muscle 
tissue is loeated in the iris of the eye, where it regulates 
the diameter of the pupil; along portions of the male 
reproductive traet; within the walls of large arteries; and 
in the arreetor pili muscles of the skin. 



neurotransmitter 

release 


Because the thiek and thin filaments of smooth muscle are seattered 
and are not organized into sareomeres, tension development and 
resting length are not direetly related. A stretehed smooth muscle 
soon adapts to its new length and retains the ability to eontraet on 
demand. This ability to fnnetion over a wide range of lengths is ealled 
plastieity. Smooth muscle ean eontraet over a range of lengths four 
times greater than that of skeletal muscle. This is extremely important 
in organs like the stomaeh, the intestines, the nrinary bladder, or the 
uterus, which must undergo major ehanges in size and shape. These 
smooth muscle tissues have a normal baekgronnd level of aetivity 
known as smooth muscle tone. Neural, hormonal, or loeal ehemieal 
faetors ean inerease or deerease smooth muscle tone and alter the 
degree of tension in the wall of a muscular organ. 


Moelyle 22.3 Revìew 


a. Deseribe the orientation of smooth 
muscle fibers in the muscularis externa 
of the digestive traet. 

b. Identify the structural eharaeteristies of 
smooth musclefìbers. 

e. VVhy ean smooth muscle eontraet over 
a wider range of resting lengths than 
skeletal muscle? 


(S) 22.3 Deseribe the structural and functional features of smooth muscle tissue. 


Seetion 1: Organization ofthe Digestive System • 833 






























Module22.4 

j 


Smooth muscle eontraetions mìx the eontents of the 
digestíve traet and propel materials along its length 

The eoordinated eontraetions of the smooth mnsele layers in the mnsenlaris 
externa play a vital role in both moving material along the digestive traet 
(throngh peristalsis) and in meehanieal proeessing (throngh segmentation). 


Peristalsis 

Food enters the digestive traet as a moist, eompaet mass 
known as a bolus (BO-lus). The muscularis externa propels 
materials from one portion of the digestive traet to another by 
eontraetions known as peristalsis (per-i-STAL-sis). During 
peristalsis, a wave of eontraetion in the eirenlar mnseles forees 
the bolus forward. 





Bolus of food 
arrives in 
digestive systenn. 




Circular nnuscles 
eontraet behind 
bolus. 



Longitudinal 

nnuscle 

Circular nnuscle 



Segmentation 


2 


Most areas of the small intestine and some 
portions of the large intestine nndergo eyeles of 
eontraetion that churn and fragment the bolus, mixing 
the eontents with intestinal seeretions. This aetivity is 
ealled segmentation. These rhythmie eyeles of eontrae- 
tion do not follow a set pattern and thus do not push 
materials along the traet in any one direetion. 






Longitudinal 
muscles ahead of 
bolus eontraet. 




eontraetion in 
circular muscle 
layer forees bolus 
forward. 
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Three major meehanisms regnlate and eontrol 
digestive aetivities. The primary stimnli involved 


are loeal faetors that may in turn aetivate neural or 
hormonal eontrol meehanisms. 



Neural Control Meehanìsms 



Short 

reflex 


Streteh reeeptors, 
ehemoreeeptors 


Long 
reflex 


íl Myenterie 
plexus 


The movement of materials along the digestive traet, as well as many seeretory 
functions, is primarily eontrolled by loeal faetors. Short reflexes are triggered by 
ehemoreeeptors or streteh reeeptors in the walls of the digestive traet; the eontrolling 
neurons are loeated in the myenterie plexus.These reflexes are often ealled myenterie 

reflexes. Long reflexes involving interneurons and motor neurons 
in the CNS provide a higher level of eontrol over digestive and 
glandular aetivities, generally eontrolling large-seale peristalsis 

that moves materials from one region of the 
digestive traet to another. Long reflexes may 
involve parasympathetie motorfibers in the 
glossopharyngeal (IX), vagus (X), or pelvie 
nerves that synapse in the myenterie plexus 
(Module 14.9, p. 524). 


Buffers, aeíds, 
enzymes released 


Seeretory 


eells 


Hormonal Gontrol Meehanisms 


Loeal Faetors 


Loeal faetors are the primary stimulus 
for digestive aetivities, and include 
ehanges in the pH of the eontents of 
the lumen, physieal distortion of the 
wall of the digestive traet, or the 
presenee of ehemieals—either speeifie 
nutrients or ehemieal messengers 
released by eells of the mucosa. 


Enteroendoerine 

eells 


Bloodstream 

transport 



Hormones 

released 



The digestive traet produces at least 
18 hormones that affeet almost every 
aspeet of digestive function, and some 
of them also affeetthe aetivities of other 
systems.These hormones are peptides 
produced by enteroendoerine eells, 
endoerine eells in the epithelium of the 
digestive traet. We will eonsider these 
hormones as we proeeed down the 
length of the digestive traet. 


Module 22.4 Revíew 


a. Which is more effieient in propelling 
intestinal eontents along the digestive 
traet: peristalsis or segmentation? 
Why? 

b. eitethe major meehanismsthat 
regulate and eontrol digestive 
aetivities. 

e. Deseribeenteroendoerineeells. 


(S) 22.4 Explain the proeesses by which materials move through the digestive traet. 
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SECTION 1 Revíew 

L 


Labelíng 

Label the structures of the digestive 
traet in the aeeompanying fìgure. 



Matehìng 


Mateh eaeh lettered term with the most elosely related deseription. 


a. lamina propria 

b. peristalsis 

e. paeesetter eells 

d. esophagus 

e. muscularis mucosa 

f. segmentation 

g. circularfolds 

h. sphineter 

i. myenterie plexus 

j. viseeral smooth muscle eells 

k. plastieity 

l. liver 

m. multi-unit smooth muscle eells 

n. bolus 




10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


Digestive tube between the pharynx and stomaeh 

Moves circular folds and villi 

Areolartissue layer eontaining blood vessels, 
nerve endings, and lymphaties 

Permanent transverse folds in the digestive traet lining 

VVaves of muscular eontraetions that propel 
materials along digestive traet 

Stimulate rhythmie eyeles of aetivity along digestive traet 

Nerve network within the muscularis externa 

Have direet eontaet with motor neurons 

Digestive system aeeessory organ 

Rhythmie muscular eontraetions that mix 
materials in digestive traet 

Form of food entering the digestive traet 

Laek direet eontaet with motor neurons 

Ability of smooth muscle eells to function over varied lengths 

Ring of muscle tissue 


8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 


Seetìon ìntegratíon 

How would a deerease in smooth muscle tone affeet the digestive proeesses and possibly cause 
eonstipation (infrequent bowel movement)? 
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Module22.5 


SEGTION 2 • DigestiveTraet 



The digestive traet begìns with the 
mouth and ends with the anus 



The digestive traet is a muscular tube approximately 10 m 
(33 ft) long. It ean be divided into regions that differ in 
histologieal structure and fnnetional properties. In this seetion 
we eonsider eaeh of the major organs of the digestive traet, 
which are snmmarized below. 



Major Organs of the DìgestìveTraet 

Oral Gavìty (l\/louth) 


Meehanieal proeessing with aeeessory organs (teeth 
and tongue), moistening, mixing with salivary seeretions 


Pharynx 


Muscular propulsion of materials into the esophagus 


Esophagus 

Transport of materials to the stomaeh 


Stomaeh 

ehemieal breakdown of materials by aeid and enzymes; 
meehanieal proeessing through muscular eontraetions 


Small Intestíne 

Enzymatie digestion and absorption of water, organie 
substrates, vitamins, and ions 


Large Intestíne 

Dehydration and eompaetion of indigestible materials 
in preparation for elimination 







2 


This table summarizes the general functions of the digestive traet. 


The lining of the digestive traet also proteets surrounding tissnes against 
digestive aeids and enzymes, abrasion, and pathogens within the digestive traet. 


Aeeessory 
Organs of the 
Dígestíve 
System 

Teeth 

Tongue 

Salivary glands 
Liver 

Gallbladder 

Panereas 


Functions of the Digestive Traet 


• Ingestion occurs when solid food and liquid enterthe oral eavity of the digestive traet. 

• Meehanìeal proeessìng of food occurs either before it is swallowed or in the proximal 
portions of the digestive traet. 

• Dìgestíon is the ehemieal and enzymatie breakdown of food into small organie molecules 
that ean be absorbed by the digestive epithelium. 

• Seeretíon is the release of water, aeids, enzymes, buffers, and salts by the epithelium of 
the digestive traet and by aeeessory digestive organs. 

• Absorptìon is the movement of organie molecules, eleetrolytes, vitamins, and water 
aeross the digestive epithelium and into the interstitial fluid of the digestive traet. 

• eompaetíon is the progressive dehydration of indigestible materials and organie wastes 
priorto elimination from the body.The eompaeted material is ealled feees.The diseharge 
of feees from the body is ealled defeeatìon (def-e-KÀ-shun). 


Module 22.5 Revìew 


a. Define ingestion. 

b. Distinguish between digestion 
and absorption. 

e. Defineeompaetion. 


(S) 22.5 Name the structures and primary functions of the digestive traet organs. 
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Module22.6 



The oral eavìty is a spaee that eontains 
the tongue, teeth, and gunis 

The oral eavity (mouth) is lined by the oral mucosa, which has a stratified 
squamous epithelium. A layer of keratinized eells eovers regions exposed 
to severe abrasion, such as the superior surface of the tongue and the 
opposing snrfaee of the hard palate. The epithelial lining of the eheeks, lips, 
and inferior snrfaee of the tongue is relatively thin and nonkeratinized. 
Nntrients are not absorbed in the oral eavity, but digestion of earbohydrates 
and lipids begins here. The mucosa inferior to the tongue is thin enough 
and vasenlar enough to allow rapid absorption of lipid-soluble drugs, such 
as nitroglyeerin, used to treat angina attaeks. 


This sagittal seetion introdnees 
the major structures forming the 
bonndaries of the oral eavity (mouth). 



Anterior and Lateral 
Boundary of the Oral Gavìty 


Anteriorly, the mucosa of eaeh 
eheek is continuous with that 
of the lips, or labìa (LÀ-bè-uh; 
singular,/aò/u/n). 


The mucosae of the eheeks, or 
lateral walls of the oral eavity, 
are supportecl by pads of fat 
and the buccinator muscles. 


The body of the tongue is the 
anterior, mobile portion. 


Superíor Boundary of the Oral Gavíty 

The hard palate is formed 
by the palatine proeesses 
of the maxillary bones 
and the horizontal plates 
of the palatine bones. 

The muscular 
soft palate lies 
posteriorto the 
hard palate. 


Pharyngeal tonsil 


The floor of the mouth inferior to the 
tongue reeeives extra support from the 
geniohyoid and mylohyoid muscles. 



Posteríor Boundary of 
the Oral Gavíty 


The posterior margin of the 
soft palate supports the uvula 
(U-vu-luh), a dangling proeess 
that helps prevent food from 
entering the pharynx 
prematurely and swings 
upwards during swallowing 
to prevent food from entering 
the nasopharynx. 


A palatine tonsil lies on either 
side of the entranee to the 
oropharynx. 


The root of the tongue 
is the fixed portion that 
projeets into the oropharynx. 
A V-shaped line of vallate 
papillae marks the boundary 
between the root and the 
body ofthetongue. 


A pair of lingual tonsils are 
embedded in the root of the 
tongue. 
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An anterior view of the oral eavity 
shows additional details not visible 


in the sagittal seetion. 


The retraetors are plaeed in the 
vestìbule, the spaee between 
the eheeks (or lips) and the teeth. 


Anteriorly, a delieate labìal 
frenuluim (FREN-u-lunn; frenulum, 
a small bridle) attaehes the upper 
and lower lips to the gums. 


The mucosa eovering the hard 
palate is thiek and has complex 
ridges. When your tongue 
eompresses food against the 
hard palate, these ridges provide 
traetion. 


Soft palate 
Palatine tonsil 


The lìngual frenulum attaehes 
the body of the tongue to the 
floor of the mouth. 


Frenulum of lower lip 



The gíngìvae (JIN-ji-vè), or gums, are ridges of oral 
mucosa that surround the base of eaeh tooth on the 
alveolar proeesses of the maxillary bones and 
mandible. In most regions, the gingivae are firmly 
bound to the periostea of the underlying bones. 


On either side of the uvula 
are two pairs of muscular 

pharyngeal arehes. 


Uvula 


On eaeh side, the ridge that 
eonneets the more anterior 
pharyngeal areh with the uvula 
forms the superior margin of the 
fauces (FAW-séz), the eonneetion 
between the oral eavity and the 
oropharynx. (The root of the 
tongue forms the inferior margin.) 


Thetongue manipulates materials 
insidethe mouth and may 
oeeasionally be used to bring foods 
into the oral eavity, as when lieking 
an iee eream eone.The tongue's 
surface is flushed by the seeretions 
of small glands that extend into 
the underlying lamina propria. 
These seeretions eontain water, 
mucins, and the enzyme língual 
lìpase, which starts digesting lipids 
even before they leave the oral 
eavity. 


Three pairs of salivary glands seerete saliva into 
the oral eavity. These aeeessory glands, which 
begin the proeess of earbohydrate digestion, 
will be eonsidered in Modnle 22.19. 


Modyle 22.6 Revíew 


a. The oral eavity is lined by which type of 
epithelium? 

b. Name the structure that forms the roof 
of the mouth. 

e. Deseribe the loeation ofthe fauces. 


(S) 22.6 Deseribe the anatomy of the oral eavity, and discuss the functions of its structures. 


Seetion 2: Digestive Traet • 839 

























Module22.7 


r 


Teeth in dífferent regíons of the jaws 
vary ín síze, shape, and function 



This is a seetional view throngh a representative adnlt 
tooth. The bulk of eaeh tooth eonsists of a mineral- 
ized matrix similar to that of bone. This material, ealled 
dentin, differs from bone in that it does not eontain eells. 
Instead, eytoplasmie proeesses extend into the dentin 
from eells making up the pulp in the eentral pulp eavity. 


The crown of the tooth 
projeets into theoral 
eavity fronn the surface 
of the gums. 


The neek of the tooth 
marks the boundary 
between the crown and 
the root. 


The root of eaeh tooth 
sits in a bony eavity 
ealled an alveolus, 
or tooth soeket. 



eomponents of a Tooth 

The portion of the crown that is used for crushing, slieing, 
or chewing is the occlusal surface of the tooth. 


A layer of enamel eovers the dentin of the crown. 
Enamel, which eontains calcium phosphate in a erystal- 
line form, is the hardest biologieally manufactured 
substance. Adequate amounts of calcium, phosphates, 
and vitamin D during ehildhood are essential if the 
enamel eoating is to be eomplete and resistant to deeay. 


A shallow groove ealled the gìngìval (JIN-ji-val) sulcus 
surrounds the neekof eaeh tooth.The epithelium of the 
gingiva is bound to the tooth at the base of the sulcus. 
This epithelial attaehment prevents baeteria from 
entering the deeper tissues around the root. 


A layer of cementum (se-l\/lEN-tum) eovers the dentin 
of the root. Cementum is less resistant to erosion than is 
dentin. 


Gollagen fibers of the perìodontal lìgament extend 
from the dentin of the root to the eompaet bone of the 
alveolus, ereating a strong articulation known as a 
gomphosìs (l\/lodule 8.1, p. 281). 


The pulp eavity reeeives blood vessels and nerves 
through the root eanal, a narrow tunnel within the root 
of the tooth.The opening into the root eanal is ealled the 

apíeal foramen. 


There are 
four diff- 
erent types of 
teeth, eaeh with a 
distinetive shape 
and root pattern. 



Llpper jaw 


Lower jaw 


Types ofTeeth 

ineìsors (in-SÌ-zerz) 
are blade-shaped teeth 
loeated at the front of 
the mouth. ineisors are 
useful for elipping or 
cutting.These teeth 
have a single root. 


The cuspíds (KLIS-pidz), or 
eanine teeth, are eonieal, 
with a sharp ridgeline and 
a pointed tip. They are 
used for tearing or 
slashing. Cuspids have a 
single root. 


Bìcuspìds (bí-KUS-pidz), 
or premolars, have 
flattened crowns with 
prominent ridges. They 
crush, mash, and grind. 
Bicuspids have one or 
two roots. 


Molars have very large, 
flattened crowns with prominent 
ridges adapted for crushing and 
grinding. Molars in the upper 
jaw typieally have three roots, 
while those in the lower jaw 
usually have two roots. 
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Two sets of teeth form during embryonie develop- 
ment. The first to erupt through the gums are the 
deciduous (de-SID-u-us; deciduus, falling off) teeth, the 
temporary teeth of the primary dentition. Deciduous teeth 
are also ealled primary teeth, milk teeth, or baby teeth. At 
2 years of age, ehildren have 20 deciduous teeth—five on 
eaeh side of the upper and lower jaws: two ineisors, one 
cuspid, and a pair of deciduous molars. 
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As the jaws grow larger, the primary dentition is 


gradnally replaeed by the seeondary dentition. Three 
additional molars appear on eaeh side of the upper and lower 
jaws as the person ages, bringing the count of permanent 
teeth to 32. As replaeement proeeeds, the periodontal 
ligaments and roots of the primary teeth erode until the 
deciduous teeth either fall out or are pushed aside by the 
eruption (emergenee) of the seeondary teeth. 



Gentral ineisors (7.5 mo) 


* 


Lateral ineisor (9 mo) 


Cuspid (18 mo) 


Deciduous Ist 
molar (14 mo) 


Deciduous 2nd 
molar (24 mo) 



Decìduous teeth 


Deciduous 2nd 
molar (20 mo) 

Deciduous Ist 
molar (12 mo) 

Cuspid (16 mo) 
Lateral ineisor (7 mo) 


eentral ineisors (6 mo) 


* 


indieates month of eruption 



Developing 

permanent 

teeth 


Erupted 

deciduous 

teeth 


Developing 

permanent 

teeth 


Mandìble and maxìlla exposed to show 
developìng permanent teeth ìn the skull of a ehìld 


eentral ineisors (7-8 yr) 


* 


Lateral ineisor (8-9 yr) 

Cuspid 
(ll-12yr) 






. í 


IVlaKÌllary 

dental 

areade 





The alveolar proeesses 


of the maxillae and 


the mandibleform 

I A 1^1 

the dental areades. 

il 4 



l\/landibular 

dental 

area^de 


• • • 



Ist Premolar 
(10-11 yr) 

2nd Premolar 
(10-12 yr) 

Ist Molar 
(6-7 yr) 

2nd Molar 
(12-13 yr) 

3rd Molars 

or wìsdom 
teeth 

(17-21 yr) 


2nd Molar 
(11-13yr) 

Ist Molar 
(6-7 yr) 

2nd Premolar 
(11-12yr) 

Ist Premolar 
(10-12 yr) 

Cuspid (9-1 Oyr) 

Lateral ineisor (7-8 yr) 

eentral ineisors (6-7 yr) 


Adult teeth, upper and lower jaws 


*lndicates year of eruption 


When you brush and massage your gums, the stimulation strengthens the 
epithelial attaehment at the gingival sulcus. A eondition ealled gingivitis, an 
inflammation of the gingivae, ean occur if the gingival attaehment weakens. 
Severe gingivitis, usually caused by baeterial infeetion, causes erosion of the 
gums, root damage, and eventnal tooth loss. Tooth deeay generally resnlts 
from the aetion of baeteria that normally inhabit your mouth. Baeteria 
adhering to the snrfaees of the teeth prodnee a stieky matrix that traps 
food partieles and ereates deposits known as dental plaque. 


Modyle 22.7 Revíew 


a. Namethefourtypesofteethandthe 
three main parts of a typieal tooth. 

b. Differentiate between the primary 
dentition and the seeondary dentition. 

e. VVhatisthenamesometimesgiven to 
the third set of molars? 


(S) 22.7 Deseribe the types of teeth, and differentiate between the primary and seeondary dentition. 
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Module22.8 

j 


The nriuscular vvalls of the pharynx and 
esophagus play a key role ìn svvallovvìng 



The pharynx (FAR-ingks), an anatomieal 
spaee, is a eommon passageway for solid food, 
liquids, and air. Food passes through the oropharynx 
and laryngopharynx on its way to the esophagns. 
This illnstration reviews the major landmarks and 
bonndaries of the pharynx, or throat (Module 21.3, 
p. 791). 


Internal 

nares 

Oral 

eavity 


2 


The esophagns is a hollow muscular 
tube approximately 25 em (10 in.) long 
and about 2 em (0.80 in.) in diameter at its 
widest point. The primary fnnetion of the 
esophagns is to eonvey solid food and 

liquids to the stomaeh. 


Uvula 


Epiglottis 



Larynx 

Esophagus 



The nnucosa and submucosa have large folds that extend 
the length of the esophagus. These folds allow for expansion 
during the passage of a large bolus. Muscle tone in the walls 
keeps the lumen elosed, except when you swallow. 










Mucosa 




K 




Submucosa 


h 


\ 




^ _ 


In the superiorthird of the 
esophagus, the circular and 
longitudinal layers of the 
muscularis externa eontain 
skeletal muscle fibers; the middle 
third eontains a mixture of 
skeletal and smooth muscle 
tissue; and along the inferior 
third, only smooth muscle occurs. 


% 






Adventitia 



A' J 


3 


The layers of the esophageal wall are eomparable with 
those in other portions of the digestive traet. However, 
the shape of the Inmen and the strnetnre of the mnsenlaris 
externa are unique to the esophagus. There is no serosa, but 
an adventitia of eonneetive tissue outside the muscularis 
externa anehors the esophagns to the posterior body wall. 




Esophageal mucosa 


LM X 300 


Regions of the 
Pharynx 


Nasopharynx 


Oropharynx 


Laryngopharynx 


The mucosa of the 
esophagus eontains 
a nonkeratinized, 
stratified squamous 
epithelium similar to 
that of the pharynx 
and oral eavity. 


Lamina propria 


The muscularis 
mucosae eonsists 
of an irregular layer 
of smooth muscle. 


4 


This light mierograph illnstrates the extreme 
thiekness of the epithelinm making up the 


esophageal mucosa layer. 
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Swallowing, or deglutitíon (dè-glu-TISH-un), is a complex proeess that ean 
be started volnntarily but proeeeds automatically onee it begins. Althongh you 
take conscious eontrol over swallowing when you eat or drink, swallowing is also 
eontrolled at the subconscious leveL Eaeh day you swallow approximately 2400 
times. We divide swallowing into three phases. 



Buccal Phase 


Soft palate 

Bolus 

Esophagus 



The buccal phase begins with the eompression 
of the bolus against the hard palate. Retraetion 
of the tongue then forees the bolus into the 
oropharynx and assists in the elevation of the soft 
palate, thereby sealing offthe nasopharynx.The 
buccal phase is strietly voluntary. Onee the bolus 
enters the oropharynx, reflex responses are 
initiated and the bolus is moved toward the 
stomaeh. 


Pharyngeal Phase 



Tongue 


Bolus 



The pharyngeal phase begins when taetile 
reeeptors on the palatal arehes and uvula are 
stimulated. In response, motor eommands from 
the swallowing eenter in the medulla oblongata 
then direet a eoordinated pattern of muscle 
eontraetion in the pharyngeal muscles. Elevation 
of the larynx and folding of the epiglottis results 
from eontraetions of the pharyngeal muscles, 
while the palatal muscles elevate the uvula and 
soft palate to bloek the entranee to the nasophar- 
ynx. Pharyngeal eonstrietors then foree the bolus 
through the pharynx, past the elosed glottis, and 
into the esophagus. 


Esophageal Phase 


Peristalsis 


Stomaeh 



The esophageal phase of swallowing begins as 
the eontraetion of pharyngeal muscles forees the 
bolus through the entranee to the esophagus. 
Onee in the esophagus, the bolus is pushed 
toward the stomaeh by peristalsis.The approaeh 
of the bolus triggers the opening of the lower 
esophageal sphineter, and the bolus then 
continues into the stomaeh. For a typieal bolus, 
the entire trip takes about 9 seeonds. Liquids 
may travel faster, flowing ahead of the peristaltie 
eontraetions with the assistanee of gravity. A dry 
or poorly lubricated bolus travels much more 
slowly, and a series of loeal reflexes, ealled 
seeondary perístaltíe waves, may be required 
to push it all the way to the stomaeh. 


Lower esophageal sphineter 


The esophagus begins posterior 
to the erieoid eartilage. From this 
point, where it is at its narrowest, 
the esophagus deseends toward the 
thoraeie eavity posterior to the 
traehea. It passes inferiorly along the 
posterior wall of the mediastinnm 
and enters the abdominopelvie 
eavity throngh the esophageal 
hiatus (hi-À-tus), an opening in the 
diaphragm. The esophagns is inner- 
vated by parasympathetie and 
sympathetie fibers from the esopha- 
geal plexus. Resting muscle tone in 
the eirenlar muscle layer in the 
snperior 3 em of the esophagns 
normally prevents air from entering 
the esophagns. The band of smooth 
muscle involved fnnetions as an 
upper esophageal sphineter. A 
eomparable area of smooth muscle 
at the inferior end of the esophagns 
forms the lower esophageal sphine- 
ter (eardiae sphineter). It normally 
remains in a state of aetive eontrae- 
tion, preventing the backflow of 
materials from the stomaeh into 
the esophagns. 


Modyle 22.8 Revìew 


a. Deseribe the structure and function of 
the pharynx. 

b. Namethestructureconnecting the 
pharynx to the stomaeh. 

e. Deseribe the major event in eaeh ofthe 
three phases of swallowing. 


22.8 Deseribe the anatomy and functions of the pharynx 
and esophagus, and explain the swallowing proeess. 
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Module22.9 



The stomaeh and most of the intestínal 
traet are suspended by mesenteries 
and enelosed by the peritoneal eavity 

The peritoneal eavity is lined by a serons membrane ealled the peritonenm 
(Modnle 1.17, p, 35). We ean divide the serons membrane into the serosa or 
viseeral peritonenm, which eovers organs enelosed by the peritoneal eavity, 
and the parietal peritonenm, which lines the inner snrfaees of the peritoneal 
eavity. Reeall that a mesentery is a donble sheet of peritoneal membrane (p. 830). 


These diagrams are eross-seetional 
views from early embryos. Dnring 
embryonie development, the digestive traet 
and aeeessory organs are enelosed by the 
peritoneal eavity and snspended by dorsal 
and ventral mesenteries (MEZ-en-ter-èz). 






Spinal eord 


Dorsal mesentery 


Peritoneal eavity 


Digestive traet 
Developing liver 


Ventral mesentery 


4 weeks 



Parietal 

peritoneum 


Viseeral 

peritoneum 


5 weeks 


2 


The diagrammatie eross-seetional view below and the 


lateral view to the right show the mesenteries snpport- 
ing the digestive traet and aeeessory organs early in develop- 
ment. The ventral mesentery later disappears along most 
of the digestive traet, remaining in adnlts in only two plaees: 
between the stomaeh and the liver (the lesser omentnm), 
and between the liver and the anterior abdominal wall (the 
faleiform ligament). 


Faleiform ligament 




The faleìforim (FAL-si-form; falx, siekle -i- 
forma, form) lìgaiment is the remnant of the 
ventral mesentery between the liver and 
the anterior wall of the peritoneal eavity. 


Panereas 


Stomaeh 


The greater omentum 

(ó-l\/lEN-tum; omentam, fat 
skin) is the dorsal mesen- 
tery ofthe stomaeh. 


The lesser omentum is 

the remnant of the ventral 
mesentery between the 
stomaeh and the liver. 


Lesser 


omentum 



Stomaeh 


Greater omentum 


Panereas 
Small intestine 


— 

The mesentery proper 

is the dorsal mesentery 
ofthesmall intestine. 


Large intestine 


— 

The mesoeolon is the 

dorsal mesentery of 
the large intestine. 
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As the digestive traet 


elongates, the position 
of the mesenteries ehanges. 
Some segments of the traet 
eontaet the posterior wall and 
beeome fixed in position. As 
the small intestine eoils and 
inereases in length, segments 
of the mesentery proper eome 
into eontaet and fuse together. 


Lesser omentum 


Transverse eolon 
Aseending eolon 

Mesentery proper 



Greater omentum (cut) 
Mesoeolon 

Along much of the large 
intestine, the mesoeolon 
fuses to the dorsal body 
wall. 


Deseending eolon 

Small intestine 
Sigmoid eolon 


4 


A sagittal seetion reveals the orientation of the 
mesenteries in an adult. The eoils of the small 


intestine are snspended by the mesentery proper. 

The transverse eolon and a small seetion near the 
end of the large intestine are snspended by remnants 
of the original 

mesoeolon. ^ ...... .. 

The mesentery assoeiated with the 

initial portion of the small intestine and 

the panereas fuses with the posterior 

abdominal wall, loeking those 

structures in a retroperitoneal position. 






ì 


Panereas 


Initial segment of small 
intestine (duodenum) 



Mesentery proper 


Mesoeolon 


Last segment of the 
large intestine (rectum) 


i 


Anus 


Faleiform Diaphragm 
ligament 



The lesser omentum stabilizes 
the position of the stomaeh and 
provides an aeeess route for blood 
vessels and other structures 
entering or leaving the liver. 


Stomaeh 
Mesoeolon 
Transverse eolon 


The greater omentum forms an 
enormous pouch that extends 
inferiorly between the body wall 
and the anterior surface of the 
small intestine. Adipose tissue in the 
greater omentum eonforms to the 
shapes of the surrounding organs, 
providing padding and proteetion 
aeross the anterior and lateral 
surfaces of the abdomen. 


Parietal peritoneum 
Small intestine 


The serous membrane lining the peritoneal eavity continuously produces 
peritoneal fluid, which provides essential lubrication. Because a thin 
layer of peritoneal fluid separates the parietal and viseeral surfaces, 
sliding movements ean occur without frietion and resulting irritation. 
About 7 liters of fluid are seereted and reabsorbed eaeh day, although the 
volume within the peritoneal eavity at any one time is about 50 mL. Liver 
disease, kidney disease, and heart failure ean aeeelerate the rate at which 
fluids move into the peritoneal eavity. The accumulation of peritoneal 
fluid ereates a eharaeteristie abdominal swelling ealled aseites (a-Sl-tèz). 


Modyle 22.9 Revíew 


a. VVhat is thefaleiform ligament? 

b. VVhat is thefunction ofthe lesser 
omentum? 

e. Explain the signifieanee of peritoneal 
fluid. 


22.9 Explain the embryonie development of the mesenteries, and 
deseribe the mesenteries that remain in adulthood. 
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Module 22.10 



The stomaeh ìs a muscular, expandable, J-shaped 

organ wíth three layers in the muscularìs externa 



This illustration presents the major surfaces and regions of 
the stomaeh. The shape is aetnally highly variable. When 
empty, the stomaeh resembles a muscular tube with a narrow, 
eonstrieted lumen. When full, it ean eontain 1-1.5 liters of 
material. That material, which eonsists of food eombined with 
saliva and the seeretions of the gastrie glands, is a viseons, highly 
aeidie, soupy mixture ealled ehyme (kim). 


Lesser 

omentum 


A short lesser curvature forms the medial 
surface of the stomaeh. It is attaehed to 


the mesentery of the lesser omentum. 


Esophagus 


Regíons of the Stomaeh 



Duodenum 


A long greater curvature forms the 
lateral and inferior surfaces. It is attaehed 
to the mesentery of the greater omentum 


Greater 

omentum 


The fundus (FUN-dus) is the 
portion of the stomaeh that 
is superior to the junction 
between the stomaeh and 
the esophagus. The fundus 
eontaets the inferior, posterior 
surface of the diaphragm. 


The eardía (KAR-dè-uh) is the 
superior, medial portion of the 
stomaeh within 3 em (1.2 in.) 
of the junction between the 
stomaeh and the esophagus. 
The eardia eontains abundant 
mucous glands whose 
seeretions eoat the eonneetion 
with the esophagus and help 
proteet that tube from the aeid 
and enzymes of the stomaeh. 


The body is the area of the 
stomaeh between thefundus 
and the curve of the J. It is the 
largest region of the stomaeh. 
The body functions as a mixing 
bowl for ingested food and 
seeretions produced in the 
stomaeh. 


The pylorus (pí-LOR-us) forms 
the sharp curve of the J. As 
mixing movements occur 
during digestion, the pylorus 
frequently ehanges shape. 
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This eadaver disseetion 
exposes the stomaeh 


and greater omentnm. 


Lesser 

curvature 

Gallbladder 

Bile duct 

Pylorie 

sphineter 

Pylorus 



Esophagus 

Diaphragm 

Left gastrie 
artery 

Fundus 

Gardia 

Spleen 

Greater 

curvature 


Greater 

omentum 


3 


A partially seetioned and disseeted 


stomaeh reveals additional details 
abont the internal strnetnre of this organ. 


Fundus 


The Pyloms 


The pylorìe antrom 

{antron, eavity) is the 
portion of the pylorus 
eonneeted to the 
body of the stomaeh. 


The pylorìe eanal 

empties into the 
duodenum, the 
proximal segment of 
the small intestine. 


A muscular pylorìe 
sphìneter regulates 
the release of ehyme 
into the duodenum. 


Esophagus 



Layers of the 
Muscularís Externa 


The muscularis externa 
of the stomaeh eontains 
an inner, oblique layer 
of smooth muscle.This 
additional layer of smooth 
muscle strengthens the 
stomaeh wall and assists in 
the mixing and churning to 
form ehyme. 


Longitudinal muscle layer 


Circular muscle layer 
Oblique muscle layer 


Greater curvature 


Modyle 22.10 Revíew 


Rugae (RU-gè; wrinkles) are prominent 
but temporary mucosal folds that 
allow the gastrie lumen to expand. As 
the stomaeh fills, the rugae gradually 
flatten out until, at maximum disten- 
sion, they almost disappear. 


Name the four major regions of the 
stomaeh in orderfrom its eonneetion 
with the esophagus to the small 
intestine. 


b. Whatanatomicalfeatureofthe 
stomaeh allows the organ to form 
ehyme? 

e. Deseribe the inner lining ofthe 
stomaeh. 


(S) 22.10 Deseribe the anatomy of the stomaeh and its histologieal features. 
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r 


The stomaeh reeeìves food and 
drinkfrom the esophagos and aìds ín 


meehanieal and ehemieal digestion 


The stomaeh has four major functions: (1) storage of ingested 
food, (2) meehanieal breakdown of ingested food, (3) disrnption of 
ehemieal bonds in food throngh the aetion of aeid and enzymes, 
and (4) prodnetion of intrinsie faetor. 


The wall of the stomaeh is relatively thiek 
and muscular, and its mucosa has deep 
folds that form gastrie glands. 



Layers of the Stomaeh Wall 
Mucosa 

A simple columnar epithelium lines all 
portions of the stomaeh.This epithelium 
produces a earpet of mucus that eovers the 
interior surfaces of the stomaeh.The alkaline 
mucous layer proteets epithelial eells against 
the aeid and enzymes in the gastrie lumen. 
Still, the environment is harsh, and a typieal 
gastrie epithelial eell has a life span of only 
3 to 7 days. 

Lamina propria 
Muscularis mucosae 


Submucosa 


Muscularís Externa 


Oblique muscle 


Circular muscle 


Longitudinal muscle 



Serosa 



Lymphatie vessel 


Artery and vein 


Myenterie plexus 
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Gastrie glands in the fundus 


and body seerete most of the 
aeid and enzymes involved in gastrie 
digestion. The gastrie glands in 
these areas are dominated by 
parietal eells and ehief (zymogenie) 
eells. Together, they seerete about 
1500 mL of gastrie juice eaeh day. 
Gastrie glands in the pylorns seerete 
mucus and hormones involved in 
the eoordination and eontrol of 
digestive aetivity. 



Shallovv depressions 
ealled gastrìe pits open 
onto the gastrie surface. 
Stem eells at the base, or 
neek, of eaeh gastrie pit 
aetively divide, replaeing 
superficial eells that are 
shed into the ehyme. 


Eaeh gastrie pit 
communicates vvith 
several gastrie glands 
that extend deep into 
the lamina propria. 



Lamina propria 

Mucous epithelial eells 
Neek 


Cells of Gastríe Glands 


Parìetal eells seerete íntrínsìe faetor, 

a glyeoprotein that faeilitates the 
absorption of vitamin aeross the 

intestinal lining.Thisvitamin is 
neeessary for erythropoiesis 
(Module17.11, p. 642). Parietal eells 
also seerete hydroehlorie aeid (HCI). 


G eells are enteroendoerine eells 
that produce a variety of hormones. 
These hormones and their functions 
vvill be eonsidered in Module 22.14. 


ehìef eells seerete pepsìnogen 

(pep-SIN-ó-jen), an inaetive 
proenzyme. Aeid (HCI) in the gastrie 
lumen eonverts pepsinogen to 
pepsìn, an aetive proteolytie 
(protein-digesting) enzyme. In 
addition, the stomaehs of nevvborn 
infants (but not of adults) produce 
rennín and gastríe lípase, enzymes 
important for the digestion of milk. 


In addition to intrinsie faetor, parietal eells seerete HC1 to keep the stomaeh eontents at 
pH 1.5-2.0. However, parietal eells do not prodnee this strong aeid in the eytoplasm, 
beeanse it would erode seeretory vesieles and destroy the eell. Instead, H+ and Cl“ are 
transported and seereted independently, as diagrammed below. When gastrie glands are 
aetively seereting, enough biearbonate ions enter the bloodstream to inerease the pH of the 
blood signifieantly. This sudden influx of biearbonate ions has been ealled the alkalíne tide. 




Hydrogen ions (H”^) are generated 
inside a parietal eell as the enzyme 
earbonie anhydrase eonverts eo^ 
and H^O to earbonie aeid (H^eO^), 
which then dissoeiates. 




A countertransport meehanism 
ejeets the biearbonate ions into 
the interstitial fluid and imports 
ehloride ions into the eell. 


Interstitial 

fluid 


/ 

I 

I 

I 

I 



HCO 


3 


Cl 



Enters 

bloodstream 




C02 + H 2 O 



earbonie 

anhydrase 


H^eO 


3 



The hydrogen ions are 
aetively transported into the 
lumen of the gastrie gland. 


HC03--k H+ 


The ehloride ions then diffuse 
aeross the eell and exit through 
open ehloride ehannels into the 
lumen of the gastrie gland. 



Lumen of 
gastrie 


KEY 



Diffusion 



earrier-mediated transport 



Aetive transport 
Countertransport 


Modyle 22.11 Revìew 


a. Explain the signifieanee ofthe alkaline 
mucous layer lining the interior surface 
ofthestomaeh. 

b. VVhat is the function ofparietal eells? 
e. Deseribethealkalinetide. 


(S) 22.11 Deseribe the anatomy of the stomaeh relating to its role in digestion and absorption. 
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r 


The ìntestínal traet ìs speeíalìzed 

to absorb nutríents 



The intestinal lining has a series of transverse 
folds ealled circular folds. Unlike the rngae in the 
stomaeh, these eirenlar folds are permanent featnres that 
do not disappear when the small intestine fills. The small 
intestine eontains ronghly 800 eirenlar folds, most of 
them within the jejunum. Their presenee greatly 
inereases the snrfaee area available for absorption. 


2 


The mucosa of the small intestine eontains a series of fingerlike 


projeetions, the intestinal villi. If the small intestine were a 


simple tube with smooth walls, it would have a total absorptive area of 
nearly 3300 em^ (3.6 ft^). Instead, the mucosa eontains eirenlar folds, 
which snpport a forest of villi. Eaeh villus is eovered by epithelial eells 
whose exposed surfaces are eovered with mierovilli. This arrangement 
inereases the total area for absorption by a faetor of more than 600, to 
approximately 2 million em^ (more than 2200 ft^). 


3 


This diagrammatie seetional 
view of the intestinal wall 


shows featnres eommon to all 
segments of the small intestine. 



Villi 


Submucosal 
artery and vein 


Laeteal 

(lymphatie 

eapillary) 


Layers of the 
Small Intestìne 


l\/lucosa 


Submucosa 


l\/luscularis externa 


Serosa 



At the bases of the villi are the entranees 
to the íntestìnal glands (erypts of 
LieberkOhn). Stem eell divisions near 
the base of eaeh intestinal gland 
produce epithelial eells that are continu- 
ously displaeed toward the intestinal 
surface to replaee those shed into the 
lumen at the tips of the villi.This ongoing 
proeess renews the epithelial surface, and 
the disintegration of the shed eells adds 
intracellular enzymes to the lumen. 


l\/luscularis mucosae 
Lymphoid nodule 


Submucosal plexus 


Circular layer of smooth muscle 


Myenterie plexus 


Longitudinal layer ofsmooth muscle 


Lymphatie vessel 
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Eaeh villus has a complex internal structure. 
The lamina propria of eaeh villus eontains 


an extensive network of eapillaries that originate 
in a vasenlar network within the submucosa. 
These eapillaries earry absorbed nutrients to the 
hepatie portal system for delivery to the liver, 
which adjnsts the nntrient eoneentrations in 
blood before the blood reaehes the general 
systemie eirenlation. 



Eaeh villus eontains a lymphatie eapillary 
ealled a laeteal (LAK-tè-ul; lacteus, milky). 
Laeteals transport materials that eannot enter 
blood eapillaries. For example, absorbed 
fatty aeids are assembled into protein-lipid 
paekages that are too large to diffuse into the 
bloodstream.These lipid-rieh paekets reaeh 
the venous circulation as the thoraeie duct 
delivers lymph to the left subclavian vein. 


The snrfaee of eaeh villus eonsists of a simple 
eolnmnar epithelinm that is earpeted with 


mierovilli. Beeanse the mierovilli projeet from the 
epithelinm like the bristles on a brush, these eells are 
said to have a brush border. Brush border enzymes are 
integral membrane proteins loeated on the snrfaees of 
intestinal mierovilli. These enzymes break down 
materials that eome in eontaet with the brush border. 
The epithelial eells then absorb the breakdown prodnets. 


Lamina propria 


Gontraetions of the muscularis mucosae and 
smooth muscle eells within the intestinal villi 
move the villi baek and forth, exposing the 
epithelial surfaces to the liquefied intestinal 
eontents.This movement improves the 
effieieney of absorption by quickly eliminating 
loeal differenees in nutrient eoneentration. 
Movements of the villi also squeeze the laeteals, 
which assist moving lymph out of the villi. 


eapillaries 


Mucous eells between 
the columnar epithelial 
eells ejeet mucins onto 
the intestinal surfaces. 


Laeteal 



Brush border 



Típ of víllus 


LM X 250 


Mucous eell 


Nerve 



Columnar epithelial eell 


eapillary network 


Arteriole 
Lymphatie vessel 

Venule 


Modyle 22.12 Revíew 


Muscularis mucosae 


a. Name the layers of the small intestine 
from superficial to deep. 

b. Deseribe the anatomy ofthe intestinal 
mucosa. 

e. Explain the function of laeteals. 


(S) 22.12 Deseribe the anatomy of the intestinal traet and its histologieal features. 
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The small intestìne is divided into 
the duodenum, jejunum, and ileum 

The small intestine plays the key role in nntrient digestion and 
absorption. Ninety pereent of nntrient absorption oeenrs in the 
small intestine; most of the rest oeenrs in the large intestine. 



The small intestine fills much of the abdominopelvie eavity 
and the mesentery proper stabilizes its position. The small 
intestine averages 6 m (19.7 ft) long and has a diameter ranging 
from 4 em (1.6 in.) at the stomaeh to about 2.5 em (1 in.) at the 
jnnetion with the large intestine. 


Segments of the Small Intestíne 

The duodenum (du-ó-DÉ-num), 25 em (10 in.) 
long, is the segment elosest to the stomaeh. 
This portion of the small intestine is a "mixing 
bowl." It reeeives ehyme from the stomaeh and 
digestive seeretions from the panereas and 
liver. Except for the proximal 2.5 em (1 in.), the 
duodenum is in a retroperitoneal position, 
firmly attaehed to the posterior body wall. 

The jejunum (je-JU-num) is the segment 
between the duodenum and the ileum and is 
marked by a sharp bend at its beginning. At 
this junction, the small intestine reenters the 
peritoneal eavity, supported by a sheet of 
mesentery.The jejunum is about 2.5 meters 
(8.2 ft) long. The bulk of ehemieal digestion 
and nutrient absorption occurs in the 
jejunum. 

The ìleum (IL-è-um), the final segment of the 
small intestine, is also the longest, averaging 
3.5 meters (11.5 ft) in length. The ileum 
ends at the íleoeeeal (il-é-o-SÉ-kal) valve, a 
sphineter that eontrols the flow of material 
from the ileum into the cecum of the large 
intestine.To help you remember the order 
of the small intestine segments, use this 
mnemonie: don't yump /n—c/uodenum, 
yejunum, and /leum. 


HYPOCHONDRIAC 



Transverse 
eolon (cut) 


Aseending 

eolon 

Deseending 

eolon 


Sigmoid 

eolon 


Cecum 


Rectum 
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Eaeh segment of the small intestine has eharae- 
teristie features related to its primary functions. 
The transition from one region to another is gradual, 
and the boundaries are indistinet. 



Duodenum 



Circular 

folds 


Duodenal 

ampnlla 


Jejunum 


Circular 

folds 



The jejunum has numerous circular folds and 
the villi are abundant and very long. 


The duodenum has few circular folds, and 
their villi are small.The primary function of the 
duodenum is to reeeive ehyme from the stomaeh 
and neutralize its aeids before they ean damage 
the absorptive surfaces of the small intestine. 


Jejunum 


Duodenum 


The submucosa of the 
duodenum is dominated by 

duodenal glands that 
produce mucous seeretions. 


Ileum 



The ileum has fewer circular folds than the 
jejunum and those disappear distally. Its villi are 
relatively stumpy. The submucosa eontains 
aggregated lymphoid nodules. 



Serosa 


l\/luscularis 

externa 


Submucosa 


l\/lucosa 


l\/luscularis 

mucosae 


Aggregated lymphoid nodules 


Circular folds 


Modyle 22.13 Revíew 


a. Name the three segments ofthe small 
intestine from proximal to distal. 

b. Identifythesegmentofthesmall 
intestine found within the epigastrie 
region. 

e. \/\/hat is the primaryfunction ofthe 
duodenum? 


(S) 22.13 Deseribe the anatomy and physiology of the small intestine. 


Seetion 2: Digestive Traet • 853 


































Module 22.14 
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Fìve hormones are ìnvolved ìn the 
regolatíon of dígestíve aetivitíes 


Four of the five major hormones involved in regulating diges- 
tion are prodneed by the duodenum, which reeeives partially 
digested materials from the stomaeh. The duodenum adjusts gastrie 
aetivity and eoordinates the seeretions of aeeessory digestive organs 
aeeording to the eharaeteristies of the arriving ehyme. 




Gastrìn is seereted by G eells in the pylorie antrunn and enteroendoerine 
eells in the duodenum.The pylorie antrum seeretes gastrin when 
stimulated by the vagus nerves or when food arrives in the stomaeh. 
Duodenal eells release gastrin when they are exposed to large quantities 
of ineompletely digested proteins.Thefunctions of gastrin include 
inereasing stomaeh motility and stimulating gastrie aeid and enzyme 
production. 


Seeretìn is released when ehyme arrives in the duodenum. Seeretin's 
primary effeet is an inerease in the seeretion of bile (by the liver) and 
buffers (by the panereas) which in turn aet to inerease the pH of the 
ehyme. Among its seeondary effeets, seeretin reduces gastrie motility 
and seeretory rates. 


Gastrìe ìnhìbìtory peptìde (GIP) is seereted when fats and 
earbohydrates—espeeially glucose—enter the small intestine. The 
inhibition of gastrie aetivity is aeeompanied by the stimulation of 
insulin release at the panereatie islets. GIP has several seeondary effeets, 
including stimulating duodenal gland aetivity, stimulating lipid synthesis 
in adipose tissue, and inereasing glucose use by skeletal muscles. 


eholeeystokìnín (CCK) is seereted when ehyme arrives in the duode- 
num, espeeially when the ehyme eontains lipids and partially digested 
proteins. In the panereas, CCK aeeelerates the production and seeretion 
of all types of digestive enzymes. It also causes a relaxation of the 
hepatopanereatie sphineter and eontraetion of the gallbladder, resulting 
in the ejeetion of bile and panereatie juice into the duodenum.Thus, the 
net effeets of CCK are to inerease the seeretion of panereatie enzymes 
and to push panereatie seeretions and bile into the duodenum.The 
presenee of CCK in high eoneentrations has two additional effeets: It 
inhibits gastrie aetivity, and it appears to have CNS effeets that reduce 
the sensation of hunger. 


Vasoaetìve ìntestìnal peptìde (VIP) stimulates the seeretion of 
intestinal glands, dilates regional eapillaries, and inhibits aeid production 
in the stomaeh. By dilating eapillaries in aetive areas of the intestinal traet, 
VIP provides an effieient meehanism for removing absorbed nutrients. 


f 
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This ílowchart summarizes the pattern of 
hormone release and the effeets of those 


hormones within the digestive system. 


Ingested 

food 


Food in 
stomaeh 


ehyme in 
duodenum 


Material 


arrives in 


• • 


jejunum 



Aeid production by 
parietal eells 


Stimulation of gastrie 
motility; mixing waves 
inerease in intensity 


KEY 



Inhibits 



Stinnulates 


Faeilitates 


Release of insulin from 


panereas 




Release of panereatie 
enzymes and buffers 



Bile seeretion and 
ejeetion of bile from 
gallbladder 



Dilation of intestinal 
eapillaries 


■ 

■ 

■ 

■ 

■ 

■ 




▼ 


NUTRIENT 

UTILIZATION 

BYALLTISSUES 


Modyle 22.14 Revíew 


a. Name thefive major hormones that 
regulate digestive aetivities. 

b. How would the pH ofthe intestinal 
eontents be affeeted if the small 
intestine did not produce seeretin? 

e. Does a high-fat meal raise or lower the 
level of eholeeystokinin (CCK) in the 
blood? 


(S) 22.14 Discuss the major digestive hormones and their primary effeets. 
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Gentral and loeal meehanisms eoordinate 
gastrie and intestinal aetivities 



The duodenum plays a key role in eontrolling digestive 
fnnetion beeanse it monitors the eontents of the ehyme 
and adjnsts the aetivities of the stomaeh and aeeessory glands 
to proteet the delieate absorptive snrfaees of the jejunum. This 
pivotal role of the duodenum is apparent when you eonsider 
the three phases of gastrie seeretion. The phases are named 
aeeording to the loeation of the eontrol eenter involved. 


eephalie Phase 

The eephalìe phase of gastrie seeretion begins when you see, 
smell, taste, or thinkof food.This phase, which isdireeted by 
the CNS, prepares the stomaeh to reeeive food.The neural 
output proeeeds by way of the parasympathetie division of the 
autonomic nervous system, and the vagus nerves innervate 
the submucosal plexus of the stomaeh. Next, postganglionie 
parasympathetie fibers innervate mucous eells, ehief eells, 
parietal eells, and G eells of the stomaeh. In response to 
stimulation, gastrie juice production aeeelerates, reaehing rates 
of about 500 mL/h.This phase generally lasts only minutes. 



Sight, smell, taste, 
or thoughts of food 


Vagus nerve (N X) 



ìi Pepsinogen 




Stimylation 




The gastrìe phase begins when food arrives in the stomaeh and 
builds on the stimulation provided during the eephalie phase. 

The stimuli that initiate the gastrie phase are (1) distension of the 
stomaeh, (2) an inerease in the pH of the gastrie eontents (due to 
dilution of aeid during mixing), and (3) the presenee of undigested 
food in the stomaeh, espeeially proteins and peptides.The gastrie 
phase may continue for 3 to 4 hours while the aeid and enzymes 
proeess the ingested food. During this period, gastrin stimulates 
eontraetions in the muscularis externa of the stomaeh and 
intestinal traet. After the first hour, the material in the stomaeh is 
churning like elothing in a washing maehine. As mixing continues, 
a large volume of gastrie juice is seereted. 


The stimulation of streteh reeeptors and 
ehemoreeeptors triggers short reflexes 
eoordinated in the submucosal and myenterie 
plexuses.This in turn aetivates the stomaeh's 
seeretory eells.The stimulation of the myen- 
terie plexus produces powerful eontraetions 
ealled imìxìng waves in the muscularis externa. 



l\/lucous 


Gastrin 


Submucosal and 
myenterie plexuses 


earried by 
bloodstream 


eells 


ehief 


eells 


eells 


Parietal 


► l\/lucus 


► Pepsinogen 


► HCI 


Partly 

digested 

peptides 


Distension 


Elevated 


Streteh 

reeeptors 


ehemoreeeptors 


l\/lixing 

waves 


Neural stimulation and the presenee of peptides and 
amino aeids in ehyme stimulate the seeretion of the 
hormone gastrin. Gastrin travels by the bloodstream 
to parietal and ehief eells, whose inereased 
seeretions reduce the pH of the gastrie juice. In 
addition, gastrin also stimulates gastrie motility. 
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Intestínal Phase 

The ìntestínal phase of gastrie seeretion begins when ehyme 
first enters the small intestine, usually after several hours of 
mixing contractions.Thefunction ofthe intestinal phase is 
eontrolling the rate of gastrie emptying to ensure that the 
seeretory, digestive, and absorptive functions of the small 
intestine ean proeeed with reasonable effieieney. Although here 
we eonsiderthe intestinal phase as it affeets stomaeh aetivity, 
the arrival of ehyme in the small intestine also triggers other 
neural and hormonal events that eoordinate the aetivities of 
the intestinal traet and the panereas, liver, and gallbladder. 


ehyme leaving the stomaeh deereases the distension 
in the stomaeh, thereby reducing the stimulation of 
streteh reeeptors. Distension of the duodenum by 
ehyme stimulates streteh reeeptors and ehemoreeep- 
tors that trigger the enterogastrìe reflex.This reflex 
inhibits both gastrin production and gastrie eontrae- 
tions and stimulates the eontraetion of the pylorie 
sphineter, which prevents further diseharge of ehyme. 
At the same time, loeal reflexes at the duodenum 
stimulate mucus production, which helps proteet the 
duodenal lining from the arriving aeid and enzymes. 



Enterogastrie 
reflex 


Myenterie 


plexus 


earried by 


bloodstream 


Duodenal 
streteh and 
ehemoreeeptors 


Presenee of 

I lipids and 
earbohydrates 


Deereased pH 


2 


Two eentral reílexes are triggered by the 


stimnlation of streteh reeeptors in the 
stomaeh wall as it fills. These reflexes aeeeler- 
ate movement along the small intestine while 
the enterogastrie reflex eontrols the rate of 
ehyme entry into the dnodennm. 


Ý 


Gentral Gastríe Reflexes 


The gastroenterìe 
reflex stimulates 
motilityand seeretion 
along the entire small 
intestine. 


The gastroìleal 

(gas-tró-IL-è-al) reflex 
triggers the opening 
of the ileoeeeal valve, 
allowing materialsto 
pass from the small 
intestine into the large 
intestine. 



The ìleoeeeal valve regulates the 
passage of materials into the large 
intestine. 


In general, the rate of ehyme movement into the small intes- 
tine is fastest when the stomaeh is greatly distended and the 
meal eontains little protein. A big meal that eontains small 
amonnts of protein, large amonnts of earbohydrates, aleohol, 
or eaffeine will leave the stomaeh very quickly. One reason for 
this is that both aleohol and eaffeine stimulate gastrie seeretion 
and motility. 


Modyle 22.15 Revìew 


a. Name and briefly deseribe an 
important eharaeteristie of eaeh of the 
three phases of gastrie seeretion. 

b. Why mightseveringthe branehes 
of the vagus nerves that supply the 
stomaeh provide relieffora person 
who suffers from ehronie gastrie ulcers 
(sores on the stomaeh lining)? 

e. Deseribe two eentral reflexes triggered 
by stimulation of the streteh reeeptors 
in thestomaeh wall. 


(S) 22.15 Explain the regulation of gastrie aetivity by eentral and loeal meehanisms. 
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The large ìntestine stores and 
eoneentrates feeal materìal 


The large intestine, also known as the large 
bowel, has an average length of abont 1.5 
meters (4.9 ft) and a diameter of 7.5 em 
(3 in.). The major fnnetions of the large 
intestine inelnde (1) reabsorbing water and 
eompaeting the intestinal eontents into 
feees, (2) absorbing important vitamins 
generated by baeterial aetion, and (3) storing 
feeal material prior to defeeation. The large 
intestine eonsists of three segments: the 
eeenm, the eolon, and the reetnm. 



Right eolie 
flexure 



Material arriving from the ileum first 
enters an expanded pouch ealled the 
cecum (S£-kum). The cecum eolleets and 
stores materials from the ileum and begins 
the proeess of eompaetion 
(the forming of feees by 
eompression). 


The aseendìng eolon begins at the 
cecum and aseends along the right 
margin of the peritoneal eavity to the 
inferior surface of the liver. There, the 
eolon bends sharply to the left at the 
right eolie (hepatie) flexure, and this 


marks the end of the aseending eolon. 


The ileum attaehes 
to the medial surface 
of the cecum and 
opens into the cecum 

at the ileoeeeal valve. 


Cecum 




The slender, hollovv appendix (also ealled the vermiform 
appendix) is attaehed to the cecum.The appendix is 
generally about 9 em (3.6 in.) long, but its size and shape are 
quite variable.The mucosa and submucosa of the appendix 
are dominated by lymphoid nodules, and the appendix 
functions primarily as an organ of the lymphatie system. 
Inflammation of the appendix is knovvn as appendieitis. 


The eolon has a larger diameter and a 
thinner wall than the small intestine. We 
ean snbdivide the eolon into four regions: the 
aseending eolon, transverse eolon, deseending 
eolon, and sigmoid eolon. The aseending and 
deseending eolon are retroperitoneal and firmly 
attaehed to the abdominal wall. The transverse 
eolon and sigmoid eolon are snspended by 
remnants of the embryonie mesoeolon. 
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Hepatie portal vein 



Sigmoid flexure 


The rectum (REK-tum), which forms the 
last 15 em (6 in.) of the digestive traet, is an 
expandable organ for the temporary storage 
of feees.The movement of feeal material into 
the rectum triggers the urge to defeeate. 


The transverse eolon erosses the abdomen from right 
to left. It is supported by the transverse mesoeolon and is 
separated from the anterior abdominal wall by the layers 
of the greater omentum. As the transverse eolon reaehes 
the left side of the body, the eolon makes a 90° turn at the 
left eolie (splenie) flexure. 


Left eolie flexure 
Greater omentum (cut) 


The serosa of the eolon eontains numerous teardrop- 
shaped saes of fat ealled omental (fatty) appendìees. 


The deseendìng eolon proeeeds inferiorly along the 
body's left side until reaehing the iliae fossa. At the iliae 
fossa, the deseending eolon ends at the sìgmoìd flexure. 


Three separate longitudinal bands of smooth muscle— 
ealled the tenìae eoli (TÈ-nè-è KÒ-lè; singular, tenia )— 
run along the outer surfaces of the eolon just deep to the 
serosa.These bands eorrespond to the outer layer of the 
muscularis externa in other portions of the digestive 
traet. 


Muscle tone within the teniae eoli is what ereates haustra 
(HAWS-truh), a series of pouches in the wall of the eolon. 
Cutting into the intestinal lumen reveals that the ereases 
between the haustra affeet the mucosal lining as well, 
producing a series of internal folds. Haustra permit the 
expansion and elongation of the eolon, rather like the 
bellows that allow an aeeordion to lengthen. 


The sigmoid flexure is the start of the sìgmoìd 
(SIG-moyd; sigmeidos, Greek letter S) eolon, an S-shaped 
segment that is about 15 em (6 in.) long and empties into 
the rectum. 


Powerful peristaltie eontraetions ealled mass 
movements occur a few times eaeh day in 
response to distension of the stomaeh and 
duodenum. These eontraetions begin at the 
transverse eolon and push materials along the 
distal portion of the large intestine. 


Modole 22.16 Revíew 


a. Name the major functions ofthe large intestine. 

b. Identify the segments ofthe large intestine and the 
four regions of the eolon. 

e. Deseribe mass movements. 


(S) 22.16 Deseribe the gross anatomy of the three segments of the large intestine. 
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The large ìntestine eompaets feeal 
material; the defeeation reflex 
eoordinates the elimination of feees 



The major eharaeteristies of the 
wall of the large intestine are 
the laek of villi and the presenee of 
distinetive intestinal glands dominated 
by mucous eells. The mucosa of the 
large intestine does not prodnee 
enzymes; any digestion that occurs 
results from enzymes seereted into the 
small intestine or released by baeteria. 
The mucus lubricates the feees as it 
beeomes drier and more eompaet. 


Aggregated 

lymphoid 

nodule 




Simple columnar 
epithelium 


Intestinal gland 


l\/lucous eells 


l\/luscularis mucosae 
Submucosa 


IVIuscularìs Externa 


Circular layer 


Longitudinal 
layer (teniae eoli) 




The distal portion of the rectum, the anal eanal, 
eontains small longitudinal folds ealled anal 
columns.The margins of these columns are 
joined by transverse folds that mark the 
boundary between the columnar epithelium of 
the proximal rectum and a stratified squamous 
epithelium like that in the oral eavity. 


Anal columns 


The external anal sphíneter eonsists of a ring 
of skeletal muscle fibers that eneireles the distal 
portion of the anal eanal.This sphineter eonsists 
of skeletal muscle and is under voluntary eontrol. 


The circular muscle layer of the muscularis 
externa here forms the ínternal anal sphìneter, 
which is eomposed of smooth muscle fibers and 
is not under voluntary eontrol. 


The anus is the exit of the anal eanal. Here, the 
epidermis beeomes keratinized and identieal to 
the surface of the skin. 


Rectum, seetìoned 


This illustration shows the eharaeteristie features 
of the rectum, the last segment of the digestive 


traet. The lamina propria and submucosa of the distal 
portion of the rectum eontain a network of veins. 

If venous pressures there rise too high due to 
straining during defeeation or pregnaney, the 
veins ean beeome distended, prodneing 
hemorrhoids. 
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Less than 10 pereent of the nntrient absorption within the digestive traet oeenrs in the 
large intestine. Nevertheless, absorption in this segment of the digestive traet is very 


important. In addition to preventing dehydration by reabsorbing water, the epithelinm 
absorbs three vitamins prodneed by the normal baeteria living in the eolon. 


On average, 
1500 mL of 
material 
enters the 
eolon eaeh day. 


Vìtamìn Absorptìon 

Vitan 

i 

nin K Vitanr 

ìin B 5 Bie 

itin 


— 




Over 1 L of water is reabsorbed 

through osmosis. 


Organie wastes, such as urobilinogen, and 
various toxins generated by baeteria will 
remain in the eolon. 


Only 200 mL of feees is ejeeted. Feeal 
material is 75% water, 5% baeteria, and 
the rest a mixture of indigestible materials, 
inorganie matter, and the remains of 
epithelial eells. Baeteria produce several 
compounds that contribute to the odor 
of feees, including ammonia, ìndole 
and skatole (two nitrogen-eontaining 
compounds), and hydrogen sulfìde (H^S), 
a gas that produces a"rotten egg"odor. 


4 


The reetal ehamber is usually empty, except 


when a powerful peristaltie eontraetion 
forees feees out of the sigmoid eolon. Distension 
of the reetal wall then starts 
the defeeation reflex. 


L2a 






Stimulation of somatie 
motor neurons 


which involves two positive 
feedbaek loops, triggered 
by the stimnlation of 
streteh reeeptors in the 
walls of the rectum. 






L 






Long Reflex 






s 






Short Reflex 


The first loop is a short 
reflex that triggers a series 
of peristaltie eontraetions 
in the rectum that move 
feees toward the anus. 




Stimulation of 
parasympathetie 
motor neurons in 
saeral spinal eord 


inereased peristalsis 
throughout large 
intestine 



S1 


Stimulation of myenterie 
plexus in sigmoid eolon 
and rectum 


S2 


Stimulation of 
streteh reeeptors 


inereased loeal 
peristalsis 


Start 


i 




i|L^' DISTENSION 

OF RECTUM 






KEY 




Stimylates 


Inhibits 


The long reflex is eoordinated 
by the saeral parasympathetie 
system.This reflex stimulates 
mass movements that push 
feees toward the rectum from 
the deseending eolon and 
sigmoid eolon. 


Voluntary relaxation of the 
external sphineter ean override 
the eontraetion direeted by 
somatie motor neurons (L2a). 


Hl 



11 


i n.j' . 


Relaxation of internal 
anal sphineter; feees 
move into anal eanal 



lnvoluntary eontraetion 
of external anal 
sphineter 



If external sphineter 
is voluntarily relaxed, 
defeeation occurs. 


Modyle 22.17 Revíew 


a. Gompare the structural features ofthe 
large intestine and the small intestine. 

b. Define hemorrhoids. 

e. Deseribe the two positive feedbaek 
loops involved in the defeeation reflex. 


22.17 Deseribe the large intestine's histology and role 
in feeal eompaetion, and explain the defeeation reflex. 
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Labelìng 

Label the structures of 
a typieal tooth in the 
aeeompanying figure. 









rr 








8 

9 

10 

11 

12 


Goneept map 

Use eaeh of the follovving terms onee to fìll in the blank boxes to eorreetly eomplete the map. 
• aeid production • material in jejunum 



Short answer 

Briefly deseribe the similarities and differenees betvveen parietal eells and ehief eells in the stomaeh vvall. 
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Module 22.18 


SECTION 3 • Aeeessory DìgestìveOrgans 




Some aeeessory dìgestive organs 
have seeretory functions 


The aeeessory digestive organs are the salivary 
glands, the gallbladder, the panereas, and the liver. 
The salivary glands and panereas prodnee and store 
enzymes and bnffers that are essential to normal 
digestive fnnetion. In addition to their roles in 
digestion, the salivary glands, liver, and panereas 
have vital metabolie and endoerine fnnetions. 


Aeeessory Dìgestìve Organs 

Salìvary Glands 

Three pairs of salivary glands produce seeretions that 
eontain mucins and enzymes. 


Gallbladder 


The gallbladder stores and eoneentrates bile seereted by 
the liver. 


Panereas 


Exocrine eells seerete buffers and digestive enzymes; 
endoerine eells seerete insulin, glucagon, panereatie 
polypeptide, and GH-IH, hormones introduced in 
l\/lodule 16.10 (p. 604). 


Líver 



The liver has almost 200 known functions. Some of the 
most important are listed in the table below. 





& 



# 

iT 


m 




m 



Dígestíve and Metabolíe Functíons of the Líver 

• Synthesizing and seereting bile 

Other Major Functíons 

• Storing glyeogen and lipids 

• Synthesizing plasma proteins 

• Maintaining normal eoneentrations of 
glucose, amino aeids, and fatty aeids in 

• Synthesizing elotting faetors 

the bloodstream 

• Phagoeytizing damaged red 

• Synthesizing and intereonverting 

blood eells (by Kupffer eells) 

nutrient types (such as the eonversion 

• Storing blood 

of earbohydrates to lipids) 

• Absorbing and breaking down 

• Synthesizing and releasing eholesterol 

circulating hormones and 

bound to transport proteins 

immunoglobulins 

• inaetivating toxins 

• Absorbing and inaetivating 

• Storing iron 

• Storing fat-soluble vitamins 

lipid-soluble drugs 


Modyle 22.18 Revíew 


a. What is the function ofthe salivary 
glands? 

b. Distinguish between the exocrine and 
endoerine seeretions of the panereas. 

e. Which aeeessory organ ofthe digestive 
system is responsible for almost 200 
known functions? 


(S) 22.18 Deseribe the functions ofthe aeeessory organs ofthe digestive system. 
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Saliva mbrieates and moistens the 
mouth and initiates the digestion 
of complex ea rbohyd rates 



Three pairs of salivary glands seerete into the oral eavity. Eaeh 
pair has a distinetive eellnlar organization and prodnees saliva 
with slightly different properties. Any objeet in your mouth ean 
trigger a salivary ref[ex by stimnlating reeeptors monitored by the 
trigeminal nerve (V) or taste buds innervated by eranial nerves VII, 
IX, or X. Parasympathetie stimnlation aeeelerates seeretion by all the 
salivary glands, resnlting in the prodnetion of large amonnts of saliva. 



Parotid duct 


Nunnerous sublìngual ducts open 
along either side of the lingual frenulum. 


Lingual frenulurT 


One large submandìbular duct opens 
into the mouth on eaeh side of the 
anterior margin of the lingual frenulum. 


The large parotìd (pa-ROT-id) salìvary glands lie 
inferior to the zygomatie areh deep to the skin 
eovering the lateral and posterior surface of the 
mandible. Eaeh gland has an irregular shape, 
extending from the mastoid proeess of the temporal 
bone aeross the outer surface of the masseter 
muscle.The parotid salivary glands produce a serous 
seeretion eontaining large amounts of salivary 
amylase.The seeretions of eaeh parotid gland are 
drained by a parotìd duct, which empties into the 
vestibule at the level of the seeond upper molar. 


The Salívary Glands 


The sublìngual (sub-LING-gwal) 
salìvary glands lie under either 
side of the tongue, eovered by the 
mucous membrane of the floor of 
the mouth.These glands produce 
a mucous seeretion that aets as a 
buffer and lubricant. 


The submandìbular salìvary glands lie 

along the inner surface of the mandible 
within the mandibular groove. Gells of 
the submandibular glands seerete a 
mixture of buffers, mucins, and salìvary 
amylase, an enzyme that breaks down 
starehes (complex carbohydrates).The 
gland eells also transport antibodies 
(IgA) into the saliva, to provide 
additional proteetion against patho- 
gens in food. 
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Eaeh submandibular salivary gland eontains a mixture of 
seeretory eells, some speeialized for mucous seeretion and 


others speeialized for enzyme prodnetion. The saliva in the mouth 
is a mixture of glandular seeretions; about 70 pereent of the saliva 
originates in the submandibular salivary glands, 25 pereent from the 
parotid salivary glands, and 5 pereent from the sublingual salivary 
glands. Golleetively the salivary glands prodnee 1.0-1.5 L of saliva 
eaeh day, and 99.4 pereent of that volume is water. 



Ducts eolleet the seeretions, 
and the duct eells assist in 
the seeretion of buffers and 
antibodies. 


Mucous eells 

seerete mucins, 
water, and 
buffers. 


Serous eells seerete salivary amylase 
and lysozyme, an antibaeterial 
enzyme. They also transport antibodies 
from the interstitial fluid into the saliva. 



Submandibular salivary gland 


LM X 600 


A continuous background level of saliva seeretion flnshes the oral 
snrfaees, helping keep them elean. Bnffers in the saliva keep the 
pH of your mouth near 7.0 and prevent the buildup of aeids 
produced by baeteria. In addition, saliva eontains antibodies (IgA) 
and lysozyme, which help eontrol popnlations of oral baeteria. 
Food usually remains in the mouth long enough for chewing 
(mastieation) to mix it with saliva and break the eombination into 
a relatively homogeneons, pulpy mass. This is eompaeted by the 
tongue to form a bolus that ean be easily swallowed. 


Modyle 22.19 Revíew 


a. Name the three pairs ofsalivary glands. 

b. The digestion of which nutrient would 
be affeeted by damage to the parotid 
salivary glands? 

e. VVhieh glandular seeretions contribute 
least to saliva production? 


(S) 22.19 Discuss the structure and functions ofthe salivary glands. 
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Module 22.20 

j 


The liver, the largest viseeral 
organ, is divided into left, right 
caudate, and quadrate lobes 



The liver, the largest viseeral organ, weighs 
about 1.5 kg (3.3 Ib). These two horizontal 
seetions at vertebral levels T^^ and T^^ shown below 
give you an idea of the position of the liver relative 
to other viseeral organs. 


Liver 


The liver is wrapped in 
a tough fibrous capsule 
and is eovered by a layer 
of viseeral peritoneum. 


On the anterior surface, the 
faleìform lìgament marks the 
division between the left lobe 
and the right lobe of the liver. 


Afferent blood vessels and other 
structures reaeh the liver by traveling 
within the eonneetive tissue of the 
lesser omentum.They eonverge at 
a region ealled the porta hepatís 
("doorway to the liver"). 


Right lobe of liver 
Inferior vena eava 


Right pleural eavity 

Cut edge 
of diaphragm 



Sternum 


Left lobe of liver 


Stomaeh 


Lesser omentum 


Aorta 


Spleen 


Horízontal seetìon atthe level of vertebraT>|>| (dìagrammatíe vìew) 


Faleiform ligament 
Cut edge of diaphragm 

Right pleural eavity 
Caudate lobe of liver 

Inferior vena eava 

Right lobe of liver 



Left lobe of liver 
Parietal peritoneum 

Stomaeh 

Aorta 

Spleen 
Left kidney 


Horìzontal seetìon at the level of vertebraT-i^ (eadaver) 
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The major anatomieal landmarks and 
■■ the four liver lobes are shown on these 
anterior and posterior views of the isolated liver. 


The eoronary lìgament 

is continuous with the 
faleiform ligament. It 
extends along the edges 
of the bare area where 
the liver eontaets the 
diaphragm without a 
peritoneal eovering. 


Faleiform ligament 

Gallbladder 


Bare area 



A thiekening in the posterior 
margin of thefaleiform ligament 
is the round lígament, a fibrous 
band that marks the path of the 
fetal umbilical vein. 


Left hepatie vein 


Porta Hepatìs 

Hepatie portal vein 

Hepatie artery proper 

The eommon bìle duct 

earries bilefrom the 
liver and gallbladder to 
the duodenum by way 
of the porta hepatis. 


Inferior vena eava 


Goronary ligament 



Lobes of the Liver 


Left lobe 


The caudate (KAW-dàt) lobe lies 
on the posterior surface of the 
liver.The impression left by the 
inferior vena eava marks the 
division between the right lobe 
and the small caudate lobe. 


Right lobe 


The quadrate lobe is 

sandwiched between the left 
lobe and the gallbladder. 


The gallbladder temporarily 
stores bile produced by the 
liver. 


Module 22.20 Revíew 


a. Name the lobes ofthe liver. 

b. Whatstructure marksthedivision 
between the left lobe and right lobe of 
the liver? 

e. What is the function ofthe gallbladder? 


(S) 22.20 Deseribe the anatomy and loeation of the liver and gallbladder. 
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r 


The lìver tìssues have an extensìve 
and complex blood supply 

The lobes of the liver are divided by eonneetive tissne into 
approximately 100,000 liver lobules, the basie fnnetional 
nnits of the liver. The histologieal organization and strnetnre 
of a typieal liver lobnle are the foens of this modnle. 



This is a diagrammatie view of several liver lobnles. 
Eaeh lobule is roughly 1 mm in diameter. Liver eells, 
ealled hepatoeytes (HEP-a-tó-sits), within these lobnles 
adjust circulating levels of nntrients throngh seleetive 
absorption and seeretion. In eross seetion, a typieal liver 
lobule has a hexagonal shape and is surrounded by six 
portal areas, one at eaeh eorner of the lobule. 


The hepatoeytes in a liver lobule 
fornn a series of irregular plates 
arranged like the spokes of a wheel. 
The plates are only one eell thiek, 
and exposed hepatoeyte surfaces 
are eovered with short mierovilli. 


The plates of hepatoeytes are 
separated by liver sínusoìds, 
delieate blood vessels that 
laeka basement membrane 
but otherwise resemble large 
fenestrated eapillaries. 



Adjaeent lobules 
are separated from 
eaeh other by an 

interlobular septum. 


Bile Braneh of hepatie Braneh of hepatie 
duct portal vein artery proper 


Portal Area 

A portal area, or portal triad, eontains three structures: (1) a braneh of the 
hepatie portal vein, (2) a braneh of the hepatie artery proper, and (3) a bile 
duct. Branehes from the arteries and veins of eaeh portal area deliver 
blood to the liver sinusoids, or hepatie sinusoids, of adjaeent liver lobules. 
The hepatie portal system is a venous portal system in which the hepatie 
portal vein reeeives blood from the eapillaries of most of the abdominal 
viseera and delivers it to the hepatie sinusoids (l\/lodule 18.12, p. 673). 
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This figure provides an enlarged view of 
one portion of a single liver lobnle, and 


shows additional details of its functional anatomy. 



Bile canaliculi nnerge to form bìle ductules (DUK-tulz), which 
earry bile to bìle ducts in the nearest portal area. Bile plays an 
important role in the digestion of fats in the small intestine. 



The hepatoeytes seerete a fluid ealled bìle into a network of narrow 
ehannels between the opposing membranes of adjaeent liver eells. 
These passageways, ealled blle canallcull, extend outward, away 
from the eentral vein. Bile eontains aeidie bile salts. 



The eentral veln eolleets blood from the sinusoids of the lobule. 
The eentral veins of all the lobules ultimately merge to form the 
hepatie veins, which then empty into the inferior vena eava. 


In addition to eontaining typieal endothelial eells, the sinusoidal 
lining includesa large number of Kupffer (KOOP-fer) eells.These 
phagoeytie eells, part of the monoeyte-maerophage system, engulf 
pathogens, eell debris, and damaged blood eells. Kupffer eells are 
also responsible for storing iron, some lipids, and heavy metals 
(such as tin or mercury) that are absorbed by the digestive traet. 


As blood flows through the liver sinusoids, hepatoeytes adjaeent 
to them regulate solute and nutrient levels and absorb or seerete 
molecules as large as plasma proteins. 


Blood enters the liver sinusoids from small branehes of the hepatie 
portal vein and hepatie artery proper. About one-third of the blood 
supply to the liver is arterial blood from the hepatie artery proper. 
The rest is venous blood from the hepatie portal vein, which begins 
in the eapillaries of the esophagus, stomaeh, small intestine, and 
most of the large intestine. 


Bile 

duct 


Braneh of hepatie Braneh of hepatie 


portal vein 


artery proper 


Liver diseases (such as the various forms of viral hepatitis) and eondi- 
tions such as aleoholism ean lead to degenerative ehanges in the liver 
tissue and eonstrietion of blood flow. Pressnres in the hepatie portal 
system are usually low, averaging 10 mm Hg or less. This pressnre ean 
inerease markedly, however, if blood flow throngh the liver beeomes 
restrieted as a result of a blood elot or damage to the organ. Such a 
rise in portal pressnre is ealled portal hypertension. As pressnres 
rise, small peripheral veins and eapillaries in the portal system beeome 
distended; if they rupture, potentially fatal bleeding ean occur. Portal 
hypertension ean also foree fluid into the peritoneal eavity aeross the 
serosal snrfaees of the liver and viseera, prodneing aseites. 


Moelyle 22.21 Revíew 


a. Define hepatoeyte. 

b. Deseribe a portal area. 

e. Define Kupffer eells, and indieate their 
functions. 


(S) 22.21 Deseribe the histologieal features of liver tissue. 
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The gallbladder stores and eoneentrates bile 

The gallbladder is a hollow, pear-shaped organ that stores and eoneentrates 
bile prior to its ejeetion into the small intestine. This mnsenlar sae is loeated 
in a reeess in the posterior snrfaee of the liver s right lobe. The gallbladder is 
divided into three regions: the fundus, the body, and the neek. 


In this view, the liver has been pnlled 
upward to show the gallbladder and 
its assoeiated ducts. 



The right and left hepatìe ducts eolleet 
bile from all the bile ducts of the liver lobes. 



Round ligament 


Gallbladder 


Fundus 

Body 

Neek 


Gystie duct 


2 


The eommon bile duct passes within 
the lesser omentnm toward the stomaeh, 
turns, and penetrates the wall of the duodenum 
to meet the panereatie duct at the entranee to 
the dnodenal ampnlla (am-PUL-a), a ehamber 
within the dnodenal papílla that projeets into 
the intestinal lumen. 



Gommon bile duct 
Panereatie duct 



The hepatie ducts unite to form 
the eommon hepatìe duct. Bile 
in the eommon hepatie duct 
either flows into the eommon bile 
duct or enters the eystie duct, 
which leads to the gallbladder. 


Cut edge of lesser omentum 

Hepatie portal vein and 
hepatie artery proper 


The eommon bile duct is formed 
by the union of the eystie duct 
and the eommon hepatie duct. It 
empties into the duodenum. 



3 


This diagram shows the 
fnnetional relationships 


Intestinal Duodenal Duodenal 


lumen 


papilla 


ampulla 


The muscular hepatopanereatie 
sphineter eneireles the lumen 
of the eommon bile duct, panere- 
atie duct, and duodenal ampulla. 
Resting tension in the sphineter 
prevents bile flow into the 
duodenum except at mealtimes. 


involved in the storage and 
ejeetion of bile. Bile ean enter the 
dnodennm only when the hepato- 
panereatie sphineter is open. So 
for most of the day, bile flows into 
the gallbladder instead. 



As it remains in the 
gallbladder, bile 
beeomes more 
eoneentrated. 



The liver 
seeretes bile 
continuously: 
roughly 1 liter 
per day. 


Duodenum 


In the lumen of the digestive traet, 
bile salts breakthe lipid droplets apart 
in a proeess ealled emulslflcatlon 
(è-mul-si-fi-KÀ-shun).This inereases the 
surface area aeeessible to enzymes. 



The release of CCK by the 
duodenum triggers dilation of 
the hepatopanereatie sphineter 
and eontraetion of the gallblad- 
der.This ejeets bile into the 
duodenum through the 
duodenal ampulla. 
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Body of 
panereas 


Head of 
panereas 


Panereatie 

duct 


Duodenunn 


... and the panereas has vìtal 
endoerìne and exocrìne functìons 


The panereas lies posterior to the stomaeh, extending laterally from 
the duodenum toward the spleen. The panereas is a slender, pinkish- 
gray organ about 15 em (6 in.) long and weighing about 80 g (3 oz). 


Panereatìe aeìnar eells seerete 
panereatie enzymes that do most of the 
digestive work in the small intestine, 
breaking down ingested materials into 
small molecules suitable for absorption. 


Gommon bile duct 

In 3-10 pereent of the population, 
a small aeeessory panereatie duct 

(Santorini duct) branehes from the 
panereatie duct and empties separately 
into the duodenum. 


Duodenal papilla 

The panereatie duct meets the 
eommon bile duct at the entranee to 
the duodenal ampulla. 


The large panereatìe duct delivers the exocrine 
seeretions to the duodenum.The epithelial eells lining 
the duct and its smaller branehes seerete water and 
ions that mix with the seeretions of the exocrine 
gland eells to form a watery panereatìe juice. 


Tail of 
panereas 


Endoerine eells in 
panereatie islet 


Partitions of eonneetive 
tissue divide the interior of 
the panereas into distinet 

panereatie lobules. 


Eaeh day, the panereas seeretes about 
1000 mL (1 qt) of panereatie juice eontain- 


ing a variety of enzymes and a watery buffer 
solution. This table introduces the primary 
panereatie enzymes produced; their hmetions 
will be eonsidered further in the next ehapter. 


The panereas is 


primarily an exocrine 
organ, and panereatie tissue 
is dominated by the panere- 
atie aeíní (AS-i-ni; berry), 
which produce digestive 
enzymes and buffers. 


Major Panereatíe Enzymes 


Panereatìe alpha-amylase is a earbohydrase (kar-bó-HÌ-dràs)—an enzyme that 
breaks down eertain starehes. Panereatie alpha-amylase is almost identieal to salivary 
amylase. 


The broad head of the panereas lies within the loop formed by the 
duodenum as it leaves the pylorus. Like the duodenum, the panereas is 


retroperitoneal and firmly bound to the posterior wall of the abdominal eavity. 


• Panereatìe lípase breaks down eertain complex lipids, releasing products (such as 
fatty aeids) that ean be easily absorbed. 

• Nucleases break down RNA or DNA. 

• Proteolytie enzymes break proteins apart.They are seereted as inaetive proenzymes 
that beeome aetive onee they are in the duodenal lumen.The aetive enzymes include 
trypsin, ehymotrypsin, carboxypeptidase, and elastase. Together, they break down 
proteins into a mixture of dipeptides, tripeptides, and amino aeids. 


Moelyle 22.22 Revíew 


a. Defineemulsification. 

b. Traee a drop of bile from the hepatie 
ducts to the duodenal lumen. 

e. What is the primary digestive function 
of the panereas? 


22.22 Deseribe the structure, functions, and regulatory 
aetivities of the gallbladder and panereas. 
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Module 22.23 


CLINICAL MODULE 


+ 


r 


Dísorders of the dìgestive system 
are díverse and relatively eommon 


Oral Gavíty 


Líver 


Perìodontal dísease, the most eommon causeforthe loss of teeth, 
occurs when dental plaque forms in the area between the gums and 
teeth.The baeterial aetivity may cause gìngìvítís (shown here), 
tooth deeay, and, 
eventually, breakdown of 
the periodontal ligament 
and surrounding bone. 


Periodontal disease 



Any eondition that severely damages the liver is a threat to life. 
Hepatìtìs, an inflammation of the liver, ean be caused by aleohol 
abuse, drugs, or infeetion. eírrhosis (sir-RO-sis) is a form of 
hepatitis eharaeterized by the degeneration of liver eells and 
their replaeement with fibrous eonneetive tissue (a proeess ealled 
scarring).The surviving liver eells divide, but the fibrous tissue 
prevents the reestablishment of normal tissues. As a result, liver 
function deelines and a variety of other eomplieations develop. 
There are many different forms of viral hepatitisiThe most 
eommon are hepatìtìs A, B, and C. The hepatitis viruses disrupt 
liver function by attaeking and destroying liver eells. An infeeted 
person may develop a high fever, and the liver may beeome 
inflamed and tender. In a eondition ealled jaundìce (JAVVN-dis), 
the skin and eyes develop a yellow eolor because the bilirubin 
normally excreted in the bile is accumulating in body fluids. 


Salìvary Glands 

The mymps virus causes an infeetion of the salivary glands that 
is ealled mumps.The infeetion most often occurs in the parotid 
salivary gland, as seen here, but it may also infeet other salivary 
glands and other organs, including the gonads and the meninges. 
infeetion typieally occurs at 5 to 
9 years of age. In postadoles- 
eent males, the mumps virus 
infeeting the testes may cause 
sterility. An effeetive mumps 
vaeeine beeame available in 
1967. The vaeeine is usually 
eombined with measles and 
rubella vaeeines (to form the 
MIVIR vaeeine), and is adminis- 
tered to infants after the age of 
15 months. 



IVIumps in parotid gland 





Faleiform ligament 


eirrhosis of the liver 



Esophagus 

Esophagítís (è-sof-a-JÌ-tis) is an inflammation of the esophagus.This 
painful eondition, which ean be seen in this endoseopie view of the 
esophagus, usually results from 
the presenee of stomaeh aeids 
that leakthrough a weakened 
or permanently relaxed 
lower esophageal sphineter. 

Such backflow, or gastro- 
esophageal reflux, is 
responsible for the symptoms 
of heartburn. 



Esophagitis seen on endoseopy 


Gallbladder 


If bile beeomes too eoneentrated, erystals of insoluble minerals 
and salts ealled gallstones form. Small gallstones are not a problem 
if they ean be flushed through the bile duct and excreted. In 
eholeeystitìs (kó-lè-sis-TÌ-tis; ehole, bile + kystis, bladder + itis, 
inflammation), the gallstones 
are so large that they damage 
the wall of the gallbladder or 
bloek the eystie duct or 


eommon bile duct. In that 
ease, the gallbladder may 
need to be surgically removed. 
This removal does not 
seriously impair digestion, 
because bile production 
continues at normal levels. 



Gallstones 
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Stomaeh 


Large Intestìne 


Inflammation of the mucous membrane lining the stomaeh is ealled 
gastrìtís (gas-TRÌ-tis).This eondition may develop after ingesting 
drugs, including aspirin and aleohol. It may also appear after severe 
emotional or physieal stress, baeterial infeetion of the gastrie wall, 
orthe ingestion of strong ehemieals. Gastritis may lead to ulcer 
formation. A peptìe ulcer develops when gastrie enzymes and aeids 
erode through the stomaeh or duodenal lining. Speeifieally, a peptie 
ulcer loeated in the stomaeh is termed 
a gastríe ulcer, and one loeated in the 
duodenum is ealled a duoclenal 
ulcer. It is now known that infeetion 
by the bacterium Helieobaeterpylori 
(HE-li-kó-bak-ter pí-LÒR-í) is respon- 
sible for over 80 pereent of peptie 
ulcers. Treatment for ulcers involves 
the administration of drugs, such as 
eìmetìdìne (si-MET-i-dén) (Tagamet), 
that inhibit aeid production by gastrie 
glands, eombined with antibioties if 
Helieobaeterpylori is present. 



Gastrie ulcer 


Panereas 


Panereatìtìs (pan-krè-a-TÌ-tis) is an inflammation of the panereas. 
Faetors that may cause this eondition include bloekage of the 
excretory ducts by gallstones, viral infeetions, and toxic drugs, such 
as aleohol. Any of these stimuli may begin to injure exocrine eells in 
a portion of the organ. Lysosomes then aetivate digestive enzymes 
within the eells, which begin to break down. In about 
one-eighth of the eases, death 
results when the proeess 
does not stop, and the 
released lysosomal 
enzymes destroy 
the panereas. 



Acute panereatitis 


eolìtìs (kó-LÌ-tis) is a general term referring to inflammation of the 
eolon, often involving diarrhea or eonstipation. Diarrhea results 
when the lining of the eolon is unable to reabsorb water normally, 
or when so much fluid enters the eolon that its water reabsorp- 
tion eapaeity is exceeded. Constìpatìon is infrequent bowel 
movement (or defeeation), generally involving dry, hard feees. It 
results when feeal material moves through the eolon so slowly 
that excessive water reabsorption occurs. 

Goloreetal eaneer is relatively eommon in the Dnited States. 

Aside from skin eaneers, eoloreetal eaneer is the third most 
eommon eaneer in the Dnited States, affeeting both men and 
women. Aeeording to the Ameriean Ganeer Soeiety's estimates for 
2013, there were 102,480 new eases of eolon eaneer and 40,340 
new eases of reetal eaneer. The death rate has deelined over the 
past 20 years for both men and women. It is most eommon 
among persons over 50 years of age. Primary risk faetors for 
eoloreetal eaneer include a diet rieh in animal fats and low in fiber. 
There are also a number of inherited disorders that promote 
epithelial tumorformation along the intestines. It is believed 
that most eoloreetal eaneers begin as small, loealized tumors, or 
polyps (POL-ips), that grow from the mucosa lining the intestinal 
wall.The prognosis improves dramatieally if cancerous polyps are 
removed before metastasis has occurred. 



Colon polyp seen 
on eolonoseopy 


Small Intestìne 

Enterìtís is inflammation of the intestine (usually applied to the 
small intestine). Enteritis typieally causes watery bowel movements, 
or díarrhea (dí-a-RE-uh). One cause of diarrhea due to enteritis is the 
protozoan Giardia lamblia (shown 
here). Dysentery (dis-en-TER-è) 
is inflammation of the small 
and large intestine that usually 
produces diarrhea eontaining 
blood and mucus. Gastroenterítís 
is inflammation of the stomaeh 
and the intestines due to baeterial, 
viral, protozoan, or parasitie worm 
infeetions. Most of these eondi- 
tions are prevalent in areas that 
have poor sanitation and low 
water quality. Giardialamblia SEM x 4000 



Modyle 22.23 Revíew 


a. Deseribe periodontal disease. 

b. Deseribe eholeeystitis. 

e. What bacterium is responsible for most 
peptie ulcers? 


(S) 22.23 Briefly deseribe several digestive system disorders. 
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Labelìng 


Label the structures 
of a liver lobule in the 
aeeompanying figure. 







Matehìng 


Mateh eaeh lettered term with the most elosely related deseription. 


a. lysozyme 

b. emulsification 
e. gallstones 

d. Kupffercells 

e. panereatie lipase 

f. liver 

g. stareh 

h. panereas 

i. submandibular glands 

j. hepatoeytes 

k. gallbladder 

l. mumps 

m. eommon bile duct 

n. peptie ulcer 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


Panereatie alpha-amylase substrate 

Retroperitoneal organ 

Drains liverand gallbladder 

Bile-seereting eells 

Viral infeetion of salivary glands 

Digestive epithelial damage by aeids 

Proeess of breaking lipid droplets apart 

Panereatie enzyme that breaks down complex lipids 

Organ that seeretes bile continuously 

Antibaeterial enzyme 

Greatest producer of saliva 

Phagoeytize and store iron 

Stores bile 

eholeeystitis 


10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 
23 


Short answer 

Deseribe the benefieial roles of saliva. 




Seetìon ìntegratìon 

Predietthe consequences ofa bloekage ofthe duodenal ampulla byatumor. 
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GHAPTER 22 REVIEVV • The Dígestíve System 


Study Outlìne 


^ SEGTION 1 * Organization of the Pigestive System 



The dìgestìve system eonsìsts of the dìgestìve traet and 
aeeessory organs p. 829 


1. The dìgestìve system eonsists of the digestive traet plus 
aeeessory organs. 

2. The dìgestìve traet begins at the oral eavity (nnouth) 
and continues through the pharynx (throat), esophagus, 
stomaeh, small intestine, and large intestine. It ends with 
the large intestine, which opens to the exterior at the anus. 

3. The aeeessory organs ofthe digestive system are the teeth, 
tongue, salivary glands, liver, gallbladder, and panereas. 

4. The digestive system works with other systems to support 
tissues that have no direet eonneetion with the outside 
environment. 



The dìgestìve traet ìs a muscular tube lìned by a mucous 
epìthelìum p. 830 




A double sheet 
of peritoneal 
membrane 
ealled 
mesentery 
stabilizes the 
positions of the 
digestive traet. 



The major 
layers of the 
digestive traet 
are the mucosa 
(inner lining), 

submucosa Seetion ofdigestive traet 

(surrounds the 

mucosa), muscularìs externa (circular and longitudinal 
layers of smooth muscle eells), and serosa (viseeral 
peritoneum). 


7. Seeretions from gland eells loeated in the mucosa and 
submucosa, or in aeeessory glandular organs, are earried to 
the epithelial surfaces by ducts. 

8 . Cìrcular folds (plieae circulares) are permanent transverse 
folds in the intestinal lining. Villi are small mucosal 
projeetions into the lumen of the small intestine. 



Smooth muscle tìssue ìs found throughout the body, but 
ìt plays a partìcularly promìnent role ìn the dìgestìve traet 

p. 832 


9. In the digestive traet, the muscularis externa usually 
eontains an inner circular layer and an outer longitudinal 
layer of smooth muscle. 

10. Multi-unit smooth muscle eells are innervated by motor 
units, and are loeated in the iris of the eye, the male 
reproductive traet, large arteries, and the arreetor pili 
muscles of the skin. 


11 . Viseeral smooth muscle eells laek a direet eontaet with 
motor neurons.They are arranged in sheets, and the layers 
eontraet in waves triggered by paeesetter eells. 


12. Plastieity is the ability of a stretehed smooth muscle to 
function over a wide range of lengths. Smooth muscle 
tone is the normal background level of aetivity. 


22.4 j 


Smooth muscle eontraetìons mìx the eontents of the 
dìgestìve traet and propel materìals along ìts length 


p. 834 


13. Food enters the digestive traet as a moist, eompaet mass 
ealled a bolus. 




14. The muscularis externa propels the bolus with wavelike 
eontraetions ealled peristaísis. Segmentation churns and 
fragments a bolus without any direetional movement. 

15. The three major meehanisms that regulate and eontrol 
digestive aetivities are loeal faetors, neural eontrol 
meehanisms, and hormonal eontrol meehanisms. 


^ SECTION2 * PigestiveTraet 



16. The majororgans 

of the digestive traet 

are the oral eavity, 
pharynx, esophagus, 
stomaeh, small 
intestine, and large 
intestine.The aeeessory 
organs are the teeth, 
tongue, salivary glands, 
liver, gallbladder, and 
panereas. 

17. The general functions 
of the digestive traet are 

ingestion, meehanieal 
proeessing, digestion, 
seeretion, absorption, 
and eompaetion. 


The dìgestìve traet begìns wìth the mouth and ends wìth 


the anus p. 837 
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GHAPTER 22 REVIEVV • The Dìgestíve System (continued) 


22.6 


r 


The oral eavìty ìs a spaee that eontaìns the tongue, teeth, 
and gunis p. 838 


22.8 


r 


The niuscular walls of the pharynx and esophagus play a 
key role ìn swallowìng p. 842 


18. The superior boundary of the oral eavity is formed by the 
hard palate (palatine proeesses of the maxillary bones 
and the horizontal plates of the palatine bones), and the 
muscular soft palate. 



19. The posterior boundary of the oral eavity eontains the 
uvula, the palatine tonsils, the lingual tonsils, and the root 
of the tongue. 

20. The tongue forms the inferior boundary of the oral eavity. 
The labìa (lips) and eheeks form the anterior and lateral 
boundaries. 

21. The vestìbule is the spaee betvveen the eheeks and teeth. 
The labìal frenulum attaehes the lips to the gìngìvae, or 
gums. The língual frenulum attaehes the tongue to the 
floor of the mouth.The pharyngeal arehes are on either 
side of the uvula. The fauces is the eonneetion betvveen 
the oral eavity and the oropharynx. 



Teeth ìn dìfferent regìons of the jaws vary ìn sìze, shape, 
and functìon p. 840 


22. The eomponents of a tooth are the crown (above the 
gums), neek (boundary betvveen the erovvn and root), and 
root (vvithin a bony soeket, or alveolus). 

23. The bulk of eaeh tooth is made of dentín. Enamel eovers 
the dentin of the erovvn. Cementum eovers the dentin 
of the root.The períodontal lìgament extends from the 
dentin to the alveolus to form an articulation ealled a 

gomphosìs. 

24. The pulp eavity reeeives blood vessels and nerves through 

the apìeal foramen into the root eanal. 

25. The four different types of teeth are íneìsors, cuspìds, 
blcuspìds, and molars. 

26. The prímary dentítíon is eomposed of 20 decìduous 
teeth.The seeondary dentìtìon is eomposed of 32 
permanent teeth. 

27. Gíngívìtìs is inflammation of the gingivae, and ean 
damage teeth. Tooth deeay ean result from the dental 
plaque produced by baeteria. 


28. The pharynx is a passagevvay for solid food, drinks, and air. 
Food passes through the oropharynx and laryngopharynx 
on its vvay to the esophagus, a hollovv muscular organ 
leading to the stomaeh. 

29. The shape of the lumen and structure of the muscularis 
externa of the esophagus are unique to the rest of the 
digestive traet.There is no serosa, but an adventitía of 
eonneetive tissue anehors it to the posterior body vvall. 

30. Svvallovving, or deglutìtìon, involves three phases: 

the buccal phase, the pharyngeal phase, and the 
esophageal phase. 

31. The esophagus enters the abdominopelvie eavity 
through the esophageal hìatus of the diaphragm.The 
upper esophageal sphìneter prevents air from entering 
the esophagus, and the lower esophageal sphìneter 
prevents the baekflovv of food from the stomaeh into the 
esophagus. 


22.9 


r 


The stomaeh and most of the ìntestìnal traet are 
suspended by mesenterìes and enelosed by the perltoneal 
eavlty p. 844 


32. Víseeral perítoneum eovers the organs enelosed by the 

perítoneal eavíty.The parìetal perìtoneum lines the 
inner surfaces of the body vvall. 





Dorsal and ventral 
mesenteríes 

suspend the 
digestive traet and 
aeeessory organs 
during embryonie 
development. 

The ventral 
mesentery remains 
in the adult as the 

lesser omentum 
and the faleìform 
lìgament. 

The greater 
omentum is the 

dorsal mesentery 
of the stomaeh, 
the mesentery 
proper is the dorsal 
mesentery of the 
small intestine, and 
the mesoeolon is 
the dorsal mesentery of the large intestine. 



22.10 

J 


The stomaeh Is a muscular, expandable, J-shaped organ 
wlth three layers In the muscularls externa p. 846 


36. The regions of the stomaeh are the fundus, eardìa, body, 
and pylorus. 

37. The medial surface of the stomaeh forms the lesser 
curvature, and the lateral and inferior surfaces form the 

greater curvature. 

38. The pylorus is eomposed of the pyloríe antrum, pylorìe 
eanal, and pyloríe sphìneter. 

39. The muscularis externa of the stomaeh has an inner 
oblique layer of smooth muscle and mucosal folds ealled 

rugae. 
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22.11 


22.12 


40. The stomaeh stores, 
breaks down, and 
disrupts ehemieal bonds 
in food and produces 
intrinsie faetor. 

41. The lumen of the 
stomaeh is lined with 
shallow depressions 
ealled gastrìe pits, which 
communicate with 
several gastrie glands. 

Gastríe glands seerete 
most of the aeid and 
enzymes involved in 
gastrie digestion. 

42. The eells of gastrie glands are paríetal eells that seerete 
íntrínsìe faetor, which aids vitamin absorption in the 
small intestine, and HCI; G eells (enteroendoerine eells); 

and ehìef eells that seerete pepsìnogen. 

43. Pepsinogen is eonverted to pepsín by aeid in the gastrie 
lumen. 



The stomaeh reeeìves food and drìnk from the esophagns 
and aìds ìn meehanìeal and ehemìeal dlgestlon 

p. 848 


Layers ofthe stomaeh wall 


22.13 


w 


The small Intestlne Is dlvlded Into the duodenum, 
jejunum, and lleum p. 852 


48. The small intestines account for 90 pereent of nutrient 
absorption. 





The regions of the small intestine are the duodenum, 
jejunum, and 
ileum.The 
ileum ends at 

the ileoeeeal 
valve. 


Eaeh segment 
of the small 
intestine has 
eharaeteristie 
features.The 
transition from 
one region 
to another 
is gradual, 
and the 
boundaries 
are indistinet. 


22.14 


Flve hormones are Involved In the regulatlon of dlgestlve 
aetlvltles p. 854 


The Intestlnal traet Is speelallzed to absorb nutrlents p. 850 

44. The intestinal lining has transverse folds ealled circular 
folds that greatly inerease the surface area for absorption. 

45. The mucosa of the small intestine eontains fingerlike 
projeetions ealled intestinal villi. At the base of the villi 
are the entranees into the intestinal glands. 

46. Eaeh villus has a complex internal structure with a blood 
eapillary networkthat earries absorbed nutrients to 
the liver via hepatie portal circulation, and a lymphatie 
eapillary ealled a laeteal that absorbs materials that eannot 
enter the blood eapillaries. 


47. The mierovilli of the simple columnar epithelium on the 
surface of eaeh villus projeet to form a brush border. 



Layers ofthe small intestine 


51. The duodenum produces four of the five hormones that 
regulate digestion. 

52. The hormones are gastrìn (seereted by G eells in stomaeh; 
stimulates gastrie motility), seeretìn (release of panereatie 
enzymes and bile seeretion), gastrìe ìnhìbìtory peptìde 
(release of insulin from panereas), eholeeystokìnìn 
(release of panereatie enzymes and bile seeretion), and 
vasoaetìve ìntestìnal peptìde (dilation of intestinal 
eapillaries). 


22.15 


r 


Gentral and loeal meehanìsms eoordìnate gastrìe and 
ìntestìnal aetìvìtìes p. 856 


53. The duodenum plays a key role in eontrolling the three 
phases of gastrìe seeretìon: eephalie phase, gastrie phase, 
and intestinal phase. 

54. The eephalìe phase of gastrie seeretion begins when you 
see, smell, taste, or think of food. The CNS is preparing the 
stomaeh to reeeive food. 


55. The gastrìe phase is when food arrives in the stomaeh. It 
includes distension of the stomaeh, an inerease in pH, and 
the presenee of undigested materials in the stomaeh. 




The ìntestìnal 
phase is when 
ehyme first enters 
the small intestine. 

Two eentral 
gastrìe reflexes 

are stimulated by 
streteh reeeptors 
in the stomaeh. 
The gastroenterìe 
reflex stimulates 
motility and 
seeretion, and the 
gastroìleal ref1ex 
opensthe 
ileoeeeal valve. 
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GHAPTER 22 REVIEVV • The Digestíve System (continued) 


22.16 


22.17 


The large ìntestìne stores and eoneentrates feeal materìal 

p. 858 

58. The functions of the large íntestìne include reabsorbing 
water and eompaeting the intestinal eontents into feees, 
absorbing important vitamins generated by baeteria, and 
storing feeal material prior to defeeation. 

59. Material from the ileum enters the cecum through the 
ìleoeeeal valve. Compactíon begins in the cecum.The 
slender appendìx is attaehed to the cecum. 



60. The three segments of the large intestine are the cecum, 
the eolon, and the rectum.The anatomy of the eolon 
begins at the cecum and continues to the aseendìng 
eolon, rìght eolíe f1exure, transverse eolon, left eolíe 
f1exure, deseendìng eolon, sìgmoìd f1exure, sígmoìd 
eolon, and rectum. 

61. Along the length of the large intestine are pouches ealled 
haustra, and longitudinal bands of smooth muscle ealled 

tenìae eolì. 

62. Powerful peristaltie eontraetions ealled mass movements 
push materials toward the distal portion of the large 
intestine. 


The large ìntestìne eompaets feeal materìal; the defeeatìon 

reflex eoordìnates the elìmìnatìon of feees p. 860 

63. The large intestine laeks villi, but has distinet intestinal 
glands dominated by mucous eells. Digestion in the small 
intestine is by enzymes seereted into the small intestine, 
and by baeteria. 

64. Hemorrhoìds are distended veins in the rectum that result 
from high venous pressures. 

65. The distal portion of the anal eanal eontains small 
longitudinal folds ealled anal columns. 

66 . The circular muscle layer of the muscularis externa forms 
the ìnternal anal sphíneter, which is not under voluntary 
eontrol. 

67. The external anal sphíneter is a ring of skeletal muscle 
fibers, and is under voluntary eontrol. 

68 . The eolon absorbs three bacteria-produced vitamins: 
vitamin K, vitamin 85 , and biotin. 

69. Distension of the reetal walls starts the defeeatíon ref1ex, 
which involves two positive feedbaek loops: the short 
ref1ex and the long ref1ex. 


^ SEGTION 3 * Aeeessory Pigestive Organs 


22.18 


r 


Some aeeessory dìgestìve organs have seeretory functìons 

p. 863 


70. The aeeessory digestive organs are the salívary glands, 
gallbladder, panereas, and liver.The liver has almost 200 
known functions. 


22.19 


W 


Salìva lubrìcates and moìstens the mouth and ìnìtìates the 
dìgestìon of complex earbohydrates p. 864 


71. Three pairs of salivary glands seerete into the oral eavity: 

the sublíngual salìvary glands, the submandìbular 
salívary glands, and the parotìd salívary glands. 

72. Salìva is a mixture of glandular seeretions: 70 pereent 
submandibular salivary glands, 25 pereent parotid salivary 
glands, 5 pereent sublingual salivary glands. 

73. 99.4 pereent ofthe 1.0-1.5 Lof saliva produced eaeh day is 
water. 

74. l\/lucous eells seerete mucins, water, and buffers. Serous 
eells seerete salivary amylase and lysozyme. 


22.20 


W 


The lìver, the largest vìseeral organ, ìs dìvìded ìnto left, 
rìght, caudate, and quadrate lobes p. 866 


75. The liver is wrapped in a tough fibrous capsule and 
eovered by viseeral peritoneum. 

76. The faleiform ligament marks the division between the 
right lobe and left lobe. A thiekening of the posterior 
margin of the faleiform ligament forms the round 
ligament. 



Posterior 

vjewoftheljver 


77. The inferior vena eava lies between the caudate lobe and 
right lobe.The quadrate lobe lies between the left lobe 
and gallbladder. 

78. The gallbladder stores bile.The eommon bile duct earries 
bile from the liver and gallbladder to the duodenum. 


22.21 


W 


The lìver tìssues have an extensìve and complex blood 
supply p. 868 


79. The lobes of the liver are divided by eonneetive tissue into 
100,000 liver lobules, the basie functional units of the 
liver. A typieal lobule is hexagonal and surrounded by six 
portal areas, one at eaeh eorner. 
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80. A portal area, or portal triad, eontains three structures: a 
braneh of the hepatie portal vein, a braneh of the hepatie 
artery proper, and a small braneh of bile duct. 

81. Liver eells, or hepatoeytes, vvithin the lobules adjust 
circulating levels of nutrients. Liver sinusoids separate 
plates of hepatoeytes. Hepatoeytes seerete bile into bile 
canaliculi. Bile canaliculi merge to form bile ductules, 
vvhieh earry bile to the bile ducts. 

82. The eentral vein eolleets blood from the sinusoids of the 
lobule. The eentral veins of all the lobules merge to form 
the hepatie veins, vvhieh empty into the inferior vena eava. 

83. Sinusoids eontain Kupffer eells, phagoeytie eells that are 
part of the monoeyte-maerophage system that engulf 
pathogens, eell debris, and damaged blood eells. 

84. Viral hepatitis, aleoholism, and portal hypertension ean 

damage the liver. 



The gallbladder stores and eoneentrates bìle and the 
panereas has vìtal endoerìne and exocrìne functìons 


p. 870 


85. The gallbladder is loeated in a reeess in the posterior 
surface of the liver's right lobe. The three regions of the 
gallbladder are the fundus, body, and neek. 

86 . The right and left hepatie ducts eolleet bile from the liver, 
and transport the bile to the eommon hepatie duct. Bile 
enters either the eommon bile duct or the eystie duct, 
vvhieh leads to the gallbladder.The eommon bile duct 

is formed by the union of the eystie duct and eommon 
hepatie duct, and enters the duodenum. 


87. The eommon bile duct penetrates the vvall of the 
duodenum and meets vvith the panereatie duct at the 

duodenal ampulla, a ehamber vvithin the duodenal 
papilla that projeets into the intestinal lumen. The 
hepatopanereatie sphineter prevents bile flovv into the 
duodenum except at mealtimes. 


88 . The head of 
the panereas 
lies vvithin the 
loop formed by 
the duodenum. 
The panereatie 
duct delivers 
panereatie 
juice to the 
duodenum. 



89. The panereas is primarily an exocrine organ. Panereatie 
aeini produce digestive enzymes that break dovvn 
starehes, lipids, RNA, DNA, and proteins. Panereatie aeini 
also seerete buffers. 



Dísorders of the dìgestíve system are dìverse and 
relatìvely eommon p. 872 


90. Periodontal disease, mumps, and gastroesophageal 
ref1ux are eommon disorders of the digestive system. 
Other disorders include hepatitis, gallstones, 
panereatitis, gastritis, and enteritis. Goloreetal eaneer 

is the third most eommon eaneer in the Llnited States, 
affeeting both men and vvomen. 


ehapter Review Questions 


Labelíng 


Label the figure shovvn here. 
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GHAPTER 22 REVIEVV • The Dìgestíve System (continued) 


True/False 


Indieate vvhether eaeh statement is true or false. 



Kupffer eells are phagoeytie eells vvithin liver sinusoids. 

The gallbladder produces almost as much bile on a daily 
basis as the liver. 



Panereatie islets produce the exocrine seeretions for 
digestion. 



Most saliva originates in the submandibular glands. 



The eorreet order of small intestine segments is: 
duodenum, ileum, and jejunum. 



Haustra are a series of pouches along the length of the 
eolon. 




15 

16 



IVIultìple ehoíee 


Seleet the eorreet ansvver from the list provided. 



The release of panereatie seeretions and bile into the duodenum is 
caused by 

Q a) eholeeystokinin. 

Q b) gastrie inhibitory peptide. 

Q e) gastrin. 

Q d) vasoaetive intestinal peptide. 



A mesentery that forms a pouch betvveen the body vvall and the 
anterior surface of the small intestine is the 

Q a) greater omentum. 

Q b) lesser omentum. 

Q e) mesoeolon. 

Q d) mesentery proper. 



VVhieh ofthefollovving isnof a majorfunction ofthe large intestine? 

Q a) reabsorbing vvater and eompaeting the intestinal eontents 

into feees 

Q b) producing enzymes that assist panereatie juice 
Q e) absorbing vitamins produced by baeterial aetion 
Q d) storing feeal material priorto defeeation 



Fingerlike projeetions into the lumen of the small intestine are ealled 

Q a) mierovilli. 

Q b)villi. 

Q e) circular folds. 

Q d) rugae. 



Pepsin is formed by a reaetion betvveen 
Q a) gastrie lipase and aeid. 

Q b) pepsinogen and intrinsiefaetors. 
Q e) bile and panereatie juice. 

Q d) pepsinogen and aeid. 



VVhieh of the follovving structures is 
area? 

Q a) braneh of the hepatie portal 
Q b) braneh of the hepatie vein 
Q e) braneh of the hepatie artery 
Q d) braneh of a bile duct 


not a eomponent of a portal 
vein 

proper 


Short answer 



Name the four different types of teeth. VVhat is the number of 
deciduous teeth and permanent teeth? 



Identify the three phases of gastrie seeretion, and provide a brief 
deseription of eaeh phase. 



Deseribe the hepatie portal system. 


MasteringA&P® 
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ehapter Integratìon • Applyíng what you have learned 


Three forms of vveíght eontrol surgery 

Obesity is a medieal eondition in which excess body fat adversely 
affeets the quality of life, leading to inereased health problems 
and deereased life expectancy. Aeeording to 2010 statisties 
reported by the Genters for Disease Gontrol and Prevention 
(CDC), 35.7 pereent of Ameriean adults and 16.9 pereent of 
ehildren and adoleseents are obese. Moreover, despite public 
awareness and health initiatives, not one of the 50 states met the 
government-sponsored Healthy People 2010 goal of redneing to 
15 pereent the pereentage of the popnlation that is obese. 

Beeanse obesity is a leading preventable cause of death, 
more people have turned to snrgery to help them lose weight. 
One form of weight eontrol snrgery involves gastrie stapling. In 
this proeednre, a large portion of the gastrie lumen is stapled 
shut, leaving only a small pouch in eontaet with the esophagns 
and duodenum. 




Gastrie bypass is another 
snrgieal proeednre to induce 
weight loss. In this snrgery, 
the proximal small intestine 
(duodenum) is eonneeted to a 
small pouch formed by a superior 
portion of the stomaeh. Althongh 
this proeednre seems more effeetive 
than gastrie stapling, it involves more 
eomplieated snrgery. 

A third proeednre, adjnstable gastrie band snrgery (also 
known as lap-band snrgery), is shown above. It involves plaeing 
an inflatable silieone deviee around the snperior aspeet of the 
stomaeh by laparoseopie snrgery. This proeednre is performed on 
obese patients with a body mass index (BMI) of 35-40 or greater. 
(The body mass index is a ratio ealenlated by dividing one s weight 
in kilograms by the square of one s height in meters; it is used to 
identify those people who are overweight or underweight.) 

After eaeh type of snrgery, the stomaeh will hold 
approximately 110-220 grams of food at eaeh meal, eompared to 
1500 grams for a normal, distended stomaeh. Althongh snrgieal 
intervention is successful in many eases, the risks for potential 
eomplieations are also high. 



How would gastrìe staplíng result in weight loss? 

Explain the roles of the streteh reeeptors and the feeling of 
fullness after the gastrie stapling procedure. 



Llsing your knowledge of smooth muscle tissue, what will 
happen to the gastrie muscularis externa over time after gastrie 
staplíng? 



How do gastrie bypass surgery and lap-band surgery help 
aehieve the goal of weight loss? 
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LEARNING OUTCOMES 


These Learning 
Onteomes 
eorrespond 
bynnmberto 
this ehapter's 
modnles and 
indieate what 
you should be 
able to do after 
eompleting 
the ehapter. 

V J 


(S) 

Learning Onteomes 
arerepeated atthe 
bottomofeaeh 
module. 


iSECTION1 


lntroduction to Cellular Metabolism 


23.1 

_ À 



Define metabolism, eatabolism, and anabolism, and give an overvievv of cellular 
metabolism. 

Deseribe the role of the nutrient pool in cellular metabolism. 

Deseribe the basie steps in the eitrie aeid eyele. 

Deseribe the basie steps in the eleetron transport system. 


SECTION 2 • Digestion and Metabolism of Organie Nutrients 


23.6 


23.8 


23.9 


23.10 


23.11 


23.12 


23.13 


23.14 


Outline the steps involved in digestion, and list the nutrients used by the body. 

Deseribe earbohydrate metabolism. 

Deseribe the fate of glucose in glyeolysis. 

Deseribe the meehanisms of lipid transport and distribution. 

Deseribe the fate of fatty aeids in lipid metabolism. 

Summarize the main features of protein metabolism and the use of proteins as an energy 


source. 


Differentiate betvveen the absorptive and postabsorptive metabolie 
states and summarize the eharaeteristies of eaeh. 

Explain the role of fat-soluble vitamins and vvater-soluble vitamins in 
metabolie pathvvays. 

Explain vvhat constitutes a balaneed diet and vvhy such a diet is 
important. 

CLINICALMODULE Deseribe several metabolie disorders resulting 
from nutritional or bioehemieal problems. 


r 


SECTION3 • Energetìes and Thermoregulatìon 


23.15 


23.16 


23.17 


23.18 


Explain energeties and the role of thermoregulation in maintaining 
homeostasis. 

Deseribe the roles of the satiety eenter and the feeding eenter in the regulation 
of food intake. 

Discuss the meehanisms involved in heat gain and heat loss. 

Discuss the homeostatie meehanisms that maintain a eonstant body i 

temperature. 
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IVlodule23.1 


SECTION 1 • liitroductioii to Cellular Metabolìsm 



Metabolísm refers to all the ehemkal reaetions in the body 

The term metabolism (me-TAB-ó-lizm) refers to all the ehemieal 
reaetions that occur in an organism. Ghemieal reaetions within eells, 
eolleetively known as cellular metabolísm, provide the energy needed 
to maintain homeostasis and to perform essential functions. As noted in 
ehapter 2, eatabolism is the breakdown of organie snbstrates in the body, 
whereas anabolism is the synthesis of new organie moleenles. 


An Overvíew of Cellular Metabolìsm 

In the proeess of metabolìe turnover, 

eells continuously break dovvn and 
replaee all their organie eomponents 
except DNA.The eatabolie reaetions 
involved provide very little ATP to the 
eell. Gells continuously absorb organie 
molecules from the surrounding 
interstitial fluids, adding to those 
released through eatabolie reaetions 
in metabolie turnover. 

All of the eelTs organie building bloeks 
form a nutríent pool —an aeeessible 
source of organie substrates.The 
eomponents of the nutrient pool 
ean be either used for anabolism or 
broken dovvn further for ATP produc- 
tion.This seetion eonsiders the origins 
and fate of the nutrient pool, and 
ends vvith an overvievv of the 
eatabolie pathvvays that provide ATP. 

In mitoehondria, the eatabolie 
reaetions of aerobie metabolism 
release signifieant amounts of 
energy. About 40 pereent of the 
energy released in these eatabolie 
reaetions is captured and used 
to eonvert ADP to ATP. The other 

60 pereent eseapes as heat that 
vvarms the interior of the eell and 
the surrounding tissues. 

The ATP 
produced by 
mitoehondria 
provides 
energy to 
support both 
anabolism 
and other eell 
functions. 
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Anaerobie eatabolism in 
the eytosol releases small 
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l\/lodule23.1 Revíew 


Gompare metabolism 
vvith cellular 
metabolism. 

Distinguish betvveen 
eatabolism and 
anabolism. 

Explain the proeess of 
metabolie turnover. 


(S) 23.1 Define metabolism, eatabolism, and anabolism, and give an overvievv of cellular metabolism. 
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Module23.2 



Cells ean break down any avaìlable substrate from 
the nutríent pool to obtaín the energy they need 


The nutrient pool is the source 
of the organie substrates for both 
eatabolism and anabolism. Cells 
tend to eonserve the materials 
needed to build new eomponnds 
and break down the excess. 


The nutrient pool is the key 
to the eelfs snrvival beeanse 
it eontains the organie materials 
required for both anabolism and 
eatabolism. Cells are continuously 
replaeing membranes, organelles, 
enzymes, and structural proteins 
as well as performing their 
speeialized fnnetions. All of these 
fnnetions require ATP, so the 
eelfs mitoehondria must have a 
continuous supply of two-carbon 
snbstrate moleenles. In this 
diagram, the thiekness of the 
arrow indieates the relative 
importanee of that pathway 
in an inaetive eell. 
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Organie connpounds 
that ean be 
absorbed by eells 
are distributed to 
eells throughout 
the body by the 
bloodstream. 


KEY 



= Gatabolie pathvvay 



= Anabolie pathvvay 
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The nntrient pool of eaeh eell 
eontribntes to the metabolie 


reserves of the body as a whole. When 
absorption aeross the digestive traet 
is insnffieient to maintain normal 
nntrient levels in 
the blood, those 
reserves ean be 
mobilized. 



Nutrients obtained through 
digestion and absorption 


Liver eells store triglyeerides and 
glyeogen reserves. If absorption by the 
digestive traet fails to maintain normal 
nutrient levels, the triglyeerides and 
glyeogen are broken down and the 
fatty aeids and glucose are released. 




Nutrients distributed 
in the blood 




Neural tissue requires a 
continuous supply of glucose. 


During starvation, other tissues 
shift to fatty aeid or amino aeid 
eatabolism, eonserving glucose 
for neural tissue. 





Cells in most tissues 
continuously 
absorb and 
eatabolize glucose. 


Adipoeytes eonvert excess fatty aeids to 
triglyeerides for storage. If absorption by 
the digestive traet and reserves in the 
liver eannot maintain normal nutrient 
levels, the triglyeerides are broken down 
and the fatty aeids released. 



Skeletal muscles at rest metabolize fatty aeids 
and use glucose to build glyeogen reserves. 
Amino aeids are used to inerease the number 
of myofibrils. If the digestive traet, adipoeytes, 
and liver are unable to maintain normal 
nutrient levels, the eontraetile proteins ean be 
broken down and amino aeids released into 
the circulation for use by other tissues. 
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Neither the diet nor the nntrient pool provides everything needed to bnild 


3 


every protein, earbohydrate, and lipid a eell might require. With few exceptions, 
this is not a problem because the eell also eontains the enzymes neeessary to synthe- 
size what it needs from available snbstrates. This diagram is a general overview of the 
eatabolie and anabolie pathways involved; these pathways will be the focus of the next 
seetion. Several modnles in earlier ehapters provided an overview of some of the key 
steps and pathways (Modnles 2.8, 2.14, 2.15, 2.17, 2.19, and 9.12). You should take the 
time to go baek and review that material before proeeeding. 


KEY 



= Gatabolie pathvvay 



= Anabolie pathvvay 


Triglyeerides 


Glyeogen 


Proteins 


Fatty aeids 
ean be 
stored as 
triglyeerides. 


Stored triglyeer- 
ides ean be 
broken down 
into fatty aeids 
and glyeerol. 


In glyeogenesìs, 

glyeogen is 
synthesized 
from glucose. 


The release 
of glucose 
from glyeogen 
is ealled 

glyeogenolysìs 


Nutrient 


Fatty aeids 


Glucose 


Aminoaeids • 


The breakdown of 
a fatty aeid releases 
acetyl-CoA that ean 
enter the eitrie aeid 



Fatty aeid synthesis begins 
with acetyl-CoA. Because 
this is the eommon 
intermediary for all aerobie 
eatabolie pathways, fatty 
aeids ean be synthesized 
from excess earbohydrates 
or amino aeids. 


Gluconeogen- 
esis: glucose 
synthesis from 
smaller earbon 
ehains. 


Glyeolysìs: 

glucose break- 
down into two 
three-earbon 
molecules. 


Three-earbon ehains 


The primary use of amino aeids 
is the synthesis of proteins. 
Amino aeids are seldom broken 
down if other energy sources 
are available. However, in 
starvation the proteins of 
muscle tissues are mobilized, 
releasing amino aeids that ean 
be eatabolized by other tissues. 



Two-carbon ehains 


MITOGHONDRIA 





Eleetron 

transport 

system 





O 2 must be 
continuously 
provided by 
diffusion from the 
extracellular fluid. 
This requires 
normal respiratory 
function and 
adequate tissue 
perfusion. 


Ý 

eo^ must leave the eytosol by diffusion 
into the extracellular fluid.The 
bloodstream must continuously absorb 
eo^ in peripheral tissues and eliminate 
it at the lungs to prevent potentially 
dangerous ehanges in body fluid pH. 


Modyle 23.2 Revíew 


a. Define nutrient pool. 

b. VVhy do eells engage in eatabolism? 
e. VVhy do eells make newcompounds? 


(S) 23.2 Deseribe the role of the nutrient pool in cellular metabolism. 
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Module23.3 


r 


The eìtrìe aeid eyele transfers 
hydrogen atoms to eoenzymes 

Mitoehondria provide almost all of the energy that snpports eellnlar 
operations. The eell “feeds” its mitoehondria from its nntrient pool, and in 
retnrn, the eell gets the ATP it needs. However, mitoehondria are pieky eaters: 
They will only aeeept speeifie organie moleenles for proeessing and prodneing 
energy. The fnnetion of the eitrie aeid eyele is to remove hydrogen atoms from 
those organie moleenles and transfer them to eoenzymes. 



ehemieal reaetions in the eytosol break down organie 
nntrients from the nntrient pool into smaller 
3-earbon and 2-earbon moleenles that the mitoehondria 
ean proeess. Onee absorbed by mitoehondria, it doesht 
matter whether these fragments eame from a earbohy- 
drate, a lipid, or an amino aeid. Everything is broken 
down throngh the eatabolie pathway. 
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The eommon substrate for mitoehondria is the 
2 -earbon molecule of aeetate, eH^eOO" which 
is attaehed to eoenzyme A to form acetyl-CoA. 
eoenzymes are organie molecules that must bind to 
the aetive site of an enzyme before it ean function. 
Many eoenzymes are derived from vitamins. 
Goenzyme A is derived from vitamin B 5 . 



3-earbon molecule 
(pyruvate) 



NAD-H 




The proeess begins when a 3-earbon 
molecule, pyruvate, enters the 
mitoehondrial matrix and, in a complex 
reaetion, produces a 2 -earbon aeetate 
ion, 1 NAD‘H, and 1 molecule of GO^. 


2 -earbon molecule 
(aeetate) 




Acetyl-CoA 


(Goenzyme A) 



MITOeHONDRION 


4-earbon molecule 



Two other eoenzymes play 
a key role in the eitrie aeid 
eyele by removing hydro- 
gen atoms from organie 
substrates: NAD 
(nieotinamide adenine 
dinaeleotide) and a related 
eoenzyme ealled FAD 
(flavin adenìne dinaeleotìde). 
Eaeh NAD ean earry 1 
hydrogen atom as NAD«H, 
and eaeh FAD ean earry 2 


hydrogen atoms as FAD-H 



eiTRie ACID 
CYCLE 



An aeetyl group, GH^eO, from 
acetyl-CoA is then attaehed to a 
4-earbon molecule in the mitoehon- 
drial matrix.This reaetion releases CoA 
and produces a 6 -earbon molecule of 
eitrie aeid. This is the first step in what 
is known as the eitrie aeid eyele. 


eitrie aeid 

( 6 -earbon molecule) 


The eitrie aeid eyele removes H atoms 
eontaining high-energy eleetrons 
and transfers them to eoenzymes 
forfurther proeessing. During this 
proeess, eitrie aeid will lose 2 earbon 
atoms as earbon dioxide. The 4-earbon 
molecules that result eontain the 2 
earbon atoms of the aeetyl group.The 
last 4-earbon molecule in the eyele is 
ready to reeeive another 2 -earbon 
aeetyl group from acetyl-CoA. 



Matrix 


NAD 



NAD-H 



NAD-H 


5-earbon 

molecule 
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This figure is a more detailed view of the eitrie aeid 
eyele showing the ehanges in the earbon ehain as it 


Pyruvate 


works its way through the eyele. For eaeh acetyl-CoA 
molecule that enters the eitrie aeid eyele, 5 hydrogen 
atoms are removed and transferred to eoenzymes, 

2 moleenles of GO^ are prodneed, and 2 moleenles of 
water are eonsnmed. Note that the net energy gain 
from eaeh aeetyl group entering the eitrie aeid 
eyele is 1 ATP moleenle. 


NAD 




Acetyl-CoA 


(eoenzyme A) 





Malate 



H.O 



Fumarate 


Grista 



Inner mitoehondrial 
membrane 


Eleetron Transport System 



The eoenzymes deliver 
the hydrogen atoms from 
the eitrie aeid eyele to the 
eleetron transport system, 
which is embedded in the 
inner mitoehondrial 
membrane. 




Oxaloacetate 



eitrate 


isoeitrate 


eiTRie 

ACID 

CYCLE 



a-Ketoglutarate 



Succinate 


The only immediate energy benefit of 
one turn of the eitrie aeid eyele is the 
formation of a single molecule of GTP. 
GTP readily transfers a phosphate 
group to ADP, so the net result is 
the production of 1 ATP molecule. 


Modyle 23.3 Revìew 


a. Briefly deseribe the eitrie aeid eyele and 
explain its role. 

b. VVhat moleculeformsthecommon 
substrate for the eitrie aeid eyele? 

e. VVhat two eoenzymes transfer 
hydrogen atoms to the eleetron 
transport system? 


(S) 23.3 Deseribe the basie steps in the eitrie aeid eyele. 
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Module23.4 


The eleetron transport system establìshes 
a proton gradíent used to make ATP 



Oxidative phosphorylation is the generation of ATP within mitoehondria in a reaetion 
sequence that requires eoenzymes and eonsnmes oxygen. Oxidation refers to the 
transfer of eleetrons and phosphorylation refers to the attaehment of a high-energy phosphate 
group. The proeess produces more than 90 pereent of the ATP used by body eells. The key 
reaetions take plaee in the eleetron transport system (ETS), or respiratory ehain, a series of 
integral and peripheral proteins in the inner mitoehondrial membrane. The basis of oxidative 
phosphorylation is the final aeeeptanee of eleetrons by oxygen and the formation of water. 


Oxìdatìve Phosphorylatìon 



eoenzymes deliver hydrogen atoms from the eitrie aeid eyele 
to the ETS, a sequence of protein-pigment molecules ealled 
eytoehromes (Sì-tó-krómz; eyfo-, eell -i- ehroma, eolor) that 
are embedded in the inner mitoehondrial membrane. Eaeh 
hydrogen atom eonsists of a high-energy eleetron (e“) and a 
hydrogen ion (H'^). At the inner mitoehondrial membrane, the 
eoenzymes release the proton into the matrix and give the 
eleetron to the ETS. 





The first eytoehrome passes 

At several steps 

eleetrons to the seeond. 

along the way. 

which passes them to the 

enough energy 

third, and so on down the 

is released to 

ETS.This stepwise passage 

pump hydrogen 

releases the energy earried 

ions into the 

by the eleetrons in manage- 

intermembrane 

able amounts, not all at onee. 

spaee. 


The diffusion of 
hydrogen ions baek 
into the matrix 
through hydrogen ion 
ehannels powers the 
production of ATP by 
the enzyme ATP 
synthase. 



The final eleetron aeeeptor is 
oxygen. After aeeepting 2 
eleetrons, an oxygen ion then 
reaets with 2 hydrogen ions 
in the matrix to form a water 
molecule. 
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The transfer of eleetrons in the ETS and and their relative 
loss of energy is snmmarized in the fignre below. 




2H+ 




0 


NAD-H and FAD-H^ deliver 


Goenzyme Q releases 


Eleetrons are passed through a sequence of 


Oxygen aeeepts the 

hydrogen atoms to the eoen- 


hydrogen ions and 


eytoehromes, losing energy in a series of small 


low-energy eleetrons. 

zymes FMN (flavin mononu- 


passes eleetrons to 


steps. 


and with hydrogen 

eleotide) and CoQ (eoenzyme Q). 

1 

eytoehrome b. 




ions, forms water. 


3 


A more detailed look at the eleetron transport system shows where the reaetions 
oeenr in the mitoehondrion. Notiee the sites where hydrogen ions are pnmped 


into the intermembrane spaee, providing the eoneentration gradient essential for the 
generation of ATP. The red line indieates the path taken by the eleetrons. 


Outer 

membrane 


Intermembrane 

spaee 


Inner 

membrane 




MITOGHONDRIALIV1ATRIX 


Mitoehondrion 


Mitoehondria are very effieient, but aerobie metabolism is dependent on the 
availability of oxygen that must be absorbed first by the eell and then by the 
mitoehondria. If that supply of oxygen is severely restrieted, the eytoehromes 
eannot pass on their eleetrons and the ETS stops working. When the ETS 
stops, NAD and EAD eaht drop off their hydrogen atoms, so the eitrie aeid 
eyele halts as well. If the problem persists, the eell will die beeanse it laeks 
the ATP to snpport vital fnnetions. Poisons like eyanide (used as a pestieide 
to kill rats or miee) bind to eytoehromes and prevent the transfer of eleetrons 
to oxygen. As a result, eells die from energy starvation. 


l\/lodule 23.4 Revìew 


a. Define oxidative phosphorylation. 

b. VVhere are the eytoehromes loeated 
in a mitoehondrion? 

e. Deseribe the role that hydrogen ion 
ehannels play in the generation of ATP. 


(S) 23.4 Deseribe the basie steps in the eleetron transport system. 
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SECTION 1 Revíew 

L 


Matehíng 


Mateh eaeh lettered term with 
the appropriate numbered 
blank in the cellular 
metabolism figure to 
the right. 

a. glucose 

b. eleetron transport system 


Structural, functional, and storage eomponents 


e. O 


2 


d. fatty aeids 

e. proteins 

f. eitrie aeid eyele 

g. ATP 


h.eo 


2 


Ì. H2O 

j. eoenzymes 

k. two-carbon ehains 


Mateh eaeh lettered term with the 
most elosely related deseription. 



Nutrient 

pool 






^ ] 

Triglyeerides 


Glyeogen 



V t 

t 

f 


\ 1 

_ 1 _ 






Amino aeids 




4 


5 


6 



a. eoenzymes 

b. eytoehromes 
e. eitrie aeid 

d. nutrients searee 

e. nutrientpool 

f. anabolism 

g. ATP 

h. water 

i. aeetate 

j. oxygen 

k. eitrie aeid eyele 

l. eatabolism 

m. oxidative phosphorylation 

n. nutrients abundant 


12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 


6 -earbon molecule 

Golleetion of all the eell's organie substances 
Synthesis of new organie molecules 

Proeess that produces over 90 pereent of ATP used by body eells 
ETS proteins 

Carry hydrogen atoms to the ETS 
Final aeeeptor of eleetrons from the ETS 
Breakdown of organie molecules 

Gondition when eells preferentially breakdown earbohydrates 
Product of hydrogen ion diffusion within mitoehondria 
Source of mitoehondrial GO^ production 
ETS byproduct 

Gondition when eells preferentially breakdown lipids 
Gommon substrate for mitoehondrial ATP production 


12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 


Short answer 

Neural tissue requires a eonstant supply of glucose. What general shifts in cellular metabolism occur during 
fasting or starvation to meet that requirement? 
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IVIodule23.5 


SEGTION 2 • Dìgestìon and Metabolìsm of Organie Nutrients 




Digestion involves a series of steps to 
make nutrients available to the body 



The food we eat has an organized physieal strnetnre, and the 
organie eomponnds it eontains are large and often insolnble. 
Dnring digestion the physieal strnetnre is broken down, and a 
eombination of ehemieal and enzymatie 
attaek breaks the complex organie 
eomponnds into simpler eompo- 
nents that ean be absorbed by 
the digestive traet, and then 
distribnted by the bloodstream. 

Cells thronghont the body rely 


on these organie moleenles for 
energy prodnetion and to 
replenish the intraeellnlar 
nntrient pool. 


This seetion will provide an 
overview of the digestion, 
absorption, and fates of earbohy- 
drates, lipids, and proteins. The 
modnles will emphasize general patterns 
that will make it easier for you to under- 
stand the speeifies presented in bioehemistry 
or nntrition eonrses. We will focus attention 
on how nntrients are absorbed, stored or 
intereonverted, or eatabolized to yield the 
energy needed to snpport vital aetivities. We 
will not eonsider the major anabolie pathways 
here beeanse Ghapter 2 disenssed the synthe- 
sis of earbohydrates, lipids, and proteins in 
snffieient detail. 



Steps in the Proeess of Dìgestíon 


In the oral eavity, saliva dissolves sonne organie 
nutrients, and meehanieal proeessing with the 
teeth and tongue disrupts the physieal structure 
of the material and provides aeeess for digestive 
enzymes.Those enzymes begin the digestion of 
complex earbohydrates (polysaeeharides) and 
lipids. 


In the stomaeh, the food is further broken down 
physieally and ehemieally by stomaeh aeid and by 
enzymes that ean operate at an extremely low pH. 


In the duodenum, buffers from the panereas and 
liver moderate the pH of the arriving ehyme.The 
panereas also seeretes various digestive enzymes 
that eatalyze the eatabolism of earbohydrates, 
lipids, proteins, and nucleic aeids. 


Nutrient absorption then occurs in the small 
intestine, primarily in the jejunum, and the 
nutrients enterthe bloodstream. 


Indigestible food and wastes enter the large 
intestine, where water is reabsorbed and baeteria 
generate both organie nutrients and vitamins. 
These organie products are absorbed before the 
residue is excreted as feees. 


Most of the nutrients absorbed by the digestive 
traet are transported in a braneh of the hepatie 
portal vein that ends at the liver.The liver absorbs 
nutrients as needed to maintain normal levels in 
the bloodstream. 


VVithin peripheral tissues, eells absorb the 
nutrients needed to maintain their nutrient pool 
and ongoing operations. 


Modyle 23.5 Revíew 


a. VVhy is digestion important? 

b. VVhere does most nutrient absorption 
occur? 

e. Most of the absorbed nutrients enter 
into which blood vessel? 


(S) 23.5 Outline the steps involved in digestion, and list the nutrients used by the body. 
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Module23.6 

j 


Garbohydrates are usually the preferred 
substrates for eatabolism and ATP 
production under resting eonditions 




Start 




Garbohydrates 
ìngested 



Intestinal enzymes do not alter indigestible 
earbohydrates such as cellulose, so they 
arrive in the eolon virtually intaet.These 
earbohydrates provide a reliable nutrient 
source for baeteria in the eolon, whose 
metabolie aetivities generate small 
quantities of flatus, or intestinal gas. Foods 
eontaining large amounts of indigestible 
earbohydrates (such as beans) stimulate 
baeterial gas production, leading to 
distension of the eolon, eramps, and the 
frequent diseharge of intestinal gases. 


In the mouth, chewing saturates the bolus with seeretions 
from the salivary glands. Salìvary amylase is an enzyme 
that breaks down complex earbohydrates into a mixture 
of disaeeharides and trisaeeharides. 


Salivary amylase continues to digest earbohydrates from 
the meal until the pH throughout the eontents of the 
stomaeh falls below 4.5. This enzyme generally remains 
aetive for 1 -2 hours after a meal. 


When ehyme arrives in the duodenum, seeretin stimulates 
the release of buffers that shift the duodenal pH from 
aeidie to alkaline (all intestinal enzymes require an alkaline 
pH). At the same time, eholeeystokinin (CCK) release 
triggers the seeretion of panereatie buffers and enzymes, 
including panereatìe alpha-amylase.This enzyme has 
the same functions as salivary amylase, which was 
deaetivated by denaturation in the stomaeh. 


The arrival of ehyme eontaining large amounts of 
earbohydrates triggers the release of gastrie inhibitory 
peptide (GIP), which stimulates insulin release by the 
panereas (l\/lodule 22.14, p. 854). 


The epithelial eells lining the jejunum 
finish the digestion of earbohydrates. 
The plasma membrane at the brush 
border eontains the enzymes 
maltase, sucrase, and laetase, which 
breakthe disaeeharides maltose 
(glucose + glucose), sucrose (glucose 
+ fructose), and laetose (glucose + 
galaetose) into simple sugars that 
are then absorbed. As these enzymes 
function, they transport the monosae- 
eharides aeross the plasma membrane 
and release them into the eytosol. 


The simple sugars that are transported 
into the eell at its apieal surface diffuse 
through the eytosol and reaeh the 
interstitial fluid by faeilitated diffusion 
aeross the basolateral surfaces.These 
monosaeeharides then diffuse into 
the eapillaries of the intestinal villi for 
eventual transport to the liver in the 
hepatie portal vein. 
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Simple sugars are absorbed and 
eonverted to glucose as needed. 
Glucose is released into the blood 
sufficient to maintain normal glucose 
levels (~90 mg/dL). 


Excess stored as 
glyeogen or used 
in other ways 


Resting skeletal muscles primarily break down fatty 
aeids for energy, and absorb glucose to build up their 
glyeogen reserves. 



Garbohydrates (such 
as glucose) are usually 
preferred for eatabolism 
because proteins and 
lipids are more important 
as structural eomponents 
of eells and tissues. 


GLUCOSE 

(6-earbon) 


In most tissues, the transport of 
glucose into the eell is dependent 
on the presenee of a earrier 
proteìn stimulated by insulin. 


Insulin 


GYTOSOL 


ATP 


Other simple sugars 


Inside the eell, the glucose may be eonverted to 
another simple sugar, such as ribose, used to build 
glyeoproteins, other structural materials, or nucleic 
aeids. Glucose may also be eonverted to glyeerol for 
the synthesis of glyeerides. 


Pyruvate 


Pyruvate | 

(3-earbon) 


(3-earbon) | 



Goenzymes 


MITOGHONDRIA 




If needed to provide energy, the 6-earbon glucose 
molecule is broken down into two 3-earbon molecules 
of pyruvate.This anaerobie proeess, ealled glyeolysis, 
yields a net gain of 2 ATP for every glucose molecule 
broken down. (See Modole 23.7 for the details 
of glyeolysis.) 


Eaeh pyruvate molecule ean then be used by 
mitoehondria, after eonversion to acetyl-CoA. 


For eaeh molecule of pyruvate proeessed by 
mitoehondria, the eell gains 17 ATP, consumes 
3 molecules of O^, and generates 3 molecules of 
eo^ and 6 molecules of water.Thus for eaeh pair of 
pyruvate molecules eatabolized, the eell gains 34 ATP. 


Modyle 23.6 Revíew 


a. Deseribe the source of intestinal gas. 

b. Explain the role of glyeogen in cellular 
metabolism. 

e. Explain whycarbohydratesare preferred over 
proteins and lipids as an energy source. 


(S) 23.6 Deseribe earbohydrate metabolism. 


Seetion 2:Digestion ondMetabolism ofOrganieNutrients • 893 


















































































Module23.7 


r 


Glyeolysìs is the fìrst step ìn glucose eatabolism 



Glyeolysis is an anaerobie proeess that breaks down a 
6-earbon glneose moleenle into two 3-earbon moleenles of 
pyrnvate throngh a series of enzymatie steps. This diagram follows 
the fate of the earbon ehain. There is a net gain of 2 ATP moleenles 
for eaeh glneose moleenle eonverted to 2 moleenles of pyrnvate. In 
addition, NAD aeeepts hydrogen atoms that ean be transferred to 
mitoehondria for use in the ETS. The further eatabolism of pyruvate 
begins with its entry into a mitoehondrion, as snmmarized in 




Glucose 


INTERSTITIAL 

FLUID 



Steps ìn Glyeolysìs 




í 










As soon as a glucose molecule 
enters the eytosol, a phosphate 
group is attaehed to it. 


A seeond phosphate group is 
attaehed.Together, steps 1 and 2 
eost the eell 2 ATP. 


f The 6-earbon ehain is split 
into two 3-earbon molecules, 
eaeh of which then follows the 
rest of this pathway. 


Another phosphate group is 
attaehed to eaeh molecule, and 
NAD-H is generated from NAD. 


^ Another phosphate group is 
attaehed to eaeh molecule, and 
NAD-H is generated from NAD. 


Another phosphate group is 
attaehed to eaeh molecule, and 
NAD«H is generated from NAD. 


A seeond ATP molecule is formed 
for eaeh molecule proeessed. 
Step 7 produces 2 ATP molecules. 


Glyeeraldehyde 

3-phosphate 


2 



GYTOSOL 


Glucose-6-phosphate 


Fructose-1,6-bisphosphate 


Dihydroxyacetone 

phosphate 


From mitoehondria 
To mitoehondria 



1,3-Bisphosphoglyeerate 


2 ADP 

ATP 


3-Phosphoglyeerate 




Energy Summary 

Steps 1 & 2: -2 < 

Step 5: +2 { 

Step 7: +2 ( 


NETGAIN: +2( 



Phosphoenolpyruvate 





2 ADP 

2(Af^ 

Pyruvate 


To mítoehondria 
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This diagram summarizes the sources of ATP 
produced during the eomplete eatabolism 


of a single glneose moleenle. Two ATP are gained 
throngh glyeolysis, whereas 34 are gained throngh 
aerobie metabolism in mitoehondria. Note that the 
energy yields of NAD*H and FAD^H^ are different; 
this is beeanse they are transferred to different 
eoenzymes in the ETS. 


The NAD«H generated in the 
eytosol yields fewer ATP than the 
NAD-H generated in the eitrie aeid 
eyele because it"costs"the eell ATP 
to get the hydrogen atoms to the 
ETS within the mitoehondria. 


Glucose 

(6-earbon) 


2 ADP 


GLVeOLYSIS 



4 ADP 


ATP 

2 NAD 


NAD-H 


2NAD 


^^2 

Pyruvate 


(3-earbon) 



By intermediates 


2 NAD 


Goenzyme A 


6 NAD 


TRANSPORT 

SYSTEM 


eítríe Aeíd 
Gyele 

(2 turns) 


2 FAD 


12H.0 


2GDP 



ATP 


2ADP 


GYTOSOL 



nad-h 









ELEGTRON 




8 NAD -L 24 


2 FAD +4 


MITOGHONDRIA 




Glyeolysìs (Anaerobìe): 

proclucecl cluring enzymatie 
4 ( ATP ) reaetions in the eytosol 


ATP) usecl to initiate glyeolysis 


AT^ net gain to eell 


The Eleetron Transport System 
and eìtrìe Aeìd Cycìe (Aerobíe): 

ATP^ from NAD-H prodoeed 

in glyeolysis 



ATP) from NAD-H generated 


in eitrie aeid eyele 



ATP 


from FAD-H^ generated 
in eitrie aeid eyele 


AT^ by GTP produced during 

enzymatie reaetions 


AT^ net gain to eell from 

eomplete eatabolism 
of one glucose molecule 



Reasons Why Glucose Is the Primary Energy Source for Gells 


• Glucose is a small, soluble molecule that is easily distributed through body fluids. 

• Glucose ean provide ATP anaerobieally through glyeolysis. Although only a small 
amount of ATP is produced, glyeolysis is important during peak levels of physieal 
aetivity, in red blood eells, or when a tissue is temporarily deprived of oxygen. 

• Glucose ean be stored as glyeogen, which forms eompaet, insoluble granules. 

• Glucose ean be easily mobilized because the breakdown of glyeogen 
(glyeogenolysis) occurs very quickly and involves only a single enzymatie step. 
Mobilization of other intracellular reserves involves much more complex 
pathways and takes eonsiderably more time. 


l\/lodule 23.7 Revìew 


a. Listthe molecular productsfrom a 
glucose molecule after glyeolysis. 

b. Identify when most of the GO^ 
is released during the eomplete 
eatabolism of glucose. 

e. Explain when glyeolysis is important 
in cellular metabolism. 


(S) 23.7 Deseribe the fate of glucose in glyeolysis. 
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Module23.8 

j 


Lìpids reaeh the bloodstream ín ehylomierons; the 
eholesterol is then extracted and released as lipoproteins 


Start 


Lìpìds 

ìngested 



í> 


f 












t/ 


X 


- vV A 



When a mieelle eontaets the intestinal epithelium, 
the lipids diffuse aeross the plasma membrane 
and enterthe eytosol.The intestinal eells synthesize 
new triglyeerides from the monoglyeerides, fatty 
aeids, and glyeerol.These triglyeerides, in eompany 
with absorbed eholesterol, phospholipids, and other 
lipid-soluble materials, are then eoated with 
proteins, ereating complexes known as ehylomi- 
erons (kí-ló-MÌ-kronz; ehylos, milky lymph -i- mìkros, 


small). ehylomierons are lípoproteíns —lipid- 
protein complexes that eontain insoluble lipids. 
The superficial eoating of phospholipids and 
proteins makes the entire complex water soluble. 


The intestinal eells then seerete the ehylomi- 
erons into interstitial fluid by exocytosis.The 
superficial protein eoating of the ehylomierons 
keeps them suspended in the interstitial fluid, 
but their size generally prevents them from 
diffusing into eapillaries. 



Chewing in the mouth breaks material into smaller 
chunks and disrupts eonneetive tissue organization. 

As this is under way, the bolus beeomes saturated with 
saliva eontaining lìngual lípase.This enzyme attaeks 
triglyeerides, breaking them down into monoglyeerides 
and fatty aeids. 


Most dietary lipids are not water soluble.The mixing of 
ehyme in the stomaeh ereates large drops eontaining a 
variety of lipids. Lingual lipase continues to function in 
the aeid environment, but ean only attaek triglyeerides 
at the surfaces of these drops. As a result, only about 
20 % of the triglyeerides have been broken down by the 
time the ehyme leaves the stomaeh. 


When ehyme arrives in the duodenum, CCK is released, 
triggering the seeretion of panereatie enzymes, including 
panereatìe lípase, and also stimulating gallbladder 
eontraetion and the ejeetion of bile into the duodenum. 
Bile eontains bìle salts that break the large lipid drops 
into tiny droplets, a proeess ealled emulsìfìcatìon, 
which provides better aeeess for panereatie lipase. 
Panereatie lipase then breaks apart the triglyeerides 
to form a mixture of fatty aeids, monoglyeerides, and 
glyeerol. As these molecules are released, they interaet 
with bile salts in the lumen to form small lipid-bile salt 
complexes ealled míeelles (mí-SELZ). 


Bile salts are released. Most are 
reabsorbed and returned to the liver 
before they leave the small intestine. 



Mieelle 


Monoglyeerides, 
fatty aeids 


Triglyeerides -i- other 
lipids and proteins 


Most of the ehylomierons 
released diffuse into the 
intestinal laeteals of the 
lymphatie system, which laek 
basement membranes and 
have large gaps between 
adjaeent endothelial eells. 


Exocytosis 




Thoraeie 

duct 


¥ 





From the laeteals, 
the ehylomierons 
proeeed along 
the lymphatie 
vessels and into 
thethoracicduct. 
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The ehylomierons enter 
the bloodstream at the 
left subclavian vein, 


then passthrough 




the pulmonary circuit 
before entering the 
systemie circuit. 



J 


Gapillary walls eontain the 
enzyme lìpoproteìn lìpase, 

which breaks down the 
ehylomierons and releases 
fatty aeids and monogly- 
eerides that ean diffuse into 
the interstitial fluid. 



Resting skeletal muscles absorb fatty 
aeids and breakthem down, using the ATP 
provided both to powerthe eontraetions 

that maintain muscle 
tone and to eonvert 
glucose to glyeogen. 





The liver absorbs ehylomierons and ereates low 
densìty lípoproteìns (LDLs) and very low densíty 
lìpoproteìns (VLDLs).To make LDLs, trielyeerides are 
removed from the ehylomierons, eholesterol is added, 
and the surface proteins are altered. VLDLs eontain 
triglyeerides manufactured by the liver, plus small 
amounts of phospholipids and eholesterol. Some of 
the eholesterol is used by the liver to synthesize bile 
salts; excess eholesterol is excreted in the bile. 



Adipoeytes absorb 
the monoglyeerides 
and fatty aeids, 
and use them to 
synthesize triglyeer- 
ides for storage. 




ehylomierons 




VLDL 




VLDLs transport 
triglyeerides from the 
liver to muscle and 
adipose tissue. 



13 


eholesterol 

extracted 




The LDLs enter the blood- 
stream and are delivered to 
peripheral tissues. 


The HDLs return 
the eholesterol 
to the liver, where 
it is extracted and 
paekaged in new 
LDLsandVLDLs 
or excreted with 
bile salts in bile. 


Excess 

eholesterol is 
excreted with 
the bile salts 



10 



High 
eholesterol 




Onee in peripheral tissues, 
the LDLs are absorbed. 



Low 

eholesterol 





Lysosomal 

breakdown 



12 



The total eholesterol level and the 
LDL:HDL ratio are often used to deteet 
potentially serious cardiovascular 
problems. Elevated total eholesterol 
(above 200 mg/dL) plus a high LDL:HDL 
ratio means that (1) there is a lot of 
eholesterol in the eirenlation and 
(2) most of it is going out to the tissues 
(in LDLs and VLDLs) and staying there, 
rather than retnrning to the liver (in 
HDLs) for reeyeling or excretion. This is 
a potential problem beeanse excess eholesterol in periph- 
eral tissnes tends to accumulate in atheroselerotie plaques 
(Module 19.8) that ean cause heart attaeks and strokes. 


eholesterol 

release 


Used in synthesis 
of membranes, 
hormones, 
other materials 


11 


The eholesterol not used by the eell 
diffuses out of the eell aeross the 
plasma membrane and re-enters the 
bloodstream. High densíty lìpopro- 
teins (HDLs), proteins released by 
the liver, absorb excess eholesterol 
and transport it baek to the liver for 
storage or excretion in the bile. 


The eell extracts the eholesterol 
and uses it in various ways. 


Modyle 23.8 Revìew 


a. What isthedifferenee between a 
mieelle and a ehylomieron? 

b. Whatdoesthe liverdo with the 
ehylomierons it reeeives? 

e. Deseribe the roles of LDLand HDL. 


(S) 23.8 Deseribe the meehanisms of lipid transport and distribution. 
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Module23.9 

j 


Fatty aeids ean be broken down to províde 
energy or eonverted to other lípids 

During lipid eatabolism, or lipolysis, lipids are broken down into 



pieees that ean be either eonverted to pyruvate or ehanneled direetly 
into the eitrie aeid eyele. We will eonsider triglyeeride eatabolism, as the 
prineiples apply to other lipids as welL A triglyeeride is first split into its 
eomponent parts by hydrolysis, yielding 1 moleenle of glyeerol and 3 fatty 
aeid moleenles. Glyeerol is eonverted to pyrnvate. The eatabolism of fatty 
aeids involves a eompletely different set of enzymes that generate aeetyl- 
CoA direetly. This proeess is ealled beta-oxidation. 




Absorption through 
endoeytosis 


GYTOSOL 


Beta-oxidation 




Fatty aeid (18-earbon) 

GH. GH. GH. GH. GH. GH. GH. GH. C 
/\/\/\/\/\/\/\/\/\ 
CH3 CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 oh 


Lysosomal enzymes break 
down triglyeeride molecules 
into 1 glyeerol molecule and 
3 fatty aeids. 


Glyeerol 



The eomplete eatabolism of fatty 
aeids does not occur until they have 
been absorbed by mitoehondria. 




Fatty aeid (18-earbon) 

CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 e 
/\/\/\/\/\/\/\/\/\ 
CH3 CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 oh 


eoenzyme À 

(attaehes to the carboxyl 
group of the fatty aeid) 



In the eytosol, the glyeerol is 
eonverted to pyruvate through 
the glyeolysis pathway, 
yielding 2 ATP for eaeh 
triglyeeride broken down. 


FAD.H 


Fatty aeid (18-earbon) - CoA 

0 

CH2 CH2 CH2 CH2 CH2 CH2 CH2 CH2 

e 

/\/\/\/\/\/\/\/\ 


CH3 CH2 CH2 CH2 CH2 CH2 CH2 CH2 

eHj 


Pyruvate 


eoenzyme A 


(this step requires a 
seeond eoenzyme A) 



NAD-H 


Fatty aeid (16-earbon) - CoA 

0 


0 Aeetyl- 

1 1 tk 

CH2 CH2 CH2 CH2 CH2 CH2 CH2 

e 

- 1 - 

CoA 

/\/\/\/\/\/\/\ 




CH3 CH2 CH2 CH2 CH2 CH2 CH2 

CH2 (to^ 


CH3 



- 1 


eoenzyme A 





An enzymatie reaetion then breaks off the first two earbons as 
acetyl-CoA while leaving a shorter fatty aeid bound to the seeond 
molecule of eoenzyme A. 


Acetyl-CoA 



eoenzymes 



17(^^ 


Eleetron 

transport 

system 



For eaeh step in beta-oxidation, the eell gains 17 ATP, and the proeess 
ean be repeated until the entire fatty aeid has been broken down. Note 
that this is much more effieient than glucose eatabolism:The eomplete 
breakdown of a 6-earbon glucose molecule yields 36 ATP, whereas the 
eomplete breakdown of 6 earbons from a fatty aeid yields 51 ATP. 
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The glyeerol required for triglyeeride production 
is synthesized from one of the intermediate 
products of glyeolysis. 




All of the other structural and functional lipids 
ean be synthesized from fatty aeids. 





Start 




The synthesis of most types of lipids, including 
nonessential fatty aeids and steroids, begins 
with acetyl-CoA. Lipogenesis ean use almost any 
organie substrate, because lipids, amino aeids, 
and earbohydrates ean be eonverted to 
acetyl-CoA. 


eVTOSOL 


Steroids 


Triglyeerides 


Glucose 


eholesterol 


Fatty aeid synthesis involves a reaetion sequence 
quite distinet from that of beta-oxidation. As a 
result, body eells eannot build every fatty aeid 
they ean break down. For example, our eells 
laekthe enzymes to insert double bonds in the 
proper loeations to synthesize two 18-earbon 
fatty aeids synthesized by plants: lìnolenìe aeid 
(an omega-3 fatty aeid) or lìnoleìe aeíd (an 
omega-6 fatty aeid). However, these fatty aeids 
are needed to synthesize prostaglandins and 
some of the phospholipids found in plasma 
membranes throughout the body. They are 
therefore ealled essential fatty aeids, because 
they must be included in your diet. 


Prostaglandins 


Phospholipids 


Glyeolipids 




Glyeerol 



Fatty aeids 


Pyruvate 


ADP 




2 


The synthesis of lipids is known as lipogenesis (lip-ó-JEN-e-sis). 
Beeanse most eatabolie pathways are reversible, the eell ean also 


synthesize most—but not all—lipids on demand. This diagram shows the 
major pathways for lipogenesis. 


KEY 



eatabolie pathway 


Anabolie pathway 


Lipids are useful as an energy reserve primarily beeanse 
beta-oxidation is so effieient, and excess lipids ean be stored 
as triglyeerides. The problem is that triglyeeride reserves form 
insolnble droplets that are diffienlt for water-soluble enzymes 
to aeeess. As a result, stored lipids eannot provide large 
amonnts of ATP very quickly—that s why earbohydrate 
eatabolism is so important. Lipids, however, ean be stored in 
much larger quantities, and they are well suited for meeting 
ehronie energy demands during periods of stress or starvation. 


Modyle 23.9 Revíew 


a. Define beta-oxidation. 

b. Whatmoleculeplaysa key reaetant 
role in both ATP production from fatty 
aeids and lipogenesis? 

e. Identify thefatesoffatty aeids. 


(S) 23.9 Deseribe the fate of fatty aeids in lipid metabolism. 
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Module 23.10 




An amino aeíd not needed for proteìn synthesis may 
be broken down or eonverted to a different amino aeid 




Start 



Proteins 

íngested 


Proteins have very connplex structures, so protein digestion is both connplex and time- 
consuming.The first step, disrupting the tough three-dimensional organization of the 

the mouth as the food is thoroughly ehevved and mixed vvith saliva. 


The epithelial surfaces of the small 
intestine eontain several peptídases— 
enzymes that break peptide bonds— 
notably dìpeptìdases that break 
dipeptides apart and release individual 
amino aeids.These amino aeids, as vvell as 
those released by the aetion of panereatie 
enzymes, are absorbed through both 
faeilitated diffusion and eotransport 
meehanisms. 


After diffusing to the basal surface of 
the eell, the amino aeids are released into 
interstitial fluid by faeilitated diffusion and 
eotransport. Onee in the interstitial fluid, 
the amino aeids enter intestinal eapillaries 
for transport to the liver in the hepatie 
portal vein. 


Additional meehanieal proeessing occurs in the stomaeh 
through churning and mixing. Exposure of the bolus to a 
strongly aeidie environment kills pathogens and breaks dovvn 
eonneetive tissues and plant eell vvalls. Stomaeh aeids also 
denature most proteins and disrupt tertiary and seeondary 
protein structure, exposing peptide bonds to enzymatie 
attaek by the proteolytie enzyme pepsìn. Reeall that ehief 
eells seerete pepsinogen, an inaetive proenzyme, but HCI in 
the stomaeh eonverts pepsinogen to pepsin (Modole 22.11, 
p. 849). Protein digestion is not eompleted in the stomaeh, 
because time is limited and pepsin attaeks only speeifie types 
of peptide bonds. Hovvever, pepsin generally has enough time 
to break dovvn complex proteins into smaller peptide and 
polypeptide ehains before the ehyme enters the duodenum. 


When aeidie ehyme arrives in the duodenum, CCK stimulates 
production and release of panereatie enzymes. These enzymes 
are seereted as inaetive proenzymes that are then aetivated 
vvithin the duodenum. Enteropeptìdase, an enzyme released 
by the duodenal epithelium, begins the proeess, eonverting 
the proenzyme trypsinogen to the proteolytie enzyme 
trypsin.Trypsin then eonverts the other proenzymes to 
yield ehymotrypsìn, carboxypeptìdase, and elastase. Eaeh 
enzyme attaeks peptide bonds linking speeifie amino aeids 
and ignores others.Together, they break dovvn proteins into 
a mixture of dipeptides, tripeptides, and amino aeids. 


Short peptides, 
amino aeids 




Faeilitated diffusion 
and eotransport 
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The liver does not eontrol circulating levels 
of amino aeids as preeisely as it does glucose 
eoneentrations. Blood amino aeid levels normally 
range betvveen 35 and 65 mg/dL, but they may 
beeome elevated after a protein-rieh meal.The 
liver itself uses many amino aeids for synthesizing 
plasma proteins, and it has all of the enzymes 
needed to synthesize, eonvert, or eatabolize 
amino aeids. In addition, amino aeids that ean be 
broken dovvn to 3-earbon molecules ean be used 
for gluconeogenesis vvhen other sources of 
glucose are unavailable. 



Amìno Aeìd Synthesìs 

Liver eells and other body eells ean readily synthesize the earbon framevvorks of 
about half of the amino aeids needed to synthesize proteins.There are 10 essentìal 
amìno aeids that the body either eannot synthesize or that eannot be produced in 
amounts sufficient for grovving ehildren. 


In amínatìon, an 

ammonium ion (NH 4 +) 
is used to form an 
amino group that is 
attaehed to a molecule, 
yielding an amino aeid. 



a-Ketoglutarate 


Glutamic aeid 


In transamìnatìon, the amino group of one amino aeid gets transferred to another 
molecule, yielding a different amino aeid.The remaining earbon ehain ean then be 
broken dovvn or used in other vvays. 

O ^ OH O ^ OH O ^ OH O ^ OH 




Note: Alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST) 
are transaminases that leakfrom 
injured hepatoeytes into the 
circulation. High levels in a blood test 
indieate liver disease or inflammation. 



Glutamicacid Organieaeidl Organicacid2 Tyrosine 



The first step in amino aeid eatabolism is the removal of the amino group, leaving a earbon 
ehain that ean be eonverted to pyruvate, acetyl-CoA, or an intermediary in the eitrie aeid eyele. 


In deamìnatìon, 

the amino group 
is removed and 
an ammonium 
ion is released. 


OH 



o 




e 



OH 


H 



NH 


Deaminase 



CH 


O 




CH 

e 



CH 


en. 


1 ^ -h 

NH4+ 



OH 


O 




e 



OH 


Glutamic aeid 


Organie aeid 


Ammonium 

ion 


Ammonium ions are highly toxic, even 
in lovv eoneentrations. Liver eells, the 
primary sites of deamination, have 
enzymes that use ammonium ions to 
synthesize urea, a relatively harmless 
vvater-soluble compound that is 
excreted in urine.The urea eyele is 
the reaetion sequence responsible for 
the production of urea. 



When broken clown in the mitoehon- 
dria, the energy yield of amino aeids is 
eomparable with that of earbohydrates. 
However, a eell snrviving by amino aeid 
eatabolism is like someone in a winter 
eabin bnrning the walls to stay warm. 

It ean help temporarily, but it isn t a 
permanent solution, and in the long 
run it only makes matters worse. 


Modyle 23.10 Revíew 


a. Deseribe the role of CCK release and its 
effeetson proteins. 

b. Identify the proeesses by vvhieh the 
amino group is removed. 

e. What happens to the ammonium ions 
that are removed from amino aeids 
during deamination? 


23.10 Summarize the main features of protein metabolism 
and the use of proteins as an energy source. 
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Module 23.11 


r 


There are two general patterns of metabolìe 
aetívíty: the absorptíve and postabsorptíve states 

Metabolie aetivity ehanges from moment to moment, but there are broad 
patterns that follow a daily eyele. These eyeles are maintained by many different 
hormones. The degree of response differs from tissue to tissue, but we will 
eonsider a representative eell that shares eharaeteristies with all body eells. 



The absorptive state is the time following a meal, when 
nntrient absorption is under way. After a typieal meal, the 
absorptive state eontinnes for about 4 hours. If you are fortunate 
enough to eat three meals a day, you spend 12 out of every 24 hours 
in the absorptive state. Insnlin is the primary hormone of the 
absorptive state, althongh varions other hormones stimnlate 
amino aeid uptake (growth 


hormone) and protein synthesis 
(growth hormone, andro- 


gens, and estrogens). 


Insulin (binds to 
earrier protein) 


Blood glucose 
levels elevated 


KEY 



= Gatabolie pathvvay 



= Anabolie pathvvay 



= Stinnulation 


LIPIDS 


GARBOHYDRATES 


PROTEINS 


Blood lipid 
levels elevated 


In the absorptíve state 

• lnsulin stimulates 

(1) glucose uptake 
and glyeogenesis, 

(2) amino aeid uptake 
and protein synthesis, 
and (3) triglyeeride 
synthesis. 

• Androgens, estrogens, 
and growth hormone 
also stimulate protein 
synthesis. 

• Glyeolysis and aerobie 
metabolism providethe 
ATP needed to power 
cellular aetivities as well 
as the synthesis of lipids 
and proteins. 


Triglyeerides 



Glyeogen 

1 


Glucose 


Proteins 


lnsulin 


lnsulin 


G 

I 








lnsulin 
Androgens 
Estrogens 
Growth hormone 


Fatty aeids 


Glyeerol 



Amino aeids 




Pyruvate 



Acetyl-CoA 




Goenzymes 


Eleetron 

transport 

system 




Blood amino 
aeids elevated 


lnsulin, 

Growth hormone 


MITOGHONDRIA 
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The postabsorptive state is the time when 


nntrient absorption is not nnder way and 
your body must rely on internal energy reserves to 
eontinne meeting its energy demands. You spend 
about 12 hours eaeh day in the postabsorptive state, 
althongh a person who is skipping meals ean extend 
that time eonsiderably. Metabolie aetivity in the 
postabsorptive state is foensed on the mobilization of 
energy reserves and the maintenanee of normal blood 
glneose levels. These aetivities are eoordinated by 
several hormones, inelnding glneagon, epinephrine, 
glneoeortieoids, and growth hormone. 



In the liver, glucocorticoids 
stimylate the synthesis of glucose 
that is released into the circulation, 
for use primarily by neural tissues. 


Glucose released 
into the bloodstream 
by the liver 


KEY 



= Gatabolie pathvvay 



= Anabolie pathvvay 


= Stinnulation 


LIPIDS 


GARBOHYDRATES 


PROTEINS 


Triglyeerides 


Blood lípíd levels deereased 


Fatty aeids are released by 
adipoeytes during this state. 
These fatty aeids ean be 
absorbed and eatabolized in 
other tissues. 


Fatty aeids released 
into the bloodstream 
by adipoeytes 


Glucagon, 
Epinephrine, 
Glucocorticoids, 
Growth hormone 


Glyeogen 


Proteins 


Glucagon 

Epinephrine 



Glucose 



Fatty aeids 


Glyeerol 


Glucocorticoids stimulate lipid 
eatabolism in all tissues other 
than neural tissue, which ean only 
metabolize glucose. The shift in 
metabolie aetivity elsewhere 
preserves blood glucose for use 
by the nervous system. 




G 

I 


Glucocorticoids, 
Growth hormone 



Amino aeids 


Glucagon 


Pyruvate 





Liver eells break down lipids and amino 
aeids, and as the levels of acetyl-CoA 
inerease, compounds ealled ketone bodìes 
begin to form. Liver eells do not eatabolize 
ketone bodies, which diffuse into the 
general circulation. Cells in peripheral tissues 
absorb them, eonvert them to acetyl-CoA, 
and use them as an energy source. 



Acetyl-CoA 



Blood amíno 
aeíd levels 
deereased 


Glucocorticoids, 
Growth hormone 




eitrie ^ Goenzymes 
aeid 

eyele 



MITOGHONDRIA 



Eleetron 



Amino aeids 
released 
into the 
bloodstream 
by the liver 




Ketone bodies 



In the postabsorptìve state 

• Glucocorticoids stimulate the mobilization of lipid and protein 
reserves; these effeets are enhaneed by growth hormone. 

• Glucagon stimulates glyeogenolysis and gluconeogenesis, primarily 
in the liver.The release of glucose by the liver and the shift away from 
glucose metabolism by other tissues stabilizes blood glucose levels. 

• Epinephrine is important in stimulating glyeogenolysis in skeletal and 
eardiae muscle, and lipolysis in adipoeytes. 


Module 23.11 Revìew 


a. Defìne absorptive state and postabsorptive 
state. 

b. When and howdo ketone bodiesform? 

e. How do the absorptive and postabsorptive 
states maintain normal blood glucose levels? 


23.11 Differentiate between the absorptive and postabsorptive 
metabolie states and summarize the eharaeteristies of eaeh. 
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Module 23.12 




Vìtamìns are essentìal to the functíon 
of many metabolíe pathvvays 


The absorption of nntrients from food is ealled nutrition. 
Vitamins are organie eomponnds required in very small 
quantities but that play an essential role in speeifie metabolie 
pathways. However, many people only think of vitamins as 
something they take with breakfast eaeh morning. Minerals 
are important inorganie nntrients that serve as eleetrolytes 
in body fluids. We discuss their roles in Module 25.3. 



Fat-Soluble Vitamins 



The fat-soluble vitamins are vitamins A, D 3 , 

E, and K. These vitamins are absorbed primarily 
from the digestive traet along with the lipid eontents of 
mieelles. Vegetables are potential sonrees of fat-soluble 
vitamins. However, when exposed to snnlight, your 
skin ean synthesize small amonnts of vitamin D3, and 
intestinal baeteria prodnee some vitamin K. 



2 


This table snmmarizes information eoneerning 

the fat'Solnble vitamins. Beeanse these vitamins are stored 



in lipid deposits throughout the body, your body eontains a signifi- 
eant reserve of these vitamins, and normal metabolie operations ean eontinne for several 
months after dietary sonrees have been cut off. For this reason, symptoms of hypovitaminosis 
(hi-pó-vi-ta-min-O-sis), or vitamin defieieney disease, rarely result from a dietary insnffieieney 
of fat-soluble vitamins (except in the ease of vitamin D 3 , for reasons disenssed in Module 5.11). 
Too much of a vitamin ean also prodnee harmfnl effeets. Hypervitaminosis (hi-per-vi-ta- 
min-O-sis) occurs when dietary intake exceeds the body s abilities to store, ntilize, or excrete a 
partienlar vitamin. This eondition most eommonly involves one of the fat-soluble vitamins. 


The Fat-Soluble Vítamíns 


Vìtamìn 

Sìgnìfìeanee 

Sources 

Reeommended 
Daìly Allowance 
(RDA) ìn mg 

Effeets of Defìeìeney 

Effeets of Excess 

A 

Maintains epithelia; required 
for synthesis of visual 
pigments; supports immune 
system; promotes growth and 
bone remodeling 

Leafy green and 
yellow vegetables 

0.7-0.9 

Retarded growth, night 
blindness, deterioration of 
epithelial membranes 

Liver damage, skin 
paling, CNS effeets 
(nausea, anorexia) 

D 3 

Required for normal bone 
growth, intestinal calcium and 
phosphorus absorption, and 
retention of these ions by the 
kidneys 

Synthesized in skin 
exposed to sunlight 

0.005-0.015* 

Riekets, skeletal deterioration 

Calcium deposits in 
many tissues, disrupting 
functions 

E 

Prevents breakdown of vitamin 

A and fatty aeids 

Meat, milk, 
vegetables 

15 

Anemia, other problems 
suspected 

Nausea, stomaeh 
eramps, blurred vision, 
fatigue 

K 

Essential for liver synthesis 
of prothrombin and other 
elotting faetors 

Vegetables; 
production by 
intestinal baeteria 

0.09-0.12 

Bleeding disorders 

Liver dysfunction, 
jaundice 


*Unless exposure to sunlight is inadequate for extended periods and alternative sources (fortified milk products) are unavailable. 
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Water-Soluble Vìtamins 
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The water-soluble vitamins are the B vitamins 
and vitamin C. Most of them are eomponents 
of eoenzymes. The B vitamins are found in meat, 
eggs, and dairy products, while vitamin C is found in 
citrus fruits. 


4 


This table summarizes information about 
water-soluble vitamins. These water-soluble 
vitamins are rapidly exchanged between the fluid 
eompartments of the digestive traet and the 
circulating blood, and excessive amounts are 
readily excreted in urine. For this reason, 
hypervitaminosis involving water-soluble 
vitamins is unlikely unless you are taking 
megadoses of vitamin supplements. 



The Water-Soluble Vitamìns 


Vìtamìn 

Gomponent or 
Precursor of 

Sources 

Reeommended 
Daìly Allowance 
(RDA) ìn mg 

Effeets of Defìeìeney 

Effeets of Excess 

(thiamine) 

Goenzyme in many 
pathways 

Milk, meat, bread 

1 . 1 - 1.2 

Muscle weakness, CNS and 
cardiovascular problems, including 
heart disease; ealled beriberi 

Flypotension 

B 2 (riboflavin) 

Part of FAD, 
involved in multiple 
pathways, including 
glyeolysis and eitrie 
aeid eyele 

Milk, meat, eggs 
and eheese 

1.1-1.3 

Epithelial and mucosal 
deterioration 

itehing, tingling 

B 3 (niaein) 

Part of NAD, 
involved in multiple 
pathways 

Meat, bread, 
potatoes 

14-16 

CNS, Gl, epithelial, and mucosal 
deterioration; ealled pellagra 

itehing, burning; 
vasodilation; death 
after large dose 

B 5 (pantothenie 
aeid) 

Goenzyme A, in 
multiple pathways 

Milk, meat 

10 

Retarded growth, CNS disturbances 

None reported 

Bg (pyridoxine) 

Goenzyme in amino 
aeid and lipid 
metabolism 

Meat, whole grains, 
vegetables, orange 
juice, eheese and 
milk 

1.3-1.7 

Retarded growth, anemia, 
convulsions, epithelial ehanges 

CNS alterations, 
perhaps fatal 

Bg (folie aeid) 

Goenzyme in amino 
aeid and nucleic 
aeid metabolism 

Leafy vegetables, 
some fruits, liver, 
eereal and bread 

0.2-0.4 

Retarded growth, anemia, 
gastrointestinal disorders, 
developmental abnormalities 

Few noted, except 
at massive doses 

Bt 2 (eobalamin) 

Goenzyme in 

nucleicacid 

metabolism 

Milk, meat 

0.0024 

Impaired RBC production, causing 
pernicious anemia 

Polyeythemia 

B 7 (biotin) 

Goenzyme in many 
pathways 

Eggs, meat, 
vegetables 

0.03 

Fatigue, muscular pain, nausea, 
dermatitis 

None reported 

e (aseorbie aeid) 

Goenzyme in many 
pathways 

Citrus fruits 

75-90; smokers add 

35 mg 

Epithelial and mucosal 
deterioration; ealled scurvy 

Kidney stones 


Only vitamins B12 and C are stored in signifieant quantities, so insufficient 
intake of other water-soluble vitamins ean lead to initial signs and symp- 
toms of vitamin defieieney within a period of days to weeks. The baeteria 
living in your intestines help prevent defieieney diseases by prodneing small 
amonnts of four of the nine water-soluble vitamins (B5, B7, B9, and Bi^)- The 
intestinal epithelinm ean easily absorb all the water-soluble vitamins except 
Bi 2- The Bi 2 moleenle is large, and it must be bound to intrinsie faetor 
synthesized by the gastrie mucosa before absorption ean occur. 


l\/lodule 23.12 Revìew 


a. Define nutrition. 

b. Identify the two elasses ofvitamins. 

e. Ifvitamins do not provide a source of 
energy, what is their role in nutrition? 


23.12 Explain the role of fat-soluble vitamins and 
water-soluble vitamins in metabolie pathways. 
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Module 23.13 


r 


Proper nutrìtìon depends 
on eating a balaneed díet 

A balaneed diet eontains all the ingredients needed to maintain homeostasis, 
inelnding adequate substrates to produce ATP, essential amino aeids and fatty 
aeids, and vitamins. In addition, the diet must include minerals (eleetrolytes) 
and enough water to replaee losses in urine, feees, and evaporation. A balaneed 
diet prevents malnutrition, an nnhealthy state resnlting from inadequate or 
excessive absorption of one or more nntrients. 


Know the Lìmìts on Fats, 

Sugars, and Salt (Sodíum) 

• Get most of your fat from fish, nuts, 
and vegetable oils, which are key 
sources of essential fatty aeids. 

• Limit solid fats like butter, 
shortening, and lard that are high 
in saturated fats and eholesterol. 

• Gheekthe Nutrition Faets label to 
keep saturated fats, trans fats, 
and sodium low. 



How do you know if you're eating a balaneed diet? Follow the npdated food reeommen- 
dations on the Website www.choosemyplate.gov. The United States Department of 
Agriculture ereated this diagram to offer personalized eating plans and food assessments 
based on the enrrent Dietary Gnidelines for Amerieans. The eolor-eoded food group sliees 
indieate the proportions of food we shonld eonsnme from eaeh of the five basie food groups: 
grains, vegetables, fruits, dairy, and proteins. 

In addition, use oils sparingly. 


ehoose food and beverages low 
in added sugars. Added sugars 
contribute to excessive ealorie 
intake. 


Fínd Your Balanee between Food 
and Physíeal Aetívíty 


Stay within your daily ealorie needs. 

Adults should be physieally aetive for at least 
30 minutes most days of the week. 

About 60 minutes a day of physieal aetivity 
may be needed to prevent weight gain. 

To sustain weight loss, at least 60 to 90 
minutes a day of physieal aetivity may be 
required. 

ehildren and teenagers should be physieally 
aetive for 60 minutes most days. 




ehoo^ 



GRAINS 

VEGETABLES 

FRUITS 

0 

1 

DAIRY 

PROTEINS 

Make half your graíns whole 

Vary your veggíes 

Focus on fruits 

L 

S 

Get your calcium-rìch foods 

Go lean wìth proteìns 
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In addition to eonsidering the types of food you eat, think about how 


much energy that food eontains relative to how much energy you use on a 
daily basis. We express the energy eontent of food in ealories. One ealorie is the 
energy needed to raise the temperatnre of 1 g of water by 1°C. We use the term 
kiloealorie (KIL-ó-kal-o-rè) (keal) or Galorie (Cal) when talking about the 
metabolism of the entire body. One Galorie is the amount of energy needed 
to raise the temperatnre of 1 kilogram of water 1°C. The energy yield of the 
eomponents of your diet differ; the values are 4.18 Cal/g for earbohydrates, 

4.32 Cal/g for proteins, and 9.46 Cal/g for lipids. Depending on the level of 
aetivity, the average adult needs between 2000 to 3000 Cal eaeh day to maintain 
a stable weight. That s a lot of mitoehondrial aetivity—1 Cal is ronghly equiva- 
lent to 83 million trillion ATP. 


Food name 


Serving 



Breakfastbar 1 bar 368 

Long-grain riee 1.5 cup 308 

Bread, whole wheat 4slices 277 

Butter O.Stbsp 51 

Beer, regular 12floz 160 

Cola, regular 12floz 140 
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■V Here is additional information abont the varions food gronps. The food gronps in 

themselves are less important than making intelligent ehoiees abont what (and how 
much) you eat. Poor ehoiees ean lead to malnntrition even if all five groups are represented. 


Five Basie Food Groups and Their Effeets on Health 

Nutrìent Group 

Provides 

Health Effeets 

Grains (reeommended: at least half of total 
eaten should be whole graíns) 

earbohydrates; vitamins E, thiamine, niaein, 
folate; calcium; phosphorus; iron; sodium; 
dietary fìber 

Whole grains prevent rapid rise in blood glucose 
levels, and consequent rapid rise in insulin levels 

Vegetables (reeommended: espeeially dark- 
green and orange vegetables) 

Garbohydrates; vitamins A, C, E, folate; dietary 
fìber; potassium 

Reduce riskof cardiovascular disease; proteet 
against eolon eaneer (folate) and prostate eaneer 
(lyeopene in tomatoes) 

Fruits (reeommended: a variety of fruit eaeh 
day) 

Garbohydrates; vitamins A, C, E, folate; dietary 
fìber; potassium 

Reduce riskof cardiovascular disease; proteet 
against eolon eaneer (folate) 

Dairy (reeommended: low-fat or fat-free milk, 
yogurt, and eheese) 

eomplete proteins; fats; earbohydrates; calcium; 
potassium; magnesium; sodium; phosphorus; 
vitamins A, B-| 2 / pantothenie aeid, thiamine, 
riboflavin 

Good source of calcium, which strengthens 
bones. Whole milk: High in ealories, may cause 
weight gain; saturated fats assoeiated with heart 
disease 

Meat and Beans (reeommended: lean meats, 
fìsh, poultry, eggs, dry beans, nuts, legumes) 

eomplete proteins; fats; calcium; potassium; 
phosphorus; iron; zine; vitamins E, thiamine, Be 

Fish and poultry lower risk of heart disease 
and eolon eaneer (eompared to red meat). 
Consumption of up to one egg per day does not 
appear to inerease ineidenee of heart disease; 
nuts and legumes improve blood eholesterol 
ratios, lower risk of heart disease and diabetes 


Some members of the dairy 


4 


prodnets and meat and beans 
groups—for example milk, yogurt, 
beef, fish, poultry, and eggs—provide 
all the essential amino aeids in 
snffieient quantities. They are said to 
eontain eomplete proteins. (Reeall 
that essential amino aeids must eome 
from the diet because they eannot be 
synthesized by the body. Nonessential 
amino aeids are those the body ean 
make on demand.) 



5 


Many plants supply adequate amounts of protein but they are 


ineomplete proteins, which laek one or more of the essential 
amino aeids. Vegetarians, who largely restriet themselves to grains, 
vegetables, and fruits groups (with or without dairy products), 
must beeome adept at varying their 
food ehoiees to inelnde eombina- 
tions of ingredients that meet all 
their amino aeid requirements. 

Even with a proper balanee of 
amino aeids, vegans, who avoid all 
animal prodnets, faee a signifieant 
problem, beeanse vitamin is 
obtained only from animal prod- 
ucts or from fortified foods. 



Modnle 23.13 Revìew 


a. Define balaneed diet. 

b. Of these three—earbohydrates, lipids, 
orproteins—which releasesthe 
greatest annount of energy per gram 
during eatabolism? 

e. Distinguish between a eomplete 
protein and an ineomplete protein. 


23.13 Explain what constitutes a balaneed 
diet and why such a diet is important. 


Seetion 2: Digestion and Metabolism ofOrganie Nutrients • 907 
































Module 23.14 


CLINICAL MODULE 
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Metabolìe dìsorders may result from 
nutrìtìonal or bìoehemìeal problems 

Disorders Related to Díet and Dígestíon 


Eatíng Dìsorders 


Obesìty 


Eatìng dìsorders are psyehologieal problems that result in either 
inadequate or excessive food consumption. There are many different 
forms; a eommon thread in these eonditions is an obsessive eoneern 
about food and body vveight. 



Anorexìa Nervosa 

Anorexìa (an-ó-REK-sè-uh) is the laek or loss of appetite. It may also 
aeeompany disorders that involve other systems. Anorexìa nervosa 
is a form of self-induced starvation that appears to be the result of 
severe psyehologieal problems. It is most eommon in adoleseent 
Caucasian females vvhose vveight is nearly 30 pereent belovv normal 
levels. Although very obviously undervveight, patients are eonvineed 
that they are too fat and refuse to eat normal amounts of food. 

Death rates from severe eases range from 10 to 15 pereent. 

Bulìniìa 

In bylìmìa (bu-LÉI\/l-è-uh) a person goes on an"eating binge"that 
may involve a meal that lasts 1 -2 hours and may include 20,000 or 
more ealories.The meal is follovved by induced vomiting, usually 
along vvith the use of laxatives (to promote the movement of 
material through the digestive traet), and diuretics (drugs that 
cause excessive urination). Bulimia is more eommon than anorexia 
nervosa, and generally affeets adoleseent females.The health risks of 
bulimia result from (1) cumulative damage to the stomaeh, esopha- 
gus, oral eavity, and teeth from repeated exposure to stomaeh aeids; 
(2) eleetrolyte imbalanees resulting from the loss of sodium and 
potassium ions in gastrie juices, diarrhea, and urine; (3) edema; and 
(4) eardiae arrhythmias. 


Obesìty is defined as a eondition of being 20 pereent 
over ideal vveight. It is at this point that serious 
health risks appear, such as diabetes, hyper- 
tension, and hypereholesterolemia. On that 
basis, the U.S. Genters for Disease Gontrol 
and Prevention estimate that more than 
one-third of U.S. adults (35.7 pereent) and 
about 17 pereent of ehildren aged 2-19 are 
obese. Basieally, obese people take in more 
food energy than they are using. 

There are tvvo major eategories 
of obesity: regulatory obesity 
and metabolie obesity. 

Regulatory obesìty, 
the most eommon form, 
results from a failure to 
regulate food intake so that 
appetite, diet, and aetivity are 
in balanee. In metabolìe 
obesìty, the eondition is 
seeondary to some underlying 
bodily malfunction that affeets 
eell and tissue metabolism. 

Cases of metabolie obesity are 
relatively rare. 




í 



Elevated Gholesterol Levels 


Earlier ehapters have noted that elevated eholesterol levels are 
assoeiated vvith the development of atheroselerosis and eoronary 
artery disease (Modole 19.8, p. 69S). Nutritionists currently 
reeommend that you reduce eholesterol intake to under 300 mg per 
day.This amount represents a 40 pereent reduction for the average 
Ameriean adult. In fasting people, triglyeerides are usually present at 
levels of 40-150 mg/dL. A high total eholesterol value linked to a 
high LDL level spells trouble. In effeet, an excessive amount of 
eholesterol is being exported to peripheral tissues. Problems ean 
also exist in people vvith lovv HDL levels (belovv 35 mg/dL). In such 
eases, excess eholesterol delivered to the tissues eannot easily be 
returned to the liver for excretion. In either event, the amount of 
eholesterol in peripheral tissues—and espeeially in arterial vvalls—is 
likely to inerease. 



LDL eholesterol deposited in 
arterial vvalls, deforming the 
lumen of the blood vessel 
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Nutrìtìonal/Metabolíc Dìsorders 


Phenylketonuría 


Ketoaeìdosís 


enough that a vvarning is printed 
on the paekaging of products, such 
as diet drinks, that eontain 
phenylalanine. 


Several inherited metabolie disorders result from an inability to 
produce speeifie enzymes involved in amino aeid metabolism. 
People vvith phenylketonurìa (fen-il-kè-tó-NU-rè-uh), or PKU, for 
example, eannot eonvert phenylalanine to tyrosine.This reaetion is 
an essential step in the synthesis 
of norepinephrine, epinephrine, 
dopamine, and melanin. If PKU is 
not deteeted in infaney, eentral 
nervous system development is 
inhibited, and severe brain damage 
results.The eondition is eommon 



Proteìn Defìeìeney Dìseases 

Regardless of the energy eontent of the diet, if it is defieient in 
essential amino aeids, the person vvill be malnourished to some 
degree. In a proteìn defìeìeney dìsease, protein synthesis deereases 
throughout the body. As protein synthesis in the liver fails to keep 
paee vvith the breakdovvn of plasma proteins, plasma osmolarity falls. 
This reduced osmolarity results in a fluid shift as more vvater moves 
out of the eapillaries and into interstitial spaees, the peritoneal eavity, 
or both. The longer the person remains in this state, the more severe 
the aseites and edema that result. It is estimated that more than 100 
million ehildren vvorldvvide suffer from protein defieieney diseases. 


Kwashìorkor (kvvash-è-OR-kor) occurs in ehildren vvhose protein 
intake is inadequate, even if the ealorie intake is aeeeptable. In eaeh 
ease, additional eompliea- 
tions include damage to 
the developing brain.The 
term is from the Ghana 
language and its literal 
translation means 
"first-seeond", deseribing 
the development of the 
disease in an older ehild 
vvho had been vveaned 
from his mother's breast 
vvhen the younger sibling 
vvas born. Protein 
defieieney diseases are 
rare in the United States. 



When glucose supplies are limited, the breakdovvn of fatty aeids and 
some amino aeids in liver eells elevates acetyl-CoA levels and results 
in the production of small organie aeids ealled ketone bodìes. Most 
of these compounds diffuse out of the liver and accumulate in the 
bloodstream. One of the ketone bodies, aeetone, has a "fruity" aroma 
that ean be smelled in the breath of someone vvho has skipped one 
or more meals.This eondition is ealled ketosìs (ke-TÒ-sis), and over 
time ketone bodies ean lovver the pH of blood. This aeidifieation of 
the blood is ealled ketoaeìdosìs (kè-tó-as-i-DÒ-sis). In severe eases, 
the blood pH may drop belovv 7.05, and this may cause eoma, 
eardiae arrhythmias, and death. A person vvith poorly eontrolled or 
undiagnosed diabetes mellitus is at serious risk of developing 
ketoaeidosis because the liver responds as if the person is starving, 
eatabolizing proteins and lipids and dumping ketone bodies into 
the circulation. 


Gout 


When RNA is reeyeled as part of metabolie turnover, the purines 
(adenine and guanine) eannot be eatabolized. Instead, they are 
deaminated and excreted as uric aeid. Like urea, uric aeid is a 
relatively nontoxic vvaste product, but it is far less soluble than urea. 
Urea and uric aeid are ealled nitrogenous wastes, because they are 
vvaste products that eontain nitrogen atoms. Normal uric aeid 
eoneentrations in plasma average 2.7-7.4 mg/dL, depending on 
gender and age. At eoneentrations over 7.4 mg/dL, body fluids 
beeome saturated vvith uric 
aeid and insoluble uric aeid 
erystals may begin to form. 

The eondition that then 
develops is ealled gout. 

Initially, thejoints ofthe 
limbs, espeeially the 
metatarsal-phalangeal 
joint of the great toe, are 
likely to be affeeted.This 
intensely painful eondi- 
tion, ealled gouty 
arthrìtìs, may persist for 
several days and then 
disappear for a period of 
days to years. 






Acute gouty arthritis of the 


great toe 


Modyle 23.14 Revíew 


a. Identify and briefly define tvvo eating 
disorders. 

b. Briefly deseribe phenylketonuria (PKU). 

e. Define protein defieieney disease, and 
eitean example. 


23.14 Deseribe several metabolie disorders resulting 
from nutritional or bioehemieal problems. 
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SECTION 2 Revíew 

L 


Matehíng 

Mateh eaeh lettered term with the most elosely related deseription. 


a. lipogenesis 

1 

Absorptive state hormone 

1 


b. anorexia 

2 

Glyeogen reserves 

2 


e. lipolysis 

3 

Water-soluble vitamins 

3 


d. A,D,E,K 

4 

Fat eatabolism 

4 


e. absorptive state 

5 

Lipid synthesis 

5 


f. deamination 

6 

Amino aeid eatabolism 

T 


g. ketone bodies 

7 

Fat-soluble vitamins 

7 


h. ealorie 

8 

Lipid transport 

8 


i. uricacid 

9 

Removal of amino group 

9 


j. BcomplexandC 

10 

Lipid breakdown 

10 


k. urea formation 

11 

Gout 

11 


I. lipoproteins 

12 

Unit of energy 

12 


m. insulin 

13 

Period following a meal 

13 


n. skeletal muscle 

14 

Laek or loss of appetite 

14 



Mnltìple ehoíee 


Seleet the eorreet answer from the list provided. 



Intestinal absorption of nutrients occurs in the 


Q a) duodenum. 
Q b) ileocecum. 
Q] e) ileum. 

Q d)jejunum. 



When blood glucose eoneentrations are elevated, the 
glucose molecules are 


Q a) eatabolized for energy. 
Q b) used to build protein. 
Q e) used for tissue repair. 
Q d)allofthese 


Short answer 




Most of the lipids absorbed by the digestive traet are 
immediately transferred to the 

Q a) liver. 

Q b) red blood eells. 

Q e) hepatoeytes for storage. 

Q d) venous circulation by the thoraeie duct. 

Hypervitaminosis involving water-soluble vitamins is 
relatively uncommon because 

Q a) the excess amount is stored in adipose tissue. 

Q b) the excess amount is readily excreted in the urine. 

Q e) the excess amount is stored in the bones. 

Q d) excess amounts are readily absorbed by skeletal muscle tissue. 



What is the differenee between an essential amino aeid and a non- 
essential amino aeid? 




Deseribe four reasons why protein eatabolism is an impraetieal 
source of quick energy. 



What is the primary differenee between the absorptive and 
postabsorptive states? 



Why is the liver the foeal point for metabolie regulation and 
eontrol? 





Seetìon ìntegratìon 

Claudia suffers from anorexia nervosa. One afternoon she is rushed to the emergeney room because of 
eardiae arrhythmias. Her breath smells fruity, and her blood and urine samples eontain high levels of ketone 
bodies. Why does her breath have a fruity smell, and what would be the pH of her blood and urine? 
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Module 23.15 


SECTION 3 • EnergetìesandThermoregulatìoii 



Energeties ìs the study of energy ehanges, 
and thermoregulatìon ínvolves heat balanee 

The amount of energy needed to support ongoing aetivities varies from moment 
to moment. The study of the flow of energy and its ehange(s) from one form to 
another is ealled energeties. A eommon benehmark in energeties studies is the 
basal metabolie rate (BMR), the minimum resting energy expenditure of an 
awake, alert person. 



A direet method of determining 
the BMR involves monitoring 
respiratory aetivity. If we assume that 
average amonnts and proportions of 
earbohydrates, lipids, and proteins 
are being eatabolized, 4.825 Cal are 
expended per liter of oxygen eonsnmed. 



2 


An average person has a 
BMR of 70 Cal per hour, or 


about 1680 Cal per day. The actual 
energy eonsnmption per day may 
be several times that amount, 
depending on a persons size, 
weight, and level of physieal 
aetivity. This graph shows the 
approximate number of Calories 
expended per hour at varions 
levels of physieal exertion. 



QJ 




U 



walking walking stairs swimming 


To maintain energy balanee, food intake must be adequate to support 
the aetivities under way. This seetion begins with a look at the eontrol of 
appetite. All of the reaetions that generate ATP also generate heat; only 
about 40 pereent of the energy released throngh eatabolism ean be used 
to form ATP, and the rest warms the surrounding eytoplasm. When 
aetivity levels inerease, ATP prodnetion aeeelerates, and more heat is 
generated. Enzymes will only fnnetion normally over a relatively narrow 
range of temperatnres, and metabolie pathways are at risk unless heat is 
lost as quickly as it is produced. So this seetion ends with the topie of 
thermoregulation —the homeostatie eontrol of body temperatnre. 


Modole 23.15 Revìew 


a. Define energeties. 

b. VVhat is basal metabolie rate? 
e. Definethermoregulation. 


(S) 23.15 Explain energeties and the role of thermoregulation in maintaining homeostasis. 


911 













































Module 23.16 



The eontrol of appetite is complex and involves 
both short-term and long-term meehanisms 

The feeding eenter (involved with hnnger) and the satiety eenter (involved 
with food satisfaetion) are hypothalamie nnelei involved with eontrolling 
appetite. Mnltiple faetors inflnenee these eenters, and the most important 
satiety faetors are diagrammed here. In addition, soeial faetors, psyehologieal 
pressnres, and dietary habits ean play a role, althongh the meehanisms and 
pathways involved remain to be determined. 


Short-Term Regulatìon of Appetìte 

Stìmulatìon of Satìety Genter 

Elevated blood glucose levels depress 
appetite, and low blood glucose stinnulates 
appetite.The likely nneehanism is glucose 
entry stimulating the neurons of the satiety 
eenter. 

Several hormones of the digestive traet, 
including CCK, suppress appetite during the 
absorptive state. 

Stimulation of streteh reeeptors along the 
digestive traet, espeeially in the stomaeh, 
causes a sense of satiation and suppresses 
appetite. 


Stìmulatìon of Feedìng Genter 

Several neurotransmitters have been linked 
to appetite regulation. Neuropeptìde Y 
(NPY), for example, is a hypothalamie 
neurotransmitter that (among other effeets) 
stimulates the feeding eenter and inereases 
appetite. 

The hormone ghrelìn (GREL-in), seereted 
by the gastrie mucosa, stimulates appetite. 
Ghrelin levels are high when the stomaeh is 
empty, and deeline as the stomaeh fills. 


In general, aetivation of the 
satiety eenter eanses inhibition 
of the feeding eenter, and viee 
versa. In addition, faetors 
that primarily stimnlate one 
eenter often have a seeondary, 
inhibitory effeet on the other. 


Hypothalamus 



Satiety eenter 


Long-Term Regulatìon of Appetíte 







i 


When appetite outpaces energy usage, 
excess ealories are stored as fat in adipose 
tissue. Leptìn is a peptide hormone 
released by adipose tissues as they 
synthesize triglyeerides. In the CNS it 
stimulates the satiety eenter and 
suppresses appetite.The effeets are 
gradual, and it is probably involved in 
long-term regulation of food intake. 


IVIodule 23.16 Revìew 


a. How might a laekof neuropeptideY in 
the hypothalamus affeet the eontrol of 
appetite? 

b. What hormone inhibits the satiety eenter 
and stimulates appetite in the short-term? 


e. Deseribe leptin and its effeet on appetite. 
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(S) 23.16 Deseribe the roles of the satiety eenter and 
the feeding eenter in the regulation of food intake. 



































Module 23.17 



To maìntaìn a eonstant body temperature, 

heat gain and heat loss must be ín balanee 


Only about 40 pereent of energy released by eatabolism ean be captured as ATP, 
and the rest is lost as heat that warms surrounding tissnes. If body temperatnre 
is to remain eonstant, heat prodnetion 
and heat loss must be kept in balanee 
despite wide variations in aetivity 
levels and environmental eonditions. 


Prìmary Meehanìsms of HeatTransfer 



This illustration introdnees 
the primary meehanisms of 
heat transfer between 
the body and the 
surrounding 
environment. 






Radìatìon: Objeets vvarmer than the environment lose heat energy as infrared radiation. 
When you feel the heat from the sun, you are deteeting that radiation. Your body loses 
heat the same vvay, but in proportionately smaller amounts. More than 50 pereent of the 
heat you lose indoors is attributable to radiation; the exact amount varies vvith both body 
temperature and skin temperature. 


Evaporation: When vvater evaporates, it ehanges from a liquid to a vapor. Evaporation 
absorbs energy—roughly 0.58 Cal per gram of vvater evaporated—and eools the surface 
vvhere evaporation occurs. Eaeh hour, 20-25 mL of vvater erosses epithelia and evaporates 
from the alveolar surfaces of the lungs and the surface of the skin.This ìnsensíble 
perspíratìon remains relatively eonstant; at rest, it accounts for about 20 pereent of your 
body's average indoor heat loss.The svveat glands responsible for sensíble perspìratíon 
have a tremendous seope of aetivity, ranging from virtual inaetivity to seeretory rates of 
2-4 liters per hour (Module 5.2, p. 177). 

Gonveetìon: Gonveetion is heat loss to the eooler air that moves aeross the surface of 
your body. As your body loses heat to the air next to your skin, that air vvarms and rises, 
moving avvay from the surface of the skin. Gooler air replaees it, and as this air in turn 


beeomes vvarmed, the pattern repeats. Gonveetion accounts for nearly 15 pereent 
of the body's heat loss indoors. 


;/ 




Conductìon: Conduction is the direet transfer of 
energy through physieal eontaet. Conduction is 
generally not an effeetive vvay for gaining or losing 
heat, and its impaet depends on the temperature of 
the objeet and the amount of skin area it eontaets. 
When you are standing, conductive losses are 
negligible. 


llnderlyíng physieal or 
environmental eondition 

°F 



114 - 

CNS damage 

1 


Heat stroke 


110- 



106 - 

Disease-related fevers 



Severe exercise 


102- 

Aetive ehildren 



Normal range (oral) 

98__ 

Early mornings in 


94-_ 

eold vveather 


90-- 

Severe exposure 



Hypothermia — 


OVJ 

for open heart 


82-- 

surgery 


78-] 



74- 


e 


- 44 

- 42 


- 40 


- 38 

36 

- 34 

- 32 
30 

- 28 
- 26 


- 24 



Thermoregulatory Major physiologieal 

eapabilities effeets 


Severely impaired 

Death 

Proteins denature 

Convulsions 

Impaired 

Cell damage 


Disorientation 

Effeetive 

Systems normal 


Impaired 


Disorientation 
Loss of muscle eontrol 


Severely impaired Loss of consciousness 


Lost 



eardiae arrest 
Death 


2 


The physiologieal effeets of a failure 
to eontrol body temperature are 


indieated in the ehart to the left. 


Modale 23.17 Revíew 


a. Define insensible perspiration. 

b. What heat transfer proeess accounts 
for about one-half of a person's heat 
loss vvhen indoors? 

e. Hovvis heat lossdifferent betvveen 
conduction and eonveetion? 


23.17 Discuss the meehanisms 
involved in heat gain and heat loss. 
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Module 23.18 


When BodyTemperature Ríses 



Thermoregulatory eenters ìn the 
hypothalamus adjust heat loss 
and heat gain 


Heat loss and heat gain involve the 
aetivities of many systems. Those aetivities 
are eoordinated by the heat-loss eenter 
and heat'gain eenter, respeetively, in the 
preoptie area of the hypothalamns. 


Responses to Hìgh Body Temperature 
Goordinated by the Heat-Loss Genter 

Behavíoral Ghanges: A sense of diseonnfort leads 
to behavioral responses—getting into the shade, 
going into the water, or taking other steps that 
reduce body tennperature. 

Vasodílatíon and Shuntìng of Blood to Skín 

Surface:The inhibition of the vasomotor eenter 
causes peripheral vasodilation, and warm blood 
flows to the surface of the body. The skin takes 
on a reddish eolor, skin temperatures rise, and 
radiational and eonveetive losses inerease. 

Sweat Productíon: As blood flow to the skin 
inereases, sweat glands are stimulated to inerease 
sweating.The perspiration flows aeross the body 
surface, and evaporative heat losses aeeelerate. 
l\/laximal seeretion, if eompletely evaporated, 
would remove 2320 Cal per hour. 

Respíratory Heat Loss:The respiratory eenters 
are stimulated, and the depth of respiration 
inereases. Often, the person begins breathing 
through an open mouth rather than through the 
nasal passageways, inereasing evaporative heat 
losses through the lungs. 


Preoptie area 


Heat-loss eenter 


Heat-gain eenter 
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When Body Temperature Falls 


I;'. 


Radiation 


Gonveetion 



Warm 
blood from 
trunk 


Warm blood 
returns 
to trunk 


24°C 



36.5°- 

37°C 


Gooled blood 
to distal 


eapíllaríes 


Cool blood 


returns 
to trunk 



Responses to Low Body Temperature 
eoordinated by the Heat-Gain Genter 


The heat-gain eenter responds to low body temperature in 
two ways: 



inereased Generation of Body Heat 


Nonshivering thermogenesis (ther-mó-JEN-e-sis) 
involves the release of hormones that inerease the 
metabolie aetivity of all tissues. Sympathetie stimulation of 
the adrenal medullae releases epinephrine, which quickly 
inereases the rate of glyeogenolysis in the liver and skeletal 
muscle and the metabolie rate of most tissues.* 


In shivering thermogenesis, a gradual inerease in muscle 
tone inereases the energy consumption of skeletal muscle 
tissue throughout your body. Both agonists and antago- 
nists are involved, and muscle tone gradually inereases 
to the point at which streteh reeeptor stimulation will 
produce brief, oseillatory eontraetions of antagonistie 
muscles. In other words, you begin to shiver. Shivering ean 
elevate body temperature quite effeetively, inereasing the 
rate of heat generation by as much as 400 pereent. 


eonservatíon of Body Heat 


The vasomotor eenter deereases blood flow to the dermis, 
thereby reducing losses by radiation and eonveetion.The 
skin eools, and with blood flow restrieted, it may take on a 
bluish or pale eolor.The epithelial eells are not damaged, 
because they ean tolerate extended periods at tempera- 
tures as low as 25°C (77°F) or as high as 49°C (120°F). 


The deep veins lie alongside the deep arteries, and heat is 
conducted from the warm blood flowing outward to the 
limbs to the eooler blood returning from the periphery. 
This arrangement traps the heat elose to the body eore 
and dramatieally reduces heat loss.Thetransfer of heat, 
water, or solutes between fluids moving in opposite 
direetions is ealled countercurrent exchange.The 
intermittent eyele of eonstrietion and release when 
eapillaries in our hands are exposed to eold temperature 
is ealled the Lewìs Wave or the hanter's response. This is an 
autonomic response to reduce heat loss at the extremities. 


Modyle 23.18 Revìew 


Note: In ehildren, but not usually in adults, the heat-gain eenter ean inerease the rate of 
thyrotropin-releasing hormone (TRH) release by the hypothalamus when body temperature is 
below normal.This stimulates the release ofthyroid-stimulating hormone (TSH) by the 
anterior lobe of the pituitary gland, and as the rate of thyroid hormone release inereases, so 
does the rate of eatabolism throughout the body (Modole 16.7, p. 599). 


a. Prediet the effeet of peripheral vasodilation 
on a person's body temperature. 

b. Deseribe the role of nonshivering 
thermogenesis in regulating body 
temperature. 

e. Name the heat eonservation meehanism 
that conducts heat from deep arteries to 
adjaeent deep veins in the limbs. 


23.18 Discuss the homeostatie meehanisms 
that maintain a eonstant body temperature. 
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SECTION 3 Revíew 
L 


Matehíng 


Mateh eaeh lettered term with the most elosely related deseription. 



e. 

d. 

e. 

f. 

g- 

h. 

I. 







ghrelin 

1 

Sweat gland aetivity; heat loss 

1 

basal metabolie rate 

2 

Adipose tissue hormone 

2 

40 pereent 

3 

Homeostatie eontrol of body temperature 

3 

leptin 

insensible perspiration 
inhibits feeding eenter 
shivering thermogenesis 
peripheral vasoeonstrietion 
thermoregulation 
sensible perspiration 

4 

General role of satiety eenter 

4 

5 

Release of hormones; inereased metabolism 

5 

6 

Pereent of eatabolie energy released as heat 

6 

7 

Stimulation of vasomotor eenter 

7 

8 

Appetite-regulating neurotransmitter 

8 

9 

Resting energy expenditure 

9 

1 1 

neuropeptideY 

10 

Stomaeh hormone 

10 

60 pereent 

11 

Pereent of eatabolie energy captured as ATP 

11 

nonshivering thermogenesis 

12 

Inhibition of vasomotor eenter 

12 

peripheral vasodilation 

13 

Lung and epithelial water loss 

13 


14 

Result of inereased skeletal muscle tone 

14 


Mnltiple ehoiee 


Seleet the eorreet answer from the list provided. 



A person's BMR is influenced by their 

Q a) gender. 

Q b) body weight. 

□ c)age. 

Q d)allofthese 



The proeesses involved in heat transfer between the body 
and the environment are 


Q a) sensible, insensible, heat loss, and heat gain. 

Q b) radiation, conduction, eonveetion, and evaporation. 

Q e) physiologieal responses and behavioral modifieations. 
Q d) sensible, insensible, hormones, and heat eonservation. 



The primary meehanisms for inereasing heat loss from the 
body include 

Q a) vasomotor and respiratory. 

Q b) sensible and insensible. 

Q e) physiologieal responses and behavioral modifieations. 
Q d) aeelimatization and vasomotor. 


Short answer 



How ean a person's energy expenditure at rest be estimated 
by monitoring their oxygen consumption? 



Deseribe the responses generated by the heat-gain eenter. 



Deseribe the heat-gain meehanisms involved in nonshivering 
thermogenesis. 



All of the following are responses to an inerease in body 
temperature, except 

Q a) stimulation of the respiratory eenters. 

Q b) stimulation of sweat glands. 

Q e) peripheral vasoeonstrietion. 

Q d) peripheral vasodilation. 



If daily intake exceeds total energy demands, the excess 
energy is stored primarily as 

Q a) triglyeerides in adipose tissue. 

Q b) lipoproteins in the liver. 

Q e) glyeogen in the liver. 

Q d) glucose in the bloodstream. 



All of the following faetors suppress appetite, except 

Q a) low blood glucose levels. 

Q b) high blood glucose levels. 

Q e) leptin. 

Q d) stimulation of streteh reeeptors along the digestive 

traet. 
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GHAPTER 23 REVIEVV • Metabolísm and Energetks 


Study Outlìne 


SEGTION 1 • lntroductìon to Cellular Metabolìsm 

V___ 



Metabolìsm refers to all the ehemleal reaetlons In the body 

p. 883 

1 . Metabolìsm is all the ehemieal reaetions in the body. 
Cellular metabolìsm is the ehemieal reaetions vvithin eells. 


2 . eatabolìsm is the breakdovvn of organie substances; 
anabolìsm is the synthesis of nevv organie molecules. 

3. In metabolìe turnover, eells continuously break dovvn and 
replaee all their organie eomponents except DNA. 

4. All of the eelTs organie building bloeks form a nutrìent 
pool. 

5. In mitoehondria, the eatabolie reaetions of aerobie 
metabolism release signifieant amounts of energy. Forty 
pereent of this energy is captured and used to eonvert ADP 
to ATP. The remainder is lost as heat that vvarms the eell 
interior and surrounding tissues. 



Cells ean break down any avaìlable substrate from the 
nutrlent pool to obtaln the energy they need p. 884 


6 . The nutrìent pool is the source of substrates for both 
eatabolism and anabolism. 


7. Cellular aetivity requires ATP, so the eell's mitoehondria 
must have a continuous supply of 2-earbon substrate 
molecules. 


8 . The nutrient pool of eaeh eell contributes to the metabolie 
reserves of the body as a vvhole. 

9. If absorption in the digestive traet does not provide 
adequate nutrient levels, liver eells, adipoeytes, and 
skeletal muscles ean mobilize nutrient reserves for use by 
other eells. 


10. Neither the diet nor the nutrient pool provides everything 
needed to build every protein, earbohydrate, and lipid a 
eell might require. Cells ean synthesize vvhat they need 
from available substrates. 



The eìtrìe aeìd eyele transfers hydrogen atoms to 
eoenzymes p. 886 


11. Mitoehondria provide almost all of the energy that 
supports cellular operations in the form of ATP by 
absorbing speeifie organie molecules, removing the 
hydrogen atoms from those molecules, and transferring 
them to eoenzymes. 

12. Organie nutrients from the nutrient pool are broken dovvn 
into smaller 3-earbon and 2-earbon molecules that the 
mitoehondria ean proeess. 

13. The proeess begins vvhen pyruvate enters the 
mitoehondrial matrix, and produces a 2-earbon aeetate 
ion, 1 NAD‘H, and 1 molecule of eo^. 

14. Aeetate attaehes to eoenzyme A to form acetyl-CoA.The 
aeetyl group from the acetyl-CoA attaehes to a 4-earbon 
molecule in the mitoehondrial matrix, and produces a 
6 -earbon molecule of eitrie aeid.This is thefirst step of the 

eitrie aeid eyele. 


15. The eitrie aeid eyele removes H atoms eontaining high- 
energy eleetrons and transfers them to eoenzymes for 
further proeessing. 

16. NADandFAD are eoenzymes that play a key role in the 
eitrie aeid eyele by removing H atoms and delivering them 
to the eleetron transport system. 

17. The energy gain from eaeh aeetyl group entering the eitrie 
aeid eyele is 1 ATP molecule. 


23.4] 


The eleetron transport system establìshes a proton 
gradìent used to make ATP p. 888 


18. Oxidative phosphorylation is the generation of ATP 
vvithin mitoehondria in a reaetion sequence that requires 
eoenzymes and consumes oxygen.This proeess produces 
90 pereent of the ATP used by eells.The key reaetions take 
plaee in the eleetron transport system (ETS). 

19. eoenzymes deliver hydrogen atoms from the eitrie aeid 
eyele to a sequence of molecules ealled eytoehromes. The 
first eytoehrome passes eleetrons to the seeond, vvhieh 
passes them dovvn the ETS. This passage gradually releases 
the energy earried by the eleetrons. 

20. Along the vvay, hydrogen ions are pumped into the 
intermembrane spaee.The diffusion of hydrogen ions 
baek into the matrix povvers the production of ATP by the 
enzyme ATP synthase. 

21. The final eleetron aeeeptor is oxygen. After aeeepting 
2 eleetrons, an oxygen ion then reaets vvith a pair of 
hydrogen ions in the matrix to form a vvater molecule. 

22. Aerobie metabolism is dependent on the availability of 
oxygen. If oxygen is severely restrieted, the eytoehromes 
eannot pass on their eleetrons and the ETS stops 
vvorking. 


SECTION 2 • Dìgestìon and Metabolìsm of Organìe Nutrìents 



Dìgestìon ìnvolves a 
serìes of steps to make 
nutrìents avaìlable to the 
body p. 891 

23. During digestion, 
a eombination 
of ehemieal and 
enzymatie attaek 
breaks the complex 
organie compounds 
of food into simpler 
eomponents that ean 
be absorbed by the 
digestive traet and 
then distributed by the 
bloodstream. 

24. Cells throughout the 
body rely on these 
organie molecules for 
energy production 
and to replenish the 


intracellular nutrient pool. 
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GHAPTER 23 REVIEVV • Metabolísm and Energetíes (continued) 


23.6 J 


Garbohydrates are usually the preferred substrates for 
eatabolìsm and ATP productìon under restìng eondìtìons 

p. 892 


25. Salìvary amylase in saliva is an enzyme that breaks 
down complex earbohydrates into disaeeharides and 
trisaeeharides. It remains aetive until pH falls below4.5 in 
the stomaeh. 


26. In the duodenum, buffers shift pH to alkaline. Panereatìe 
alpha-amylase now functions as salivary amylase did. 
ehyme with earbohydrates causes the release of gastrie 
inhibitory peptide (GIP), which causes the release of 
insulin. 


27. Epithelial eells of the jejunum fìnish the digestion of 
earbohydrates.The plasma membrane of the brush border 
eontains the enzymes maltase, sucrase, and laetase, 
which break down the disaeeharides into simple sugars 
that are absorbed. 

28. Indigestible earbohydrates such as cellulose provide a 
nutrient source for baeteria in the eolon.These baeteria 
produce intestinal gas, or f1atus. 

29. Simple sugars are absorbed in the liver and eonverted to 
glucose. Excess glucose is stored as glyeogen in the liver 
and skeletal muscles. 

30. Glucose is transported into eells by a earríer proteín 
stimulated by insulin. Inside the eell, glucose is used to 
build structural materials or nucleic aeids. If energy is 
needed, it is broken down into two molecules of pyruvate 
in an anaerobie proeess ealled glyeolysis. 

31. Glyeolysis yields 2 ATP for every glucose molecule broken 
down. Eaeh pyruvate molecule ean be used by the 
mitoehondria after eonversion to acetyl-CoA. 

32. For eaeh molecule of pyruvate proeessed by mitoehondria, 
the eell gains 17 ATP, consumes 3 molecules of O 2 , and 
generates 3 molecules of GO^ and 6 molecules of water. 
Thus for eaeh pair of pyruvate molecules eatabolized, the 
eell gains 34 ATP. 



Glyeolysìs ìs the fìrst step ìn glucose eatabolìsm 


p. 894 


33. Glyeolysìs is an anaerobie proeess that breaks down a 
6 -earbon glucose molecule into two 3-earbon molecules of 
pyruvate through a series of enzymatie steps. 

34. There is a net gain of 2 ATP molecules for eaeh glucose 
molecule eonverted to 2 molecules of pyruvate. In 
addition, NAD aeeepts hydrogen atoms that ean be 
transferred to mitoehondria for use in the ETS. 


35. A single glucose molecule yields 2 ATP through 

glyeolysis, and 34 ATP through aerobie metabolism in the 
mitoehondria. 


23.8 


W 


Lìpìds reaeh the bloodstream ìn ehylomìerons; the 
eholesterol ìs then extracted and released as lìpoproteìns 

p. 896 


36. Lìngual lìpase in the saliva breaks down triglyeerides into 
monoglyeerides and fatty aeids. Large drops eontaining a 
variety of lipids form in the stomaeh. 

37. Bìle salts in bile breakthe large drops into tiny droplets in a 
proeess ealled emulsífìcatíon.This allows panereatìe lípase 
better aeeess to break apart the triglyeerides to a mixture of 
fatty aeids, monoglyeerides, and glyeerol.These molecules 
form small lipid-bile salt complexes ealled mìeelles. 

38. The lipids within the mieelle diffuse aeross the intestinal 
epithelium.The intestinal eells synthesize triglyeerides 


and other lipids that are eoated with proteins in a complex 
known as ehylomíerons, which are lìpoproteins. 

39. Most of the ehylomierons diffuse into the intestinal 
laeteals, and proeeed along the lymphatie vessels, the 
thoraeie duct, the left subclavian vein, the pulmonary 
circuit, and then into the systemie circuit. 

40. The liver absorbs ehylomierons and ereates low densìty 
lìpoproteìns (LDLs) and very low densìty lìpoproteíns 
(VLDLs). VLDLs transport triglyeerides from the liver 

to muscle and adipose tissue.The LDLs enter the 
bloodstream and are delivered to peripheral tissues. 

41. The eholesterol not used by the eell re-enters the 
bloodstream. High density lipoproteins (HDLs) absorb 
excess eholesterol and transport it baek to the liver for 
storage or excretion in the bile. 


23.9 


W 


Fatty aeìds ean be broken down to provìde energy or 
eonverted to other lìpìds p. 898 


42. During lipid eatabolism, 
or lipolysis, lipids are 
broken down into 
pieees that ean be 
either eonverted to 
pyruvate or ehanneled 
direetly into the eitrie 
aeid eyele in a proeess 
ealled beta-oxidation. 

43. The synthesis of lipids, 
known as lipogenesis, 
begins with acetyl-CoA, 



The príneiples oftríglyeeríde 
eatabolism apply to otherlipids as welL 


and results in fatty aeids that ean be used to synthesize 
other structural and functional lipids. 


23.10 

J 


An amìno aeìd not needed for proteìn synthesìs may be 
broken down or eonverted to a dífferent amìno aeìd p. 900 


44. Protein digestion begins when food is chewed and mixed 
with saliva, and continues through the churning and 
mixing in the stomaeh. Stomaeh aeids also denature most 
proteins, exposing them to enzymatie attaek by pepsin. 

45. A variety of enzymes attaek speeifie peptide bonds 
to break down proteins into a mixture of dipeptides, 
tripeptides, and amino aeids. 

46. The epithelial surfaces of the small intestine eontain 
peptidases that break dipeptides apart and release 
individual amino aeids, which are absorbed into the 
eell. Amino aeids are then released into interstitial fluid, 
intestinal eapillaries, hepatie portal vein, and then the liver. 

47. The liver uses amino aeids for synthesizing plasma 
proteins, and it has all of the enzymes needed to 
synthesize, eonvert, or eatabolize amino aeids. 
Deamìnatíon releases toxic ammonium ions, which liver 
eells use to synthesize relatively harmless urea that is 
excreted in urine. 


23.11 


W 


There are two general patterns of metabolìe aetìvìty: the 
absorptìve and postabsorptìve states p. 902 


48. The absorptìve state is the time following a meal, when 
nutrient absorption is under way. After a typieal meal, the 
absorptive state continues for about 4 hours. 

49. In the absorptive state, insulin stimulates glucose uptake 
and glyeogenesis, protein synthesis is stimulated, and 
glyeolysis and aerobie metabolism provide the ATP needed 
for cellular aetivities. 
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50. The postabsorptìve state is when nutrient absorption is 
not under way and your body nnust rely on internal energy 
reserves to continue meeting its energy demands. 

51. In the postabsorptive state, lipid and protein reserves 
are mobilized, blood glucose levels are stabilized by 
the release of glucose by the liver, skeletal and eardiae 
muscle stimulate glyeogenolysis, and adipoeytes stimulate 
lipolysis. 


23.12 


Vìtamìns are essentìal to the functìon of many metabolìe 
pathways p. 904 


52. Nutrìtìon is the absorption of nutrients from food. 

53. Vìtamìns are organie compounds required in very small 
quantities that play an essential role in speeifie metabolie 
pathways.The fat-soluble vìtamìns are vitamins A, D^, E, 
and K.They are absorbed from the digestive traet along 
with the lipid eontents of mieelles. Vegetables are potential 
sources of fat-soluble vitamins. 


54. The water-soluble vìtamìns are the B vitamins and 
vitamin C.The B vitamins are found in meat, eggs, and 
dairy products; vitamin C is found in citrus fruits. 


23.13 


Proper nutrltlon depends on eatlng a balaneed dlet 


p. 906 


55. A balaneed diet eontains everything needed to maintain 
homeostasis, including adequate substrates to produce 
ATP, essential amino aeids and fatty aeids, vitamins, 
eleetrolytes, and water. A balaneed diet helps prevent 

malnutrìtìon. 


56. In addition to eonsidering the types of food we eat, we 
should eonsider the energy that food eontains.The energy 
eontent of food is expressed in ealorìes. 

57. One ealorie is the energy needed to raise the temperature 
of 1 g of water by 1 °C. We use the term kíloealorìe (keal) 
or ealorìe (Cal) when talking about the metabolism of the 
entire body. One Calorie is the amount of energy needed 
to raise the temperature of 1 kilogram of water 1 °C. 

58. The energy yield is differentfor eomponents ofthediet. 
The values are 4.18 Cal/g for earbohydrates, 4.32 Cal/g for 
proteins, and 9.46 Cal/g for lipids. Depending on aetivity 
Ìevel, the average adult needs between 2000 and 3000 Cal 
eaeh day. 

59. The five basie food groups are grains, vegetables, fruits, 
dairy, and meat and beans. 

60. Some members of the dairy and meat and beans groups 
provide all the essential amino aeids and are said to 

be eomplete proteins. Many plants supply adequate 
amounts of protein, but they are ìneomplete proteíns 
because they laek one or more of the essentiai amino 
aeids. 


23.14 


Metabolìe dìsorders may result from nutrìtìonal or 
bìoehemìeal problems p. 908 


61. Eatíng dísorders are psyehologieal problems that result in 
either inadequate or excessive food consumption.These 
include self-induced starvation ealled anorexìa nervosa, 
or binge eating and purging, ealled bulìmia. 

62. Obesity is defined as being 20 pereent over ideal 
weight. Elevated eholesterol levels are assoeiated with 
atheroselerosis and eoronary artery disease. 

63. Phenylketonuria isan inherited inabilityto producethe 
enzymes involved in amino aeid metabolism and ean result 
in brain damage if not deteeted in infaney. 


64. Kwashiorkor is a protein defìeieney disease in ehildren 
whose protein intake is inadequate. 

65. When glucose is limited, the breakdown of fatty aeids 
and some amino aeids result in the production of ketone 
bodies. Ketosis is an accumulation of ketone bodies in 
the bloodstream; it ean often be deteeted on the breath 
because it has a fruity aroma.This eondition ean lower 
blood pH in a eondition ealled ketoaeidosis.This ean 
occur in poorly eontrolled or undiagnosed diabetes 
mellitus, and in eases of starvation. 

66 . An accumulation of the nitrogenous waste, uric aeid, ean 
cause the formation of uric aeid erystals.This eondition is 
ealled gout, and ean lead to gouty arthritis in the joints of 
the limbs. 


SEGTION 3 • Energetìes and Thermoregulatìon 


23.15 


Energetìes ìs the study of energy ehanges, and 
thermoregulatìon ìnvolves heat balanee p. 911 


67. The study of the flow of energy and its ehange(s) from 
one form to another is ealled energeties. A eommon 
benehmark in energeties studies is the basal metabolie 
rate (BMR), the minimum resting energy expenditure of 
an awake, alert person. 



68 . BMR may be determined by measuring respiratory aetivity 
and assuming that 4.825 Calories are expended per liter of 
oxygen consumed. An average person has a BMR of 70 Cal 
per hour, or about 1680 Cal per day. 

69. All of the reaetions that generate ATP also generate heat; 
only about 40 pereent of the energy released through 
eatabolism ean be used to form ATP, and the rest warms 
the surrounding eytoplasm. 

70. The homeostatie eontrol of body temperature is 

thermoregulation. 


23.16 

J 


The eontrol of appetlte Is complex and Involves both 
short-term and long-term meehanlsms p. 912 


71. The feeding eenter (involved with hunger) and the satiety 
eenter (involved with food satisfaetion) are hypothalamie 
nuclei involved with the eontrol of appetite. 

72. Elevated blood glucose levels depress appetite, and low 
blood glucose stimulates appetite. Hormones of the 
digestive traet and stimulation of streteh reeeptors in the 
digestive traet also suppress appetite. 

73. The feeding eenter is stimulated by neuropeptide Y (NPY) 
and ghrelin. 

74. Excess ealories are stored as fat in adipoeytes. Leptin, a 
hormone released by adipose tissues as they synthesize 
triglyeerides, suppresses appetite. 
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GHAPTER 23 REVIEVV • Metabolísm and Energetíes (continued) 


23.17 

J 


To maìntaìn a eonstant body temperatore, heat gaìn and 
heat loss must be ìn balanee p. 913 


23.18 

J 


Thermoregulatory eenters ìn the hypothalamus adjust 
heat loss and heat gaìn p. 914 


75. If body temperature is to remain eonstant, heat production 
and heat loss 
must be kept in 
balanee despite 
wide variations in 
aetivity levels and 
environmental 
eonditions. 

76. The primary 
meehanisms for heat 
transfer are radìatìon, 
evaporatìon, eonveetìon, and conduction. 


77. Heat loss and heat gain are regulated by the heat-loss 
eenter and the heat-gaín eenter, respeetively, in the 
preoptie area of the hypothalamus. 

78. Responses to high body temperature are eoordinated by 
the heat-loss eenter.These responses include behavìoral 
ehange, vasodilation and shunting of blood to the skin 
surface, sweat production, and respiratory heat loss. 

79. Responses to low body temperature are eoordinated 
by the heat-gain eenter.These responses include 

nonshivering thermogenesis, shivering thermogenesis, 
and the eonservation of body heat using the 
countercurrent exchange meehanism as blood flow 
deereases to the surface. 



ehapter Revíevv Questíons 


True/False 




indieate whether eaeh statement is true or false. 

The ehemieal reaetions within eells are eolleetively known as cellular anabolism. 

The breakdown of glucose into two 3-earbon molecules is ealled glyeolysis. 

The energy yield for earbohydrates is 4.18 Cal/g. 

Kwashiorkor occurs in adults when uric aeid erystals form in body fluids, 
causing a speeifie type of arthritis. 

Leptin is a hormone seereted by the gastrie mucosa that stimulates appetite. 
The average person has a BMR of 70 Cal/hour, or about 1680 Cal/day. 






1 

■ 

2 

■ 

3 

■ 

4 

I 

5 

■ 

6 


IVIultiple ehoiee 


Seleet the eorreet answer from the list provided. 



eatabolism refers to 

Q a) the ereation of a nutrient pool. 

Q b) the sum total of all ehemieal reaetions in the body. 
Q e) the production of organie compounds. 

Q d) the breakdown of organie substrates. 



The breakdown of glucose to pyruvate is 

Q a) anaerobie. 

Q b) aerobie. 

Q e) lipogenie. 

Q d) anabolie. 



The proeess that produces 90 pereent of the ATP used by our eells is 

Q a) glyeolysis. 

Q b) the eitrie aeid eyele. 

Q e) oxidative phosphorylation. 

Q d) thermoregulation. 



Glucose synthesis from smaller earbon ehains is known as 

Q a) glyeolysis. 

Q b) gluconeogenesis. 

Q e) glyeogenesis. 

Q d) glyeogenolysis. 



The net result of one turn of the eitrie aeid eyele is 

Q a) 1 ATP. 

Q b)2ATP. 

Q e) 17 ATP. 

Q d)34ATP. 



VVhieh of the following is a protein defieieney disease? 

Q a) phenylketonuria 
Q b) kwashiorkor 
Q e) ketoaeidosis 
Q d) gouty arthritis 



The enzyme that breaks down complex earbohydrates into a 
mixture of disaeeharides and trisaeeharides in the mouth is 

Q a) pepsin. 

Q b) lingual lipase. 

Q e) sucrase. 

Q d) salivary amylase. 



VVhieh of the following is a water-soluble vitamin? 

Q a)vitaminA 
Q b) vitamin C 
Q e) vitamin 
Q d) vitamin K 
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The hormone released by adipose tissues as they synthesize 
triglyeerides is 

Q a) leptin. 

Q b) ghrelin. 

Q e) neuropeptide Y. 

Q d) insulin. 



More than 50 pereent of the heat you lose indoors is attributable 
to 


Q a) radiation. 

Q b) sensible perspiration. 
Q e) eonveetion. 

Q d) conduction. 


Short answer 



Explain how eatabolism and anabolism are"linked"by ATP. 



VVhat level of total eholesterol is eonsidered elevated, and what are 
the health risks of elevated eholesterol? 



VVhat are the risks of too much vitamin intake, and which vitamins 
are most eommonly involved? 



Distinguish between a ealorie, a kiloealorie, and a Galorie. 


MasteringA&P® 

Aeeess more ehapter study tools online in the MasteringA&P Study Area: 

■ ehapter Quízzes, Ghapter PraetieeTest, Art-labeling Aetivities, 
Anímatíons, MP3Tutor Sessions, and Glínieal Case Studies 


■ Praetiee Anatomy Lab 


■ interaetive Physiology 


■ A&P Flix 


■ PhysioEx 





PhusioEx 


\ 



ehapter Integratíon • Applyíng what you have learned 


Fìndìng balanee ín foods 

Diet has a profound influence on a persons general health. Too many or too 
few nntrients, hypervitaminosis (too many vitamins) or hypovitaminosis (too 
few vitamins), and above-normal or belo^-normal eoneentrations of minerals 
(inorganie nntrients) ean adversely affeet health. Subtle, long-term problems 
ean occur when the diet inelndes the wrong proportions or eombinations of 
nntrients. The average diet in the United States eontains too much sodium and 
too many ealories in general, and lipids (partienlarly satnrated fats) provide 
too great a proportion of those ealories. Poor diets inerease the ineidenee of 
obesity, heart disease, atheroselerosis, hypertension, and diabetes in the U.S. 
popnlation. 

Mrs. Henderson, who has a family history of eardiovasenlar disease, is 
eoneerned about her health. A eomprehensive blood test reveals elevated 
levels of LDL (so-ealled “bad eholesteror) and deereased levels of HDL 
(so-ealled “good eholesterol”), normal glneose, and adequate vitamin levels 
except vitamin The physieian orders a eonsnltation with the registered 
dietieian, who diseovers that Mrs. Hendersons semi-vegetarian diet is high in 
earbohydrates and fats. 


1 

■ 

2 

■ 

3 

■ 

4 

■ 

5 


Why are vitamins and minerals essentíal eomponents of the diet? 

Explain the labelíng of HDL as"good cholesterol"and LDLas"bad eholesterol." 
Why are HDLs eonsidered benefìeial? 

What proeess in the liver ínereases after a high-earbohydrate meal? 

What is the signifieanee of a pyridoxine (vitamin B^) defieieney? 
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LEARNING OUTCOMES 


These Learning 
Onteomes 
eorrespond 
bynnmberto 
this ehapter's 
modnles and 
indieate what 
you should be 
able to do after 
eompleting 
the ehapter. 

V J 


(S) 

Learning Onteomes 
arerepeated atthe 
bottomofeaeh 
module. 


SEGTION 1 • AnatomyoftheUrìnary System 



24.4 


24.5 


r 


Identify the organs of the urinary system, and eite a primary function of eaeh. 

Deseribe the loeation and structural features of the kidneys. 

Deseribe the gross structural features of the kidney, and distinguish betvveen eortieal and 
juxtamedullary nephrons. 

Deseribe the segments of the nephron and eolleeting system, including their general 
functions and histologieal appearanee. 

Traee the pathvvay of blood flovv through a kidney, and eompare the pattern of blood 
flovv in eortieal and juxtamedullary nephrons. 


SECTION2 • Overvìew of Renal Physìology 


24.6 


24.7 


24.8 


24.9 


24.10 


24.11 


24.12 


24.13 


24.14 


Briefly deseribe hovv the kidneys maintain homeostasis and produce urine. 

Deseribe filtration, reabsorption, and seeretion along eaeh segment of the nephron 
and eolleeting system. 

Deseribe the structural features of a renal corpuscle, and explain the functions of the 
filtration membrane eomponents. 

Deseribe the faetors that influence filtration pressure and the glomerular filtration rate. 

Identify the types of transport meehanisms along the proximal and distal convoluted 
tubules of the nephron. 

Explain the role of countercurrent multiplication in the formation of a eoneentration 
gradient in the renal medulla. 

Deseribe hovv antidiuretic hormone influences the volume and eoneentration of 
urine. 

Summarize the major steps involved in vvater reabsorption and urine production. 

CUNICALMODULE Gompare and eontrast ehronie and acute renal failure, and 
explain the proeess of hemodialysis. 



SECTION3 • Urìne Storage and Elìmìnatìon 


24.15 


24.16 


24.17 


24.18 


Name the organs responsible for the transport, storage, and 
elimination of urine. 

Deseribe the structures and functions of the ureters, urinary 
bladder, and urethra. 

Discuss the roles of loeal and eentral pathvvays in urination, and 
deseribe the micturition reflex. 

CLINICALI\/IODULE Deseribe eommon urinary disorders 
related to output and frequency. 
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Module24.1 




SEGTION 1 • Anatomy of the Llrinary System 


The orinary system organs are the kidneys 
ureters, urinary bladder, and urethra 


In this seetion we eonsider the fnnetional anatomy of the eomponents 
of the nrinary system. Later seetions eonsider how the kidneys 
remove metabolie wastes from the bloodstream to prodnee 
nrine, how the proeess is regnlated, and how nrine is 
eliminated throngh the passageways of the urinary 
traet (the nreters, nrinary bladder, and nrethra). 


The arinary system eliminates excess 
water, salts, and physiologieal wastes 
throngh the prodnetion of nrine. 



The kìdneys are metabolieally very aetive. At 
rest they reeeive about 25 pereent of the eardiae 
output. The two kidneys perform the excretory 
functions of the urinary system.They produce 
urìne, a fluid eontaining water, ions, and small 
soluble substances. 


The ureters reeeive the urine from the kidneys and 
conduct it to the urinary bladder. Llrine movement 
involves a eombination of gravity and the peristal- 
tie eontraetions of smooth muscle in the walls of 
the ureters. 


The urìnary bladder reeeives and stores urine 
prior to its elimination from the body. Drine 
elimination, or urìnatìon, is driven by the 
eontraetion of smooth muscle layers in the 
walls of the urinary bladder. 


The urethra is a passageway that conducts urine 
from the urinary bladder to the exterior. 



Adrenal gland 


Aorta 


Inferior 
vena eava 


The urinary system removes wastes generated by eells throughout 
the body, but it has several other essential homeostatie 
fnnetions. These fnnetions are snmmarized in the following table. 



Functions of the lirinary System 


• Adjusting blood volume and blood pressure 

• Regulating blood plasma eoneentrations of sodium, potassium, ehloride, and 
other ions 

• Stabilizing blood pH 

• Gonserving valuable nutrients by preventing their loss in urine 

• Removing drugs and toxins from the bloodstream 


l\/lodule24.1 Revìew 


a. VVhieh organ performs the excretory 
functions of the urinary system? 

b. The urinarytraet is eomposed ofwhich 
structures? 

e. Deseribe the functions of the urinary 
system. 


(S) 24.1 Identify the organs of the urinary system, and eite a primary function of eaeh. 


923 
























Module24.2 


r 


The kìdneys are paired retroperitoneal organs 

In this modnle you will learn the loeation of the kidneys and their plaeement 
in relation to the axial skeleton and the organs of the abdominopelvie eavity. 

You will also see how the kidneys are snpported, proteeted, and stabilized in 
position. 



The kidneys, nreters, nrinary bladder, and the assoeiated 
blood vessels are shown in this anterior view. Beeanse 
the kidneys are in a retroperitoneal position, they are elearly 
visible in an anterior view only after other abdominal 
organs have been removed. To help you remember 
the organs positioned retroperitoneally, 
use the mnemonie SAD PUCKER for 
Snprarenal (adrenal) glands, Aorta 
and inferior vena eava, Duodenum, 

Panereas, Ureters, Golon, Kidneys, 

Esophagns, Rectum. 


A typieal adult kìdney is reddish- 
brown and about 10 em (4 in.) long, 
5.5 em (2.2 in.) wide, and 3 em (1.2 in.) 
thiek. Eaeh kidney weighs about 150 g 
(5.25 oz). 


The hìlum, a prominent medial 
indentation, is the point of entry for 
the renal artery and renal nerves, and 
the point of exit for the renal vein 
and the ureter. 


The ureters pass inferiorly and eross 
the anterior surfaces of the external 
iliae artery and vein before emptying 
into the posterior, inferior surface of 
the urinary bladder. 


This is the cut edge of the posterior 
peritoneum, which has been removed 
The kidneys, adrenal glands, and 
ureters lie between the muscles of the 
posterior body wall and the parietal 
peritoneum, in a retroperìtoneal 
position. 
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In this posterior view, you ean see 
that the kidneys are loeated on either 


side of the vertebral column, between 
vertebrae T 12 and L 3 . In this position 
the kidneys are proteeted by the viseeral 
organs (anteriorly), the musculature of 
the body wall, and the llth and 12 th ribs 
(posteriorly and laterally). The left kidney 
lies slightly snperior to the right kidney. 


Drinary bladder 

Drethra 



11 th and 12th ribs 


Lumbar vertebrae 


Anteriorly, the renal 
faseia forms a thiek 
layerthat fuses with 
the peritoneum. 


3 


The position of the kidneys in the abdominal 
eavity is maintained by ( 1 ) the overlying 


peritonenm, ( 2 ) eontaet with adjaeent viseeral 
organs, and (3) snpporting eonneetive tissnes. As 
seen in this seetional view, three eoneentrie layers of 
eonneetive tissue proteet and stabilize eaeh kidney. 


Fìbrous Capsule 

The fìbrous capsule is a layer of eollagen fibers 
that eovers the outer surface of the entire 
organ. 


Perìnephrìe Fat 

The perìnephrìe fat (perinephrie fat capsule) 
is a thiek layer of adipose tissue that surrounds 
the fibrous capsule. 


— 

Renal Faseìa 

The renal faseìa is a dense, fibrous outer 
layer that anehors the kidney to surrounding 
structures. Gollagen fibers extend outward from 
the fibrous capsule through the perinephrie fat 
to this layer. Posteriorly, the renal faseia fuses 
with the deep faseia surrounding the muscles 
of the body wall. 



Stomaeh 


Panereas 


Aorta 


Vena 

eaval 


Spleen 


Modyle 24.2 Revìew 


a. List the main structures eomposing the urinary system. 

b. Deseribe the eoneentrie layers ofeonneetive tissue that 
proteet and anehor the kidney. 

e. What would happen to a kidney's position if the 
perinephrie fat layer were depleted and the eollagen 
fibers of the fibrous capsule were to beeome detaehed? 


24.2 Deseribe the loeation and structural features of the kidneys. 
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Module24.3 



The kidneys are complex at the 
gross and míeroseopk levels 


Renal 


sinus 



Hilunn 


Major Structural Landmarks of the Kìdney 

The fìbrous capsule eovering the outer surface of the kidney 
also lines the renal sìnus, an internal eavity vvithin the kidney. 
The outer and inner linings are continuous at the hilum. 

VVithin the renal sinus, the fibrous capsule stabilizes the 
positions of the ureter, the renal blood vessels, and renal 
nerves. 

The renal cortex is the superficial portion of the kidney, in 
eontaet vvith the fibrous capsule.The cortex is reddish brovvn 
and granular. 

The renal medulla extends from the renal cortex to the 
renal sinus. 

A renal pyramìd is a eonieal structure extending from the 
cortex to a tip ealled the renal papílla. 

A renal column is a band of granular tissue that separates 
adjaeent pyramids. 

A kídney lobe eonsists of a renal pyramid, the overlying 
area of renal cortex, and adjaeent tissues of the renal 
columns. Eaeh kidney eontains 6-18 kidney lobes. Llrine 
production occurs in the kidney lobes. 



Here is a diagrammatie view of 
a seetioned kidney, showing the 
major landmarks and featnres. The 
blood vessels servieing the kidney 
enter throngh the hilum. 


A mínor calyx eolleets the urine 
produced by a single kidney lobe. 


A major calyx forms through the 
fusion of 4-5 minor ealyees (KA-li-sèz). 


Hilum 


The renal pelvìs is a large, funnel- 
shaped structure that eolleets urine 
from the major ealyees. It is continu- 
ous with the ureter. 


Llreter 


2 


Here is a frontal seetion of a hnman kidney. 
The labels follow the path of nrine within the 
eolleeting system (disenssed later) of the renal sinns, 
which eommnnieates with the nreter at the hilnm. 
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Nephron loop 
of eortieal nephron 


Nephron loop 
of juxtannedullary 

nephron 


3 


Nephrons are mieroseopie 
functional units of the kidney. 


Nephrons from different loeations 
differ slightly in structure. Approxi- 
mately 85 pereent of all nephrons are 
eortieal nephrons, loeated almost 
entirely within the snperfìeial cortex 
of the kidney. The remaining 15 
pereent of nephrons, termed juxta- 
mednllary (juks-tuh-MED-yu- 
lar-è; juxta, near) nephrons, have 
long nephron loops that extend 
deep into the renal mednlla. 



Renal cortex 



Gortieal nephrons 
are the most 
numerous nephrons. 
They are responsible 
for most of the 
regulatory functions 
of the kidneys. 


Juxtamedullary 
nephrons form a 
small pereentage 
of the total number 
of nephrons.They 
play a crucial role 
in establishing 
eonditions in the 
renal medulla that 
are essential to water 
eonservation and 
the production of 
eoneentrated urine. 


IVIodule 24.3 Revìew 


a. VVhieh structure is a eonieal mass within the 
renal medulla that ends at the papilla? 

b. Deseribe the renal papilla. 

e. VVhieh type of nephron is essential for the 
eonservation of water and the production of 
eoneentrated urine? 


24.3 Deseribe the gross structural features of the kidney, and 
distinguish between eortieal and juxtamedullary nephrons. 
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Module24.4 


r 


A nephron ìs divided into segments; 
eaeh segment has speeifìe functions 



The nephron eonsists of a renal eorpnsele and a renal tubule. At the renal eorpnsele, blood pressnre forees 
water and dissolved solntes out of the glomerular eapillaries and into a ehamber—the capsular spaee—that is 
continuous with the lumen of the renal tubule. The renal tubule is a tubular passageway which may be 50 mm 
(1.97 in.) long. Filtration prodnees an essentially protein-free solntion, known as a filtrate, that is similar to blood 
plasma. After modifieation by the renal tubule and eolleeting system, the filtrate leaves the kidneys as urine. 




Proxìimal Convoluted Tubule 



Dìstal Convoluted Tubule 


The proxìmal convoluted 
tubule (PCT) is the initial 
segment of the renal 
tubule. It is responsible 
for reabsorbing nutrients 
from the filtrate, now 
known as tubular fluìd. 


The dìstal convoluted tubule (DCT) is 

the last segment of the renal tubule. 

It makes further adjustments in the 
eomposition of the tubular fluid 
through seeretion and reabsorption. 




Renal Corpuscle 


The renal corpuscle (KOR- 
pus-ul) is a spherieal 
structure eonsisting 
of the glomerular 
capsule (Bowman's 
capsule), a cup-shaped 
ehamber approxi- 
mately 200 pm in 
diameter, and a eapillary 
network known as the 
glomerulus (glo-l\/lER-u-lus). 



KEY 


izl> Filtrate 

VVater reabsorption 






Variable water reabsorption 


Solute reabsorption or seeretion 


r-N 


Variable solute reabsorption 
or seeretion 


Afferent 

arteriole 


Glomerular capsule 

Capsular spaee 
Glomerulus 




Nephron Loop 

The nephron loop is the middle segment of the 
renal tubule. It establishes an osmotie gradient in 
the renal medulla that promotes water 
reabsorption from tubularfluid in the nephron 
and eolleeting system. Eaeh limb eontains a thin 
segment and a thieksegment.The terms thìn 
and thìek refer to the height of the epithelium. 
Thethin deseending limb is lined with squamous 
epithelium, and the thiek aseending limb has 
cuboidal epithelium. 



Deseending 


Thin limb 


Thiek limb 
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Eaeh nephron empties into the eolleeting system, a series of 
tnbes that earry tnbnlar flnid away from the nephron. Collect- 
ing dnets reeeive this flnid from many nephrons. Eaeh eolleeting 
duct begins in the renal cortex and deseends into the renal medulla, 
earrying fluid to a papillary duct that drains into a minor calyx. 



eolleeting System 


The eolleeting system reeeives the urine 
from individual nephrons and performs final 
adjustments in urine volume and eomposition 
before delivering it to a minor calyx. 




eolleetìng Duct 

A eolleetíng duct earries tubular fluid through the 
osmotie gradient in the renal medulla. There are two 
main types of eells in the eolleeting duct: interealated 

eells and prineipal eells. 

interealated eells are cuboidal eells 
with mierovilli that play a role in 
seereting and reabsorbing both 
hydrogen and biearbonate ions. 

Prìneìpal eells are cuboidal eells 
that reabsorb water and seerete 
potassium ions. 



Papìllary Duct 



A papìllary duct eolleets 
tubularfluid from multiple 
eolleeting ducts and 
delivers it to a minor calyx. 


As it travels along the renal 
tubule, tubular fluid gradually 
ehanges in eomposition. The 
eharaeteristies of the urine 
that enters the minor calyx 
vary from moment to 
moment depending on the 
aetivities under way in eaeh 
segment of the nephron and 
eolleeting system. 


Modyle 24.4 Revìew 


a. Deseribefiltrate. 

b. Listthe primary structuresofthe 
nephron and the eolleeting system. 

e. Identify the eomponents of the renal 
corpuscle. 


24.4 Deseribe the segments of the nephron and eolleeting system, 
including their general functions and histologieal appearanee. 


Seetion 1: Anatomy ofthe fJrinary System • 929 


































Module24.5 

j 


The kidneys are highly vascular, and 
the circulation patterns are complex 



Here are diagrammatie 
views of the arterial 
system supplying the kidney 
(top) and the venous system 
draining the kidney (bottom). 


Arcuate arterìes orígínate 
at interlobar arteries and areh 
along the boundary between the 
renal cortex and renal medulla. 


Gortìeal radìate 
arteríes supply the 
eortieal portions of 
adjaeent kidney lobes. 


Interlobar arteríes braneh 
from the segmental arteries 
and radiate outward within 
the renal columns. 


Segmental arterìes form 
through the branehing of 
the renal artery inside the 
renal sinus. 


Eaeh kidney reeeives 
blood from a renal 
artery, which originates 
at the aorta nearthe 
origin of the superior 
mesenterie artery. 


Afferent arteríoles that 
braneh off the eortieal 
radiate arteries supply blood 
to individual nephrons. 


Eaeh afferent arteriole 
delivers blood to a eapillary 
knot ealled a glomerulus. 
Blood is then distributed 
to the eapillaries of the 


nephron as detailed in 


Arcuate veins eolleet 
blood from assoeiated 
eortieal radiate veins. 



Interlobar veìns eolleet 
blood from arcuate veins. 
They drain direetly into the 
renal vein because there 
are no segmental veins. 



The renal vein returns 
the blood to the 
inferior vena eava. 


Gortieal radiate veins eolleet blood 
from the eapillaries of the nephrons. 
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In a eortieal nephron, the nephron loop is relatively 
short, and the efferent arteriole delivers blood to a 


network of peritubular eapillaries, which snrronnd the 
entire renal tubule. Both the nephrons and the peritubu- 
lar eapillaries are surrounded by interstitial fluid ealled 
peritubular fluid. These eapillaries drain into small 
vennles that earry blood to the eortieal radiate veins. 





Glomerulus in 
renal corpuscle 


The peritubular eapillaries 
eolleet water and solutes 
reabsorbed by the nephron, 
and deliver other solutes to 
the nephron for seeretion. 



The efferent arteriole 
earries blood from the 
glomerulus to the 
peritubular eapillaries. 



Start 







The afferent arteriole 
delivers blood to the 
glomerulus, where 
filtration occurs. 


To the eortieal 
radiate vein 



L 


Eaeh kidney has approximately 1.25 million nephrons, 
with a eombined length of about 145 km (85 miles). 
Both the eortieal and the juxtamedullary nephrons are 
innervated by renal nerves that enter at the hilum and 
follow the branehes of the renal arteries. Most of the 
nerve fibers involved are sympathetie postganglionie 
fibers from the eeliae plexus and the inferior splanehnie 
nerves. Sympathetie innervation adjnsts blood flow and 
blood pressnre at the glomernli, and stimnlates the 
release of renin. 


3 


In a juxtamedullary nephron, the 
peritubular eapillaries are eonneeted 


to the vasa reeta {vasa, vessels + reeta, 
straight)—long, straight eapillaries that 
parallel the nephron loop. 


Peritubular 

eapillaries 


Efferent 

arteriole 


Afferent 

arteriole 


To eortieal 
radiate vein 


Gapillaries of the vasa 
reeta eolleet and 


transport water and 
solutes within the 
renal medulla. 



Modyle 24.5 Revíew 


a. Traeethe pathway of blood from the 
renal artery to the renal vein. 

b. Deseribe how blood enters and leaves 
the glomerulus. 

e. What are the vasa reeta? 


24.5 Traee the pathway of blood flow through a kidney, and eompare 
the pattern of blood flow in eortieal and juxtamedullary nephrons. 
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Short answer 


Label the kidney structures in the follovving 
diagram, and then provide a brief functional/ 
anatomieal deseription of eaeh. 


11 


12 


13 


14 


15 



16 


17 


18 


19 


20 


21 


22 


23 
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Module24.6 


SEGTION 2 • Overvìevvof Renal Physìology 



The kìdneys maìntain homeostasis by 
removing vvastes and producing urine 


The goal of urine production is to maintain homeostasis 
by regnlating the volume and eomposition of blood. This 
proeess involves the excretion of solntes—speeifieally, 
metabolie wastes. Three organie wastes are noteworthy: 

♦ Urea, the most abnndant organie waste, is a by- 
prodnet of the breakdown of amino aeids in the liver. 

♦ Creatinine is generated in skeletal muscle tissue 
through the breakdown of ereatine phosphate, a 
high-energy eomponnd that plays an important role 
in muscle eontraetion. 

♦ Uric aeid is a waste formed during the reeyeling of the 
nitrogenons bases of RNA moleenles. 

The kidneys are usually eapable of producing eoneen- 
trated urine with an osmotie eoneentration of 855-1335 
mOsm/L, more than four times that of blood plasma. In 
a elinieal setting, the osmolarity of urine is often 
reported as osmolality, which is milliosmoles per 
kilogram of water (mOsm/kg H^O). When disenssing 
osmotie eoneentrations in body fluids, these terms are 
often used interehangeably. 


2 


Kidney function requires three 
distinet physiologieal proeesses. 


Blood 



Glomerular 

Blood 

• J 

eapillary 

pressure 




• H 



Filtration 

membrane 



Solute 







The kidneys prodnee fluid (urine) that is different from other 
body fluids. This table shows renal effieieney by eomparing 
eoneentrations of typieal snbstanees found in blood plasma and urine. 



Normal Laboratory Values for Solutes ín Plasma and Urine 


Solute 

Blood Plasma 

Urìne 

lons (mEq/L) 

Sodium (Na"^) 

135-145 

40-220 

Potassium (K"^) 

3.5-5.0 

25-100 

Biearbonate (HC 03 “) 

20-28 

1.9 

Metabolítes and Nutríents (mg/dL) 



Glucose 

70-110 

0.009 

Lipids 

450-1000 

0.002 

Proteins 

6.0-8.0 g/dL 

0.000 

Nítrogenous Wastes (mg/dL) 



Llrea 

8-25 

1800 

Greatinine 

0.6-1.5 

150 

Llrie aeid 

2-6 

40 

Ammonia 

<0.1 

60 


Filtrate 


Note: The values indieated are typieal 
ranges; speeifie numbers vary depending 
on the laboratory and testing methods used. 


In fìltratìon, blood pressure forees water and solutes aeross the membranes of the 
glomerular eapillaries and into the capsular spaee. Solute molecules small enough to 
pass through the filtration membrane are earried by the surrounding water molecules. 




Transport 

proteins 





Solute 



Peritubular 

fluid 






Tubular 

epithelium 


Tubular 

fluid 


^^ 


‘e 

^nlljtP A 

^Transport V 
^ proteins 


• 


• 

• 

Peritubular 

Tubular 

Tubular 

fluid 

epithelium 

fluid 


A/lodule 24.6 Revíew 


a. Identify three solutes excreted in urine, 
and deseribe how they are generated. 

b. In which direetion do fluids and solutes 
move in eaeh of the three kidney 
proeesses? 


Reabsorptìon is the transport of water and 
solutes from the tubular fluid, aeross the tubular 
epithelium, and into the peritubular fluid. 


Seeretìon is the transport of solutes from 
the peritubular fluid, aeross the tubular 
epithelium, and into the tubular fluid. 


e. Blood pressure is required for which 
kidney function? 



24.6 Briefly deseribe how the kidneys maintain homeostasis and produce urine. 



















































































Module24.7 


Filtratìon, reabsorptìon, and seeretion occur in 

speeifie segments of the nephron and eolleeting system 



This diagram summarizes the general functions of the varions segments of 
the nephron and eolleeting system in the formation of urine. Most segments 
perform a eombination of reabsorption and seeretion, but the balanee between the two 
proeesses varies from one segment to another. Regnlation of the final volume and solute 
eoneentration of the urine resnlts from the interaetion between the eolleeting system 
and the nephron loops, espeeially the long loops of the juxtamedullary nephrons. 


Proximal 
convoluted 
tubule (PCT) 


Distal 

convoluted 
tubule (DCT) 


Glomerulus 


Glomerular 

capsule 



Nephron loop 


Drine storage 
and elimination 


KEY 

Filtration occurs exclusively 
in the renal corpuscle, 
aerossthefiltration 
membrane. 

Water reabsorption occurs 
primarily along the PCT and 
the deseending limb of the 
nephron loop, but also to a 
variable degree in the DCT 
and eolleeting system. 

!r.\> Variable water reabsorption 

occurs in the DCT and 
eolleeting system. 

■=> Solute reabsorption occurs 

along the PCT, the 
aseending limb of the 
nephron loop, the DCT, 
and the eolleeting system. 

C.\> Variable solute reabsorp- 

tion or seeretion occurs at 
the PCT, the DCT, and the 
eolleeting system. 
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The table below gives an overview of the fnnetions of the 
varions parts of the nephron and eolleeting system. We will 


eonsider the roles of these nephron segments and surrounding 
blood vessels in greater detail in subsequent modnles. 


Renal Structures and Theír Functions 

Segment 

General Functìons 

Speeìfìe Functìons 

Renal corpuscle 

Filtration of blood; generates approximately 

180 L/day of filtrate similar in eomposition to 
blood plasma but without plasma proteins 

Filtration 

VVater and inorganie and organie solutes from plasma 

Retention 

Plasma proteins and blood eells 

Proxímal convoluted 
tubule (PCT) 

Reabsorption of 60-70% of the water (108-116 
L/day), 99-100% of the organie substrates, and 
60-70% of the sodium and ehloride ions in the 
original filtrate 

Aetive reabsorption 

Glucose, other simple sugars, amino aeids, vitamins, ions 
(including sodium, potassium, calcium, magnesium, 
phosphate, and biearbonate) 



Passive reabsorption 

Drea, ehloride ions, lipid-soluble materials, water 



Seeretion 

Hydrogen ions, ammonium ions, ereatinine, drugs, and toxins 

Nephron loop 

Reabsorption of 25% of the water (45 L/day) 
and 20-25% of the sodium and ehloride 
ions in the original filtrate; ereation of the 
eoneentration gradient in the renal medulla 

Reabsorption 

Sodium and ehloride ions, water 

Distal convoluted tubule 
{DCT) 

Reabsorption of a variable amount of water 
(usually 5%, or 9 L/day) under antidiuretic 
hormone stimulation, and a variable amount of 
sodium ions under aldosterone stimulation 

Reabsorption 

Sodium and ehloride ions, sodium ions (variable), calcium ions 
(variable), water (variable) 

Seeretion 

Hydrogen ions, ammonium ions, ereatinine, drugs, and toxins 

eolleetíng system 

Reabsorption of a variable amount of water 
(usually 9.3%, or 16.8 L/day) under antidiuretic 
hormone stimulation, and a variable amount of 
sodium ions under aldosterone stimulation 

Reabsorption 

Sodium ions (variable), biearbonate ions (variable), water 
(variable) 

Seeretion 

Potassium and hydrogen ions (variable) 

Blood Vessels 

Perítubular eapìllarìes 

Redistribation of water and solutes reabsorbed 
in the renal cortex 

Return of water and solutes from the peritubular fluid to the 
general circulation 

Vasa reeta 

Redistribation of water and solutes reabsorbed 
in the renal medulla, and stabilization of the 
eoneentration gradient of the renal medulla 

Return of water and solutes from the peritubular fluid to the 
general circulation 


IVIodule 24.7 Revìew 


a. Identifythe three distinet proeesses of 
urine formation in the kidney. 

b. VVhere does filtration exclusively occur in 
the kidney? 

e. VVhieh segment of the nephron is solely 
involved in the reabsorption of water and 
sodium and ehloride ions? 


24.7 Deseribe filtration, reabsorption, and seeretion along eaeh segment 
of the nephron and eolleeting system. 
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Module24.8 




Fìltratìon occurs at the renal corpuscle 

The renal eorpnsde, the start of the nephron, filters blood. 

This is the vital first step in the formation of nrine. 



At the renal eorpnsde, the 
eapillary knot of the glomernlns 
projeets into the eapsnlar spaee like 
the heart projeets into the perieardial 
eavity. Like the perieardinm, the 
glomernlar eapsnle has an onter 
parietal layer and an inner viseeral 
layer. 


The glomerular capsule forms the outer wall of the 
renal corpuscle and eovers the glomerular eapillaries. 


The capsular spaee separates the 
parietal and viseeral layers of the 
glomerular capsule. 


The efferent arterìole delivers blood 
to peritubular eapillaries. It has a 
smaller diameter than the afferent 
arteriole, and this inereases the blood 
pressure within the glomerulus. 


Initial segment 
of renal tubule 


The juxtaglomerular complex 

eonsists of speeialized eells that 
seerete renin when glomerular 
blood pressure deereases. 


The afferent arteríole delivers blood 
to the glomerulus from a eortieal 
radiate artery. 


2 


The viseeral layer eonsists of large eells with complex 
proeesses, or “feet,” that wrap aronnd the speeialized 
dense layer of the glomernlar eapillaries. These unusual eells 
are ealled podoeytes (PO-dó-sits; podos, foot + 'Cyte, eell), and 
their feet are known as pedieels. Snbstanees passing out of the 
blood at the glomerulus must be small enough to pass between 
the narrow gaps, or filtration slits, between adjaeent pedieels. 



Parietal layer 
Viseeral layer 



Glomerular 
endothelial eell 


Pedieels 


Podoeyte 


A podoeyte 


SEM X 2100 



Mesanglal eells are 

speeial supporting 
eells that lie between 
adjaeent glomerular 
eapillaries.These eells 
eontraet or relax to 
eontrol eapillary 
diameter and the rate 
of eapillary blood flow. 


Filtration slits 
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The glomerular eapillaries are fenestrated 
eapillaries eontaining large-diameter 


Glomerulus 


pores (Module 18.3, p, 654). The endothe- 
lium eovers a dense layer, a speeialized 
type of basement membrane. Together, the 
fenestrated endothelinm, the dense layer, 
and the filtration slits form the filtration 
membrane. Under normal eirenmstanees 
only a few plasma proteins—such as albumin 
moleenles, with an average diameter of 7 nm 
ean eross the filtration membrane and enter 
the eapsnlar spaee. 


Faetors Controllìng Glomerular Fìltratìon 



Dense 


eapillary 

lumen 


Podoeyte 


Pore 


The glomerular hydrostatie pressure (GHP) is the blood pressure in the glomerular eapillaries. 
This pressure tends to push water and solute molecules out of the plasma and into the filtrate. 
The GHP, which averages 50 mm Hg, is signifieantly higherthan eapillary pressures elsewhere 
in the systemie circuit, due to the different diameters of the afferent and efferent eapillaries. 



Filtration 

slit 


Pedieels 


Capsular 

spaee 


Filtrate in 
capsular 
spaee 


Plasma 

proteins 


Solutes 



The capsular eolloìd osmotìe pressure 

is usually 0 because few, if any, plasma 
proteins enter the capsular spaee. 


The blood eolloìd osmotìe pressure 
(BCOP) tends to draw water out of the 
filtrate and into the plasma; it thus 
opposes filtration. Over the entire length 
of the glomerular eapillary bed, the BCOP 
averages about 25 mm Hg. 


The net fìltratìon pressure (NFP) is the 

pressure aeting aeross the glomerular 
eapillaries. It represents the sum of the 
hydrostatie pressures and the eolloid 
osmotie pressures. Llnder normal circum- 
stanees, the net filtration pressure is 
approximately 10 mm Hg.This isthe 
average pressure foreing water and 
dissolved substances out of the glomerular 
eapillaries and into the capsular spaee. 


Capsular hydrostatie pressure (CsHP) 

opposes GHP. CsHP, which tends to push 
water and solutes out of the filtrate 
and into the plasma, results from the 
resistanee of filtrate already present in 
the nephron that must be pushed 
toward the renal pelvis. 


Filtration 

membrane 


4 


The primary faetor involved in glomernlar filtration is 
basieally the same as that governing flnid and solnte 


movement aeross eapillaries thronghont the body: the 
balanee between hydrostatie pressure (flnid pressnre) 
and eolloid osmotie pressure (pressnre due to materials 
in solution) on either side of the eapillary membrane. 


Modyle 24.8 Revíew 


a. The capsular spaee separates which layers of the 
glomerularcapsule? 

b. Explain why blood pressure is higher in glomerular 
eapillaries than in other systemie eapillaries. 

e. Blood eolloidal osmotie pressure tends to draw 
water out of the filtrate and into the plasma. Why 
doesthisoccur? 


24.8 Deseribe the structural features of a renal corpuscle, and 
explain the functions of the filtration membrane eomponents. 
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The glomerular filtratíon rate ìs the 
amount of filtrate produced eaeh mìnute 

The glomerular filtratíon rate (GFR) is the amount of filtrate the kidneys produce 
eaeh minute. Two interaeting levels of eontrol stabilize GFR: (1) autoregulation 
at the loeal level, and (2) eentral regnlation, which has an endoerine eomponent 
initiated by the kidneys and an antonomie eomponent involving the sympathetie 
division of the ANS. 



Through autoregulation 
the kidneys adjust GFR 
in response to ehanges in the 
loeal environment at and 
around the nephrons. 



ifinsaffìeient to restore normal GFR 


Autoregulation 


Immediate loeal 
response in the 
kidney 


inereased 
glomerular 
blood pressure 



ifsaffieient 



HOMEOSTASIS 

RESTORED 







HOMEOSTASIS 

DISTURBED 


Deereased GFR 
resulting in 
deereased filtrate 
and urine 
production 





< 

>ta 

rt 






938 • Chapter24:TheUrinarySystem 





















































2 


In essenee, the kidneys eall for a 
eentral response that inereases 


GFR if antoregnlation is ineffeetive. 
This response involves mnltiple 
systems and meehanisms. 


eentral Regulation 

Integrated endoerine 
and neural meehanisms 
aetivated 



The juxtaglomerular complex 
plays a key role in eoordinating 
responses to deereased GFR. 



Endoerìne 

response 

Juxtaglomerular 
complex inereases 
production of renin 


HOMEOSTASIS 

RESTORED 


inereased 

glomerular 

pressure 



Renin in the bloodstream triggers 
formation of angiotensin 1, which 
is then aetivated to angiotensin II 

by angiotensìn eonvertìng 
enzyme (ACE) in the eapillaries 

of the lungs 



V 

^ L Angiotensin II triggers 


Angiotensin II eonstriets 
peripheral arterioles and 
further eonstriets the efferent 

arterioles 





inereased 


inereased 

systemie 


blood 

blood 


volume 

pressure 





inereased aldosterone 
seeretion by the 
adrenal glands 






p 

Aldosterone 

inereases 

Na"*" retention 



inereased fluid 
consumption 



inereased fluid 
retention 



Gonstrietion of 
venous reservoirs 



inereased 
eardiae output 


Together, angiotensin II 
and sympathetie aetivation 
stimulate peripheral 
vasoeonstrietion 




inereased 
stimulation of 
thirst eenters 



inereased ADH 
production 



inereased 
sympathetie 
motor tone 


V 

Angiotensin 

triggers 

neural 

responses 


Eaeh kidney eontains abont 6 —some 64 square feet—of 

filtration surface, and the GFR averages an astonnding 125 mL 
per minute. This means that about 10 pereent of the fluid deliv- 
ered to the kidneys by the renal arteries leaves the bloodstream 
and enters the eapsnlar spaees. In the course of a single day, the 
glomernli generate about 180 liters (48 gal) of filtrate, about 
70 times the total plasma volume. But as filtrate passes through 
the renal tubules, about 99 pereent of it is reabsorbed. 


Modale 24.9 Revìew 


a. In response to deereased filtration 
pressure, the juxtaglomerular complex 
does what? 

b. Angiotensin II has what effeet on 
nephrons? 

e. Angiotensin II has what effeet on the 
CNS? 


24.9 Deseribe the faetors that influence filtration pressure and the glomerular filtration rate. 
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Reabsorptìon predominates along 
the proKÌmal convoluted tubule... 


The proximal convoluted tubule (PCT) is the first 
segment of the renal tubule. The entranee to the 
PCT lies almost direetly opposite the point where 
the afferent and efFerent arterioles eonneet to the 
glomerulus. The distal convoluted tubule (DCT), 
which forms the last segment of the nephron, makes 
final adjnstments to the solute 

eomposition of the Lumen 

tubular fluid. Cuboidal eontaining 

epithelial eells tubularfluid 



Llrine storage 
and elimination 



Normally, before the tubular fluid enters the nephron 
loop, the PCT reabsorbs more than 99 pereent of the 
glneose, amino aeids, and other organie nntrients in the fluid. 
The PCT also reabsorbs sodium, potassinm, biearbonate, 
magnesinm, phosphate, and snlfate ions. As reabsorption 
occurs, the solute eoneentration of tubular fluid deereases, 
and that of peritubular fluid and adjaeent eapillaries inereases. 
Osmosis then pulls water out of the tubular fluid and into the 
peritubular fluid. Along the PCT, this meehanism resnlts in the 
reabsorption of approximately 108 liters of water eaeh day. 



Tubular fluid 


Cells of 
proximal 
convoluted 
tubule 


Glucose and 
other organie 
solutes 




Osmotie 

water 


Peritubular 


lons may be 
reabsorbed through 
a eombination of 
diffusion, faeilitated 
diffusion, aetive 
transport, or seeond- 
ary aetive transport 
(l\/lodule 3.16, p. 116 ) 


Peritubular 

eapillary 





izl> Water 

reabsorption 

IZ^ Solute 

reabsorption 

i:í> Variable solute 

y 

reabsorption or 
seeretion 


KEY 

Q Garrier protein 

(^) Countertransport punnp 
Diffusion 

Reabsorption 

Seeretion 
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... vvhereas reabsorptìon and seeretìon are 
often lìnked along the dístal convoluted tubule 


2 


Only 15-20 pereent of the initial filtrate volnme reaehes the DCT, 
and the eoneentrations of eleetrolytes and organie wastes in the 


arriving tnbnlar flnid no longer resemble the eoneentrations in blood 
plasma. In the DCT, a eombination of seeretion and reabsorption 
fnrther alters the solnte eomposition of the tnbnlar flnid. 



Dìstal 

convoluted 

tubule 



Cells of 
distal 

convoluted 

tubule 



Sodium ions are 

When the pH 

The DCT also 

reabsorbed in 

of body fluids 

eontains earrier 

exchangefor 

deereases. 

proteins that 

potassium ions; 

hydrogen 

seerete toxins 

these ion 

ions are 

ordrugs that 

pumps are 

seereted in 

did not enter 

stimulated by 

exchange for 

the filtrate at 

aldosterone (A). 

sodium ions. 

- ■ - T -^ 

the glomerulus. 


Peritubular 

fluid 


+ 


+ 


Peritubular 

eapillary 


+ 


+ 


+ 


+ 


Toxins, 

drugs 


KEY 

Q Garrier protein 
Q Countertransport punnp 

Diffusion 

Reabsorption 
Seeretion 




Modyle 24.10 Revìew 


a. Identify the segment ofthe nephron that makes final 
adjustments to the eomposition of tubular fluid. 

b. What effeet would inereased amounts of aldosterone 
have on the eoneentration in urine? 

e. What effeet would a deerease in the Na"^ eoneentration 
of filtrate have on the pH of tubularfluid? 


24.10 Identify the types oftransport meehanisms along the 
proximal and distal convoluted tubules of the nephron. 
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Module 24.11 


r 


Exchange betvveen the lìmbs of the nephron 
loop ereates an osmotíe eoneentration 
gradìent ìn the renal medolla 



The thin deseending limb and the thiek aseending 
limb of the nephron loop are very elose together, 
separated only by peritnbnlar flnid. The exchange that 
oeenrs between these segments is ealled countercurrent 
mnltiplieation. Countercurrent refers to the faet that the 
exchange oeenrs between flnids moving in opposite diree- 
tions: Tnbnlar flnid in the deseending limb flows toward the 
renal pelvis, whereas tnbnlar flnid in the aseending limb 
flows toward the renal cortex. Multiplication refers to the 
faet that the effeet of the exchange inereases as movement 
of the flnid eontinnes. Countercurrent mnltiplieation is 
responsible for ereating the eoneentration gradient in the 
renal mednlla. It is this gradient that enables the kidney 
to prodnee highly eoneentrated urine. 


Proxinnal 

convoluted 

tubule 

Glonnerulus 


Distal 

convoluted 

tubule 


Glonnerular 

capsule 



Nephron loop 


KEY 


izj> VVater 


Drine storage 
and elimination 


reabsorption 



Solute 

reabsorption 


2 


The key to this proeess is the transport 
aetivity performed by the eells of the thiek 


aseending limb. Aetive transport at the apieal 
snrfaee moves sodium and ehloride ions out of the 
tubular fluid, and they then enter the peritubular 
fluid of the renal mednlla. Beeanse the apieal 
snrfaee is impermeable to water, the transport 
of ions does not result in an osmotie water flow 
as it did along the PCT. 


Gells of 
thiek 

aseending 

limb 


This plasma 
membrane is 
impermeable 



to water 



Peritubular 


KEY 

O Garrier proteins moving 

sodium and ehloride ions 

Diffusion 

Reabsorption 
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The removal of sodium and ehloride ions from the 


tubular fluid in the aseending limb inereases the 
osmotie eoneentration of the peritubular fluid around the 
thin deseending limb. The thin deseending limb is permeable 
to water but impermeable to solutes; as tubular fluid travels 
deeper into the renal mednlla along the thin deseending limb, 
osmosis moves water into the peritubular fluid. 


Urea is an important solute that is elimi- 
nated in the urine. As water is reabsorbed 
along the DCT and eolleeting duct, the eoneen- 
tration of urea gradually inereases in the tubular 
fluid. The tubular fluid reaehing the papillary 
duct typieally eontains urea at a eoneentration 
of about 450 mOsm/L. 




V- 


The thin deseending limb is permeable to water, but 

Thethin deseending 

Thethiekaseending 

impermeable to solutes. Solutes remain behind as water 

limb is permeableto 

limbofthe nephron 

leaves, so thetubularfluid reaehing theturn ofthe 

water, but impermeable 

loop is impermeable 

nephron loop has a higher osmotie eoneentration than 

to solutes, including 

to waterand solutes. 

itdid at thestart. 

urea. 




Renal medulla 


Na+er 


Na+er 


Na+er 


The pumping 
meehanism of the 
thiekaseending 
limb is highly 
effeetive: Almost 
two-thirds of the 
sodium and ehloride 
ions that enter it are 
pumped out of the 
tubular fluid before 
that fluid reaehes 
the DCT. 


Renal medulla 



The DCT and 
the eolleeting 
ducts are 
impermeable 
to urea but 
have variable 
permeability 
to water. 


KEY 



Na 


Cl 


+ 



Urea 


The thiek aseending limb is impermeable to water 
and other solutes. In other tissues, differenees in solute 
eoneentration are quickly resolved by osmosis. But sinee 
osmosis eannot occur aeross the impermeable wall of 
the thiek aseending limb, the solute eoneentration in 
the tubular fluid deereases as Na"^ and Cl“ are removed. 


KEY 

- = Impermeableto solutes 


= Impermeable to water 


= Impermeableto urea; 
variable permeability 
to water 


300 


= Fluidosmotic 

eoneentration (mOsm/L) 


Module 24.11 Revìew 


a. Define countercurrent multiplication as it 
occurs in the kidneys. 

b. The thiek aseending limb of the nephron 
loop aetively pumps what substances into 
the peritubularfluid? 

e. An inerease in sodium and ehloride ions 
in the peritubular fluid affeets the thin 
deseending limb in what way? 


(S) 24.11 Explain the role of countercurrent multiplication in the 
formation of a eoneentration gradient in the renal medulla. 
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Module 24.12 


r 


llrìne vomme and eoneentratìon 

are hormonally regnlated 


Urine volnme and osmotie eoneentration are regnlated throngh the hormonal 
eontrol of water reabsorption by antidinretie hormone (ADH). The water 
permeabilities of the PCT and deseending limb of the nephron loop eannot be 
adjnsted, and water reabsorption oeenrs whenever the osmotie eoneentration 
of the peritnbnlar flnid exceeds that of the 


tubular fluid. Because these water movements 
eannot be prevented, they represent obligatory 
water reabsorption. Obligatory reabsorption 
usually reeovers 85 pereent of the volume of 
filtrate produced. The volume of water lost in 
urine depends on how much of the water in the 
remaining tubular fluid (15 pereent of the filtrate 
volume, or nearly 27 liters per day) is reabsorbed 
along the DCT and eolleeting system. The 
amount ean be preeisely eontrolled by a proeess 
ealled faenltative water reabsorption. 


Oblìgatory Water 
Reabsorptìon 


Facultatíve Water 
Reabsorptìon 

Distal convoluted 



c> = 


= Water 


reabsorption 


Drine storage 
and elimination 


I 




= Variable water 
reabsorption 



Without antidiuretic hormone (ADH), water is not reabsorbed in 
the distal eolleeting tubule or the eolleeting duct, so all the fluid 
reaehing the DCT is lost in the urine. No faenltative water reabsorption 
occurs, and the person then prodnees large amonnts of very dilute urine. 



Large volume 
of dilute urine 
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2 


ADH causes the appearanee of speeial water ehannels, ealled 


aquaporinS; in the apieal plasma membranes lining the DCT 
and eolleeting duct. The aquaporins dramatieally inerease the rate 
of osmotie water movement. As ADH levels inerease, the DCT and 
eolleeting system beeome more permeable to water, the amount of 
water reabsorbed inereases, and the urine osmotie eoneentration 
inereases. Under maximum ADH stimulation, the DCT and 
eolleeting system beeome so permeable to water that the osmotie 
eoneentration of the urine is equal to that of the peritubular fluid 
in the deepest portion of the renal mednlla. 


3 


A healthy adult typieally produces 


1200 mL of urine per day (about 
0.6 pereent of the filtrate volume), with 
an osmotie eoneentration of about 
1000 mOsm/L. However, normal values 
differ from person to person and from 
day to day, as the kidneys alter their 
fnnetion to maintain homeostatie 
eonditions within body fluids. 


Renal cortex 



General Characterístìcs of Normal Urine 

eharaeterìstìe 

Normal Range 

pH 

4.5-8 (average: 6.0) 

Speeìfìe gravìty 

1.003-1.030 

Osmotìe eoneentratìon 

855-1335 mOsm/L 

(osmolarìty) 


Water eontent 

93-97% 

Volume 

700-2000 mL/day 

Golor 

eiear yellow 

Odor 

Varies with eomposition 

Baeterlal eontent 

None (sterile) 


KEY 

= Water 
reabsorption 

= Variable water 
reabsorption 

= Na+/C|- 
transport 

ADH = Antidiuretic 

hormone 


= Solutes 

= Impermeable 
to solutes 

= Impermeable 
to water 

= Variable permeability 
to water 




Modyle 24.12 Revíew 


a. Can the water permeability ofthe PCT 
or DCT ever ehange? Explain. 

b. What effeet does an inerease in ADH 
levels have on the DCT? 

e. When ADH levels in the DCT deerease, 
what happens to the urine osmotie 
eoneentration? 


24.12 Deseribe how antidiuretic hormone influences the volume and eoneentration of urine. 
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Module 24.13 


r 


Renal functìon is an integrative proeess involving fìltration 
reabsorption, and 


/ 


seeretion 



The filtrate produced by 
the renal corpuscle has the 
same osmotie eoneentration as 
plasma—about 300 mOsm/L. 

It has the same eomposition as 
plasma but does not eontain 
plasma proteins. 


2 


In the proximal eonvolnted 
tubule (PCT), the aetive 
removal of ions and organie 
nntrients prodnees a continuous 
osmotie flow of water out of the 
tubular fluid. This deereases the 
volume of filtrate but keeps the 
tubular fluid inside and the 
peritubular fluid outside isotonie. 


3 


In the PCT and deseending 
limb of the nephron loop, 
water moves into the surrounding 
peritubular fluid, leaving a small 
volume of highly eoneentrated 
tubular fluid. This reduction 
occurs by obligatory water 
reabsorption. 




© 


= VVater 

reabsorption 

= Variable water 
reabsorption 

= Na+/C|- 
transport 

= Aldosterone- 
regulated punnp 

= Solutes 



Renal 

cortex 



Renal medulla 


Impermeable 
to solutes 


= Impermeable 
to water 


Variable permeability 
to water 


= Fluid osmotie 

eoneentration (mOsm/L) 
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The aseending limb is 
impermeable to water and 


solntes. The tubule eells of the 
thiek aseending limb aetively 
transport Na'*’ and Cl~ out of the 
tubule, thereby deereasing the 
osmotie eoneentration of the 
tubular fluid. Because just Na'*' 
and Cl~ are removed, urea makes 
up a higher proportion of the total 
osmotie eoneentration at the end 
of the nephron loop. 


5 


Fnrther adjnstments in the 
eomposition of the tubular 
fluid occur in the DCT and the 
eolleeting system. The osmotie 
eoneentration of the tubular fluid 
ean be adjnsted throngh aetive 
transport (reabsorption or seere- 
tion). 


6 


The final adjnstments in the 
volume and osmotie 
eoneentration of the tubular fluid 
are made by eontrolling the water 
permeabilities of the distal portions 
of the DCT and the eolleeting 
system. The level of ADH deter- 
mines the final urine eoneentration. 


7 


The vasa reeta absorb 
the solntes and water 


reabsorbed by the nephron loop 
and the eolleeting ducts. By 
transporting these solntes and 
water into the systemie eirenit, the 
vasa reeta maintain the 
eoneentration gradient of the 
renal mednlla. 


Modyle 24.13 Revíew 


Thefiltrate produced atthe renal corpuscle 
has the same osmotie eoneentration as 


In the PCT, ions and organie substrates are 
aetively removed, thus causing what to 
occur? 

How is the eoneentration gradient of the 
renal medulla maintained? 
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Module 24.14 


+ 


CLINICAL MODULE 



Renal failure ís a lìfe-threatening eondition 



Renal failnre occurs when the kidneys eannot perform the excretory functions 
needed to maintain homeostasis. When kidney filtration slows for any reason, 
urine prodnetion deelines. As the deeline eontinnes, symptoms of renal failnre appear 
beeanse water, ions, and metabolie wastes are retained. Virtnally all systems in the body 
are affeeted. For example, fluid balanee, pH, muscular eontraetion, metabolism, and 
digestive fnnetion are distnrbed. The person generally beeomes hypertensive, anemia 
develops due to a deerease in erythropoietin prodnetion, and eentral nervons system 
problems ean lead to sleeplessness, seiznres, delirinm, and even eoma. 



ehronìe Renal Faìlure 


Acute Renal Faílure 


In ehroníe renal faìlure, kídney 
function deteriorates gradually, and 
the assoeiated problems accumulate 
over time. The management of ehronie 
renal failure typieally involves restriet- 
ing water and salt intake and minimiz- 
ing protein intake.This eombination 
reduces strain on the urinary system 
by (1) minimizing the volume of urine 
produced and (2) preventing the 
generation of large quantities of 
nitrogenous wastes. Aeidosis, a 
eommon problem in persons with 
renal failure, ean be countered by 
ingesting biearbonate ions. 


ehronie renal failure 
generally eannot be 
reversed; its progression 
ean only be slowed. 



Acute renal faìlure occurs when 
exposure to toxic drugs, renal isehemia, 
urinary obstruction, or trauma causes 
filtration to slow suddenly or stop.The 
reduction in kidney function occurs 
over a period of a few days and lasts 
for weeks. Sensitized people ean also 
develop acute renal failure after an 
allergie response to antibioties or 
anestheties. People in acute renal failure 
may reeover if they survive the ineident. 
The kidneys may then regain partial or 
eomplete function. (With supportive 
treatment, the survival rate is approxi- 
mately 50 pereent.) 


In hemodíalysís (hè-mó-di-AL-i-sis), an artifieial 
membrane is used to regulate the eomposition of 
blood by means of a dialysis maehine. The basie prineiple 
involved in this proeess, ealled dialysis, is passive 
diffnsion aeross a seleetively permeable membrane. The 
patient s blood flows past an artifieial dialysis membrane, 
which eontains pores large enough to permit the diffusion 
of ions, nntrients, and organie wastes, but small enough 
to prevent the loss of plasma proteins. A speeial dialysis 
fluid flows on the other side of the membrane. 



Artifieial dialysis membrane 



eomparative Composition of Plasma 
and Dialysis Fluid 


eomponent 

Plasma 

Dìalysìs Fluìd 

Eleetrolytes (mEq/L) 

Sodium (Na^) 

135-145 

136-140 

Potassium (K+) 

3.5-5.0 

0-3.0 

Calcium (Ca^+) 

4.3-5.3 

1.5 

Magnesiom (Mg^+) 

1.4-2.0 

0.5-1.0 

ehloride (Cr) 

100-108 

99-110 

Biearbonate (HeO^ ) 

21-28 

27-39 

Phosphate (PO^^") 

3 

0 

Sulfate (SO^^^) 

1 

0 

Nutrìents (mg/dL) 

Glucose 

70-110 

100 


Note: Although these values are representative, the preeise dialysis 
fluid eomposition ean be tailored to meet speeifie elinieal needs. For 
example, if plasma potassium levels are too low, the dialysis fluid po- 
tassium ion eoneentration ean be elevated to remedy the situation. 
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As diffusion takes plaee aeross the dialysis membrane, the 
eomposition of the blood ehanges. Potassium ions, phosphate 
ions, sulfate ions, urea, ereatinine, and uric aeid diffuse aeross 
the membrane into the dialysis fluid. Biearbonate ions and 
glucose diffuse into the bloodstream. In effeet, diffusion aeross 
the dialysis membrane takes the plaee of normal glomerular 
filtration, and the eharaeteristies of the dialysis fluid ensure that 
important metabolites remain in the bloodstream ratherthan 
diffusing aeross the membrane. 



Thermometer 


Blood 


Dialysis 



Holding 

tank 


Dialysis 

ehamber 


3 



In praetiee, silieone rubber tubes ealled shunts are 
inserted into a medium-sized artery and vein. (The 
typieal loeation is the forearm, although the lower 
leg is sometimes used.) The two shunts are then 
eonneeted, forming a short circuit that does not 
impede the flow of blood.The shunts ean then be 
used like taps in a wine barrel, to draw a blood 


sample or to eonneet the patient to a dialysis 
maehine. For long-term dialysis, a surgically ereated 
arteriovenous anastomosis provides aeeess. 


The signs and 
symptoms of aente 


renal failnre ean be relieved 
by kidney dialysis, but this 
treatment is not a cure. 


The only real cure for severe renal failure is a kidney transplant. This proeednre 
involves implanting a new kidney obtained from a living donor or from a 
deeeased donor. The reeipient s nonfnnetioning kidney(s) may be removed, 
espeeially if an infeetion is present. Patient snrvival is more than 90 pereent at 
2 years after the transplant. The use of kidneys from elose relatives signifieantly 
improves the ehanees that the transplant will sneeeed. Immunosuppressive 
drugs are given to reduce tissue rejeetion. Unfortunately, this treatment also 
lowers the reeipient's resistanee to infeetion or eaneer. 


Modyle 24.14 Revíew 


a. Briefly explain the differenee 
between ehronie renal failure and 
acute renalfailure. 

b. Definedialysis. 

e. Explain why patientson dialysis 
often reeeive Epogen or Proerit, a 
synthetie form of erythropoietin. 


24.14 Gompare and eontrast ehronie and acute renal 
failure, and explain the proeess of hemodialysis. 
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Matehíng 


Mateh eaeh lettered term with the most elosely related deseription. 


a. aquaporins 

b. ADH 

e. aldosterone 

d. PCT 

e. seeretion 

f. renal corpuscle 

g. nephron loop 

h. filtrate 

i. BCOP 

j. podoeytes 











10 


Site of plasma filtration 
Glomerular epithelium 
Protein-free solution 
Opposes filtration 
Countercurrent multiplication 
VVater ehannels 

Primary method for eliminating drugs or toxins 
Stimulates ion pump—Na”^ reabsorbed 

Primary site of nutrient reabsorption in the nephron 

Regulates passive reabsorption of waterfrom urine 
in the eolleeting system 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


Short answer 

Identify the structures ofthe representative nephron and eolleeting system in thefollowing diagram, and deseribe thefunctions of eaeh. 




12 


■ 

13 



Glomerulus 


Efferent arteriole 
Afferent arteriole 


Glomerular capsule 


14 


15 





Seetíon íntegratìon 

Marissa has had a urinalysis that deteeted large amounts of plasma proteins and white blood eells in her urine. 
VVhat eondition might be responsible, and what effeets would it have on her urine output? 
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Module 24.15 


SECTION 3 • llrìneStorageand Elìmìnatìon 



The nrínary traet transports, stores, and elíminates urine 


Filtrate modifieation and urine production end when 
the fluid enters the renal pelvis. The urinary traet (the 
ureters, urinary bladder, and urethra) is responsible for 
the transport, storage, and elimination of urine. 



A pyelogram (Pl-el-ó-gram) is an image of the 
nrinary system. It is obtained by taking an x-ray of 
the kidneys after a radiopaque dye has been administered 
intravenonsly. Such an image provides an orientation to the 
relative sizes and positions of the systems main structures. 


Renal pelvis 


The ureters are a pair of nnuscular tubes that extend from the kidneys 
to the urinary bladder—a distanee of about 30 em (12 in.).The ureters 
are retroperitoneal and are firmly attaehed to the posterior abdominal 
vvall.The paths taken by the ureters in men and vvomen are different, 
due to variations in the nature, size, and position of the reproductive 
organs. In males, the base of the urinary bladder lies betvveen the 
rectum and the pubic symphysis. In females, the base of the urinary 
bladder sits inferior to the uterus and anterior to the vagina. 


The urìnary bladder is a hollovv, muscular organ that serves as a 
temporary reservoir for urine. A full urinary bladder ean eontain as 
much as a liter of urine. 




This is a seetional view of a male pelvis showing the 
loeations of the lower eomponents of the nrinary traet. 



This is a seetional view of a female pelvis showing 
the loeations of the lower eomponents of the 


nrinary traet. 



Llreter 


Drinary bladder 


The urethra (plural, urethrae) 


extends from the neek of the 
urinary bladder and transports 
urine to the exterior of the 
body.The urethrae of males 
and females differ in length 
and in function.The male 
urethra transports not only 
urine, but also semen. 



Male 


Female 


Modyle 24.15 Revíew 


a. When does filtrate modifieation and urine production end? 

b. What is a pyelogram? 

e. Hovv does the urethra differ betvveen males and females? 


24.15 Name the organs responsible for the transport, storage, and elimination of urine. 

































Module 24.16 


r 


The ureters, urìnary bladder, and 
urethra are speeíalízed to conduct urìne 



The urinary bladder is filled by the ureters and drained 
by the nrethra. Urinary bladder dimensions vary with its 
state of distension. The bladder s posterior, inferior, and anterior 
snrfaees lie ontside the peritoneal eavity. In these areas, tough 
ligamentous bands anehor it to the pelvie and pubic bones. 


Supportìng Lìgaments 

The lateral umbìlícal lìgaments pass along the 
sides of the bladder to the unnbilicus (navel).These 
fibrous eords are the vestiges of the two umbilical 
arteries, which supplied blood to the plaeenta 
during embryonie and fetal development. 


The míddle umbílìcal 
lìgament extends from 
the anterior, superior 
border toward the 
umbilicus. 



Rugae are folds of 
the urinary bladder 
lining that disappear 
as the bladder fills. 


The ureters penetrate the 
posterior wall of the urinary 
bladder without entering the 
peritoneal eavity.They pass 
through the bladder wall at an 
oblique angle. 


The ureteral openíngs are 

slitlike ratherthan rounded. 
This shape helps prevent the 
backflow of urine toward the 
ureter and kidneys when the 
urinary bladder eontraets. 


The trìgone (TRÌ-gón) is the 
triangular area bounded by 
the ureteral openings and the 
entranee to the urethra. The 
trigone aets as a funnel that 
ehannels urine into the urethra 
when the urinary bladder 
eontraets. 


The region surrounding the 
urethral opening, known as the 
neek of the urìnary bladder, 
eontains a muscular ínternal 
urethral sphineter.The smooth 
muscle fibers of this sphineter 
provide involuntary eontrol over 
the diseharge of urine from the 
bladder. 


Llrethra 


In both sexes, where the urethra passes through the 
urogenital diaphragm, a circular band of skeletal muscle 
forms the external urethral sphíneter. This muscular band 
aets as a valve.The external urethral sphineter, which is 
under voluntary eontrol by the perineal braneh of the 
pudendal nerve, has a resting muscle tone and must be 
voluntarily relaxed to permit urination. 
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The wall of eaeh ureter eonsists of 
three layers: (1) an inner mucosa, 


eomprising a transitional epithelinm 
and the surrounding lamina propria; 
(2) a middle muscular layer made up 
of longitudinal and eirenlar bands 
of smooth muscle; and (3) an outer 
eonneetive tissue layer that is eon- 
tinuous with the fibrous capsule and 
peritonenm. About every 30 seeonds, 
a peristaltie eontraetion begins at the 
renal pelvis and sweeps along the 
ureter, foreing urine toward the 
nrinary bladder. 



Outer eonneetive tissue layer 
Smooth muscle 

Maeosa 

Lamina propria 

Transitional epithelium 



3 


The wall of the nrinary bladder eontains mucosa, submucosa, and 
muscularis layers. The muscularis layer eonsists of inner and outer 


layers of longitudinal smooth muscle, with a circular layer between the 
two. Golleetively, these layers form the powerful detrusor (dè-TRU-sor) 
muscle of the urinary bladder. Gontraetion of this muscle eompresses 
the urinary bladder and expels its eontents into the nrethra. 





Mucosa 

Transitional epithelium 
Lamina propria 

Submucosa 


Viseeral peritoneum 


4 


The nrethral lining eonsists of a stratified epithelinm that varies 
from transitional at the neek of the nrinary bladder, to stratified 


eolnmnar at the midpoint, to stratified squamous near the external 
nrethral orifiee. The lamina propria is thiek and elastie, and the 
mucous membrane has longitndinal folds. Mucin-secreting eells are 
loeated in the epithelial poekets. Gonneetive tissnes of the lamina 
propria anehor the nrethra to surrounding structures. 



Lumen of urethra 

Stratified squamous 
epithelium of mucosa 


Lamina propria eontaining 
mucous epithelial glands 

Smooth muscle 


Module 24.16 Revìew 


a. Llrine istransported by the_, 

stored within the_, and 

eliminated through the_. 

b. What hasto happen totheexternal 
urethral sphineterto allow urination? 

e. The wall oftheurinarybladderis 

eomposed of a speeialized smooth muscle. 
Name it and deseribe its physiologieal role. 


24.16 Deseribe the structures and functions of the ureters, urinary bladder, and urethra. 
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Module 24.17 



llrìnation involves a reflex 
eoordinated by the nervoos system 

Urine reaehes the nrinary bladder by peristaltie eontraetions of the nreters. The proeess 
of nrination is eoordinated by the micturition reflex, a complex proeess involving both 
a loeal reflex pathway and a eentral pathway throngh the eerebral cortex. 







C3 


If eonvenient at the time, the 


person then volnntarily relaxes 
the external nrethral sphineter. 


The afferent fibers 
stinnulate two different 
neurons involved with: 


a loeal pathway, and 
a eentral pathway 






L 








f 
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Afferent fibers in 


the pelvie nerves earry 
the information to the 
saeral spinal eord. 



Start 







The proeess begins with 
distortion of streteh reeeptors in 
the wall of the nrinary bladder 
as nrine volnme inereases. The 
urge to urinate usually appears 
when the nrinary bladder 
eontains about 200 mL of urine. 



C4 


Volnntary relaxation of the external nrethral 
sphineter causes relaxation of the internal nrethral 
sphineter. Beeanse the loeal pathway already has 
inereased pressnres within the nrinary bladder, 
relaxation of these sphineters leads to nrination. 


7 


C2 


Projeetion fibers relay infor- 


mation from the thalamns, delivering 
the sensation of nrinary bladder 
fnllness to the eerebral cortex. 



C1 


An internenron then relays 


the sensation to the thalamns. 


Parasympathetie pre- 
ganglionie motor fibers in pelvie 
nerves earry motor eommands 
baek to the nrinary bladder. 



L4 


Postganglionie nenrons 


in intramnral ganglia stimnlate 
detrnsor muscle eontraetion. 
This inereases hydrostatie 
pressnre in the nrinary bladder. 


Modyle 24.17 Revíew 


a. Deseribe the mietarition reflex. 

b. The sensation of a full bladder is relayed from the 
bladder to the thalamus to the 



Urination occurs 


e. Voluntary relaxation of the external urethral 

sphinctercauses relaxation ofthe internal urethral 
sphineter by what meehanism? 
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24.17 Discuss the roles of loeal and eentral pathways 
in urination, and deseribe the micturition reflex. 




































Module 24.18 


+ 


CLINICAL MODULE 



Llrìnary dìsorders ean often be deteeted by 
physìeal examìnations and laboratory tests 



The primary signs and symptoms 
of nrinary system disorders 
inelnde ehanges in volnme and appear- 
anee of nrine, frequency of urination, 
and pain. The nature and loeation of the 
pain ean provide clues to the source. 


Pain in the superior pubic region 
may be assoeiated with urinary 
bladder disorders. 


2 


eharaeteristie ehanges in nrinary 
output or frequency give clues to 


underlying problems with this system 
or other systems. 



Pain in the superior lumbar region 
or in the flank that radiates to the 
right upper quadrant or left upper 
quadrant ean be caused by kidney 
infeetions such as pyelonephrìtìs, 
or by renal calculí (kidney stones). 


Dysurìa (painful or difficult 
urination) ean occur with eystitis 
or urethritis, or with urinary 
obstructions. In males, enlarge- 
ment of the prostate gland ean 
eompress the urethra and lead 
to dysuria. 


H h 



inereased llrgeney 
or inereased Frequency 


An irritation of the lining 
of the ureters or urinary 
bladder ean lead to the 
strong desire to urinate 
(urgency) with the 
inereased need to 
urinate more often 
(frequency), although 
thetotal amount of 
urine produced eaeh 
day remains normal. 


ehanges ín Llrinary Output 


ehanges in the volume of urine 
produced by a person with 
average fluid intake indieate 
problems either with the 
kidneys or with the eontrol 
of renal function. Polyurìa, 
the production of excessive 
amounts of urine, results from 
hormonal or metabolie 
problems, such as those 
assoeiated with diabetes or 
glomerulonephritis. Olìgurìa (a 
urine volume of 50-500 mL/day) 
and anurìa (0-50 mL/day) are 
eonditions that indieate serious 
kidney problems and potential 
renal failure. 


ineontínenee 


ineontìnenee, an inability 
to eontrol urination 
voluntarily, may involve 
periodie involuntary 
Ìeakage (stress ineonti- 
nenee), or inability to 
delay urination (urge 
ineontinenee)—or a 
continual, slow triekle of 
urinefrom a bladderthat 
is always full (overflow 
ineontinenee). 


Llrínary Retentíon 


In urínary retentíon, 

renal function is normal, 
at least initially, but 
urination does not occur. 
Llrinary retention in 
males eommonly results 
from enlargement of the 
prostate gland and 
eompression of the 
prostatie urethra. 


Important elinieal signs of urinary system disorders include the following: 

♦ Edema. Renal disorders often lead to proteinuria (protein in the urine), 
and if severe, result in generalized edema in peripheral tissnes. Faeial 
swelling, espeeially around the eyes, is eommon. 

♦ Fever. A fever eommonly develops when the nrinary system is infeeted 
by pathogens. Gystitis (nrinary bladder inflammation), usually caused 
by infeetion, may result in a low-grade fever; kidney infeetions, such 
as pyelonephritis, ean prodnee very high fevers. 


Modole 24.18 Revìew 


a. What is the term for painful or difficult 
urination? 

b. Obstruction ofa ureter by a kidney stone 
would interfere with the flow of urine 
between which two points? 

e. Why is urinary obstruction at the urethra 
more dangerous than at the ureter? 


24.18 Deseribe eommon urinary disorders 
related to output and frequency. 
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SECTION 3 Revíew 

L 


Labelìng 

Use the follovving deseriptions to fill in the 
boxes in the micturition reflex diagram. 

sensation relayed to thalamus 

person relaxes external urethral sphineter 

afferent fibers earry information to saeral 
spinal eord 

sensation of bladderfullness 
delivered to eerebral cortex 

streteh reeeptors stimulated 

detrusor muscle eontraetion stimulated 

parasympathetie preganglionie 
fibers earry motor eommands 

internal urethral sphineter relaxes 


Matehíng 



Urination 


occurs 


Mateh eaeh lettered term vvith the most elosely related deseription. 


a. urethra 

b. external urethral sphineter 
e. detrusor 

d. rugae 

e. internal urethral sphineter 

f. trigone 

g. transitional epithelium 

h. micturition 

i. stratified squamous epithelium 

j. external urethral orifiee 

k. middle umbilical ligament 



10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


The ring of smooth muscle in the neekof the urinary bladder 

Triangular area vvithin the urinary bladder 

Relaxation of this muscle leads to urination 

The external opening of the urethra 

Folds lining the surface of the empty urinary bladder 

Superior, supporting fibrous eord of the urinary bladder 

Gontraetion of this smooth muscle eompresses the urinary 
bladder 

The type of epithelium that lines the ureters 
Tube that transports urine to the exterior 
Term for urination 
Epithelium that lines the urethra 




Short answer 

List four primary signs and symptoms of urinary disorders. 




Briefly deseribe the similarities and differenees 
in the follovving pairs of terms. 



eystitis/pyelonephritis 

stress ineontinenee/overflovv ineontinenee 

polyuria/proteinuria 
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GHAPTER 24 REVIEVV • TheUrìnarySystem 



Study Outlìne 


SEGTION 1 • Anatomyof the IJrìnary System 



The nrìnary system organs are the kìdneys, nreters, 
nrìnary bladder, and nrethra p. 923 





The urìnary system 

eliminates excess water, 
salts, and physiologieal 
wastes through urine. 

The kídneys perform the 
excretory functions of the 
urinary system. Llrine is 
eliminated by the urìnary 
traet (ureters, urmary 
bladder, and urethra). 


The functions of the urinary 
system are adjusting blood 
volume and pressure, 
regulating blood plasma 
eoneentrations of ions, 
stabilizing blood pH, 
eonserving nutrients by 
preventing their loss in urine, 

and removing drugs and toxins from the bloodstream. 



24.2 

J 


The kìdneys are paíred retroperìtoneal organs 


p. 924 


4. The hìlum is a medial indentation on the kidney. It is the 
entry point for the renal artery and renal nerves, and an 
exit point for the renal vein and ureters. 

5. The ureters pass inferiorly and eross the anterior surfaces 
of the external iliae artery and vein before emptying into 
the posterior, inferior surface of the urinary bladder. 

6. The kídneys, adrenal glands, and ureters lie between 
the muscles of the posterior body wall and the parietal 
peritoneum, in a retroperítoneal position. 


7. Viseeral organs, the body wall musculature, and the 11 th 
and 12th ribs proteetthe kidneys.The left kidney lies 
slightly superior to the right kidney. 

8. A fìbrous capsule of eollagen fibers eovers the outer 
surface of the kidney. 

9. Perìnephrìe fat surrounds the fibrous capsule. Renal 
faseìa anehors the kidney to surrounding structures. 


24.3 j 


The kìdneys are complex at the gross and mìeroseopìe 
levels p. 926 


10. The fìbrous capsule also lines the renal sinus, an internal 
eavity within the kidney. 

11. The renal cortex is the superficial portion of the kidney. 
The renal medulla extencls from the renal cortex to the 
renal sinus. 

12. A renal pyramìd is a eonieal structure extending from the 
cortex to a tip ealled the renal papìlla. A renal column 

separates adjaeent pyramids. 

13. A mìnor calyx eolleets the urine produced by a single 
kídney lobe. A major calyx is a fusion of 4-5 minor 
ealyees.The renal pelvís eolleets urine from the major 
ealyees and is continuous with the ureters. 


14. Nephrons are mieroseopie functional units of the kidney. 
Approximately 85 pereent of nephrons are eortìeal 
nephrons.The remaining nephrons are Juxtamedullary 
nephrons that have long nephron loops. 


24.4] 


A nephron ìs dìvìded ìnto segments; eaeh segment has 
speeífìe functìons p. 928 


15. A nephron eonsists of a renal corpuscle and a renal 
tubule. 


16. At the renal corpuscle (which eonsists of the glomerular 
capsule and glomerulus), blood pressure forees water 
and dissolved solutes out of the glomerular eapillaries and 
into the capsular spaee. Filtration produces fìltrate that is 
similarto blood plasma. 

17. After modifieation by the renal tubule and eolleeting 
system, the filtrate leaves the kidneys as urine. 

18. The 

proxímal 
convoluted 
tubule (PCT) 

reabsorbs 
nutrients 
from the 

tubular fluìd. The dìstal 
convoluted tubule 

(DCT) further adjusts the 
tubularfluid. 

19. The nephron loop 

establishes an osmotie 
gradient in the renal 
medulla that promotes 
water reabsorption from 
tubularfluid, permitting 
the production of eoneentrated urine. 

20. Eaeh nephron empties into a eolleetíng system of tubes 
(eolleetìng duct and papìllary duct) that performs final 
adjustments to urine volume and eomposition. 



24.5] 


The kìdneys are hìghly vascular, and the cìrculatìon 
patterns are complex p. 930 


21. The pathway of renal blood flow is: renal artery 

segmental arteríes ^ ìnterlobar arterìes -> arcuate 
arteríes ^ eortíeal radíate arterìes afferent 
arteríoles -> glomerulus ^ efferent arterìoles ^ 
perítubular eapìllarìes ^ eortìeal radìate veìns ^ 
arcuate veìns ^ ínterlobar veíns renal veìn. 


SECTION 2 • Overvìew of Renal Physìology 


24.6] 


The kldneys malntaln homeostasls by removlng wastes 
and produclng urlne p. 933 


22. Three solutes excreted in urine are urea (from liver 
breakdown of amino aeids), ereatíníne (from the 
breakdown of ereatine phosphate), and urìcacíd (from the 
reeyeling of the nitrogenous bases of RNA). 

23. The three distinet proeesses of kidney function are 

fìltratìon, reabsorptìon, and seeretìon. 
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GHAPTER 24 REVIEVV • The Urìnary System (continued) 


24. The kidneys produce a fluid (urine) very different from 
other body fluids. Laboratory tests ean measure the 
eoneentration of substances vvithin the urine. 


24.7, 


Fìltratìon, reabsorptìon, and seeretìon occur ìn speeìfìe 
segments of the nephron and eolleetìng system p. 934 


25. Filtration occurs atthe renal corpuscle. 

26. Most segments of the nephron perform a eombination of 
reabsorption and seeretion, but the balanee betvveen the 
tvvo proeesses varies from one segment to another. 

27. Final volume and solute eoneentration of the urine result 
from the interaetion betvveen the eolleeting system and 
the nephron loops. 


24.8 

J 


Flltratlon occurs at the renal corpuscle 


p. 936 


28. Filtration is the vital first step in urine formation. 

29. The afferent arterìole delivers blood from a eortieal 
radiate artery, vvhile the efferent arterìole delivers 
blood to peritubular eapillaries.The efferent arteriole has 
a smaller diameterthan the afferent arteriole, and this 
elevates the blood pressure vvithin the glomerulus. 



30. The juxtaglomerular complex seeretes renin vvhen 
glomerular blood pressure deereases. 

31. Substances passing out of the glomerulus must be small 
enough to pass through the fìltratíon slíts betvveen the 

pedíeels of the podoeytes. 

32. Glomerular eapillaries are fenestrated eapillaries.The 
endothelium eovers a dense layer that along vvith the 
filtration slits forms the fìltratíon membrane. 

33. The primary faetor involved in glomerular fìltration is 
the balanee betvveen hydrostatíe pressure and eolloíd 
osmotíe pressure. 


37. If autoregulation is ineffeetive, eentral regulatìon 
responds by aetivating endoerine and neural meehanisms. 
If GFR does not return to normal, the juxtaglomerular 
complex inereases renin production. 

38. Renin triggers the formation of angiotensin I, vvhieh then 
is aetivated to angiotensin II by angìotensín eonvertíng 
enzyme (ACE) in the eapillaries of the lungs. 

39. Angiotensin II triggers a series of neural responses to 
inerease glomerular pressure, including stimulation of 
thirst eenters, inereased ADH and aldosterone production, 
inereased eardiae output, and inereased sympathetie 
motor tone. 


24.10] 


Reabsorptìon predomìnates along the proxìmal 
convoluted tubule, whereas reabsorptíon and seeretìon 
are often lìnked along the dìstal convoluted tubule p. 940 


40. The proximal convoluted tubule (PCT) reabsorbs more 
than 99 pereent of the glucose, amino aeids, and other 
organie nutrients in the fluid.The PCT also reabsorbs 
sodium, potassium, biearbonate, magnesium, phosphate, 
and sulfate ions. 


41. Only 15 to 20 pereent of the initial filtrate volume reaehes 
the distal convoluted tubule (DCT). In the DCT, sodium 
ions are reabsorbed and exchanged for potassium ions by 
ion pumps that are stimulated by aldosterone. When pH 
deereases, hydrogen ions are exchanged for sodium ions, 
and the DCT also seeretes toxins and drugs. 


24.11 j 


Exchange between the lìmbs of the nephron loop ereates 
an osmotìe eoneentratìon gradìent ìn the renal medulla 

p. 942 


42. The exchange that occurs betvveen the thin deseending 
limb and the thiek aseending limb of the nephron loop is 
ealled countercurrent multìplìcatìon. 

43. Countercurrent refers to the faet that tubular fluid in the 
deseending limb flovvs tovvard the renal pelvis, vvhereas 
tubular fluid in the aseending limb flovvs tovvard the renal 
cortex. 


44. Mnltiplieation referstothefaetthattheeffeetofthe 
exchange inereases as fluid movement continues. 

45. Aetive transport in the thiek aseending limb moves sodium 
and ehloride ions out of the tubular fluid and into the 
peritubular fluid of the renal medulla. 

46. The thin deseending limb is permeable to vvater but 
impermeable to solutes. 

47. As vvater is reabsorbed along the DCT and eolleeting 
duct, the eoneentration of urea gradually inereases in the 
tubularfluid. 


24.9] 


The glomerular fìltratìon rate ìs the amount of fìltrate 
produced eaeh mìnute p. 938 


34. The glomerular fìltratìon rate (GFR) is the amount of 
filtrate the kidneys produce eaeh minute. 

35. GFR is eontrolled by autoregulation at the loeal level, and 
eentral regulation, vvhieh has an endoerine eomponent 
initiated by the kidneys and an autonomic eomponent 
involving the sympathetie division of the ANS. 

36. Through autoregulatìon, the kidneys adjust GFR vvhen 
filtration rate deereases by dilation of the afferent 
arterioles, eontraetion of the mesangial eells, and 
eonstrietion of the efferent arterioles.The result is an 
inerease in glomerular blood pressure and normal GFR. 


24.12] 


Urìne volume and eoneentratìon are hormonally regulated 

p. 944 


48. Water reabsorption may occur passively or by hormonal 
eontrol. Obligatory water reabsorptíon, vvhen vvater 
movements eannot be prevented, occurs in the PCT and 
deseending limb of the nephron loop. 

49. Facultatìve water reabsorptíon, vvhieh is eontrolled 
by antidiuretic hormone (ADH), occurs in the DCT and 
eolleeting system. Aquaporìns in the apieal plasma 
membranes lining the DCT and eolleeting duct enhanee 
the rate of osmotie vvater movement. 


50. An adult typieally produces 1200 mL of urine per day. 
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24.13 


Renal functìon ìs an ìntegratìve proeess ìnvolvìng 
fìltratìon, reabsorptìon, and seeretìon p. 946 


24.16 


The ureters, urìnary bladder, and urethra are speeìalìzed 
to conduct urìne p. 952 


51. The filtrate produced by the renal corpuscle has the same 
osmotie eoneentration as plasma, about 300 mOsm/L 


65. The lateral ymbílìeal ligaments and the míddle 
umbìlical ligament support the urinary bladder. 


52. In the PCT, the aetive removal of ions and organie nutrients 
produces a continuous osmotie flow of water out of the 
tubular fluid. Obligatory water reabsorption in the PCT and 
deseending limb moves water into the peritubular fluid 
leaving highly eoneentrated tubular fluid. 

53. The thiek aseending limb of the nephron loop is 
impermeable to water and solutes.The tubule eells aetively 
transport Na”^ and Cl“ out of the tubule. 

54. Further adjustments in the eomposition of the tubular fluid 
occur in the DCT and the eolleeting system. 

55. Final adjustments of the tubular fluid are made in the 
DCT and the eolleeting system where the level of ADH 
determines the final urine eoneentration. 

56. The vasa reeta absorb the solutes and water reabsorbed 
by the nephron loop, DCT, and the eolleeting ducts. 


24.14 


Renal faìlure ìs a lìfe-threatenìng eondìtìon p. 948 

57. Renal faílure occurs when the kidneys eannot perform the 
excretory functions needed to maintain homeostasis. 

58. In ehronìe renal faílure, kidney function deteriorates 
gradually, and the assoeiated problems accumulate over 
time. 


59. Acute renal faìlure occurs when exposure to toxic drugs, 
renal isehemia, urinary obstruction, or trauma causes 
filtration to slow suddenly or stop. 



Hemodialysis 

maehine 


In hemodíalysìs an artifieial membrane regulates the 
eomposition of blood by means of a dialysis maehine.The 
basie prineiple 
in this proeess, 
ealled dìalysìs, 
is passive 
diffusion aeross 
a seleetively 
permeable 
membrane. 

Diffusion aeross 
the dialysis 
membrane 
takes the plaee 
of normal 
glomerular 
filtration. 



24.17 


SEGTION 3 • Urìne Storage and Elìmìnatìon 


66. The ureters penetrate the posterior wall of the urinary 
bladder at an oblique angle without entering the 
peritoneal eavity.The urethral openíngs are slitlike to help 
prevent the backflow of urine as the bladder eontraets. 

67. The trígone is a triangular area bounded by the urethral 
openings and the entranee to the urethra. It aets like a 
funnel that ehannels urine toward the urethra. Rugae are 
folds of the urinary bladder lining that disappear as the 
bladder fills. 

68. The neekof the 
urínary bladder is the 

region surrounding 
the urethral opening. 

It eontains the smooth 
muscle ínternal 
urethral sphìneter. 

69. Eaeh ureter eonsists 
of three layers: (1) 
an inner mucosa, 
eomprising a 
transitional epithelium 
and the surrounding 
lamina propria; (2) 
a middle muscular 
layer made up of 
longitudinal and circular bands of smooth muscle; and (3) 
an outer eonneetive tissue layer. Peristalsis moves urine 
toward the urinary bladder. 

70. The urinary bladder wall eontains mucosa, submucosa, 
and muscularis layers.The muscularis forms the detrusor 
muscle that eompresses the urinary bladder when it 
eontraets to foree urine into the urethra. 

71. The urethral lining eonsists of a stratified epithelium 
that varies from transitional at the neek of the urinary 
bladder, to stratified columnar at the midpoint, to stratified 
squamous nearthe external urethral orifiee. 



Urìnatìon ìnvolves a reflex eoordìnated by the nervous 
system p. 954 

72. The mícturìtìon ref1ex eoordinates the proeess of 
urination. 

73. Voluntary relaxation of the external urethral sphineter 
causes relaxation of the internal urethral sphineter. 
Because the loeal pathway already has inereased pressures 
within the urinary bladder, relaxation of these sphineters 
leads to urination. 


24.15] 


The urìnary traet transports, stores, and elìmìnates urlne 

p. 951 


61. The urìnary traet is eomposed of the ureters, urinary 
bladder, and urethra. It transports, stores, and eliminates 
urine. 


62. The ureters are a pair of muscular tubes that extend from 
the kidneys to the urinary bladder. 

63. The urìnary bladder is a hollow, muscular organ that 
serves as a temporary reservoir for urine. 

64. The urethra extends from the neek of the urinary bladder 
and transports urine to the exterior of the body. The male 
urethra is longer, and transports semen as well as urine. 


24.18 


Urlnary dlsorders ean often be deteeted by physleal 
examlnatlons and laboratory tests p. 955 


74. The primary signs and symptoms of urinary system 
disorders include ehanges in volume and appearanee of 
urine, frequency of urination, and pain. 

75. Pyelonephrìtìs (kidney infeetion) or renal calculì (kidney 
stones) ean cause pain in the superior lumbar region. 
Dysurìa (painful or difficult urination) ean be caused by a 
variety of reasons. 

76. Proteínurìa (protein in the urine), edema, fever, and 
eystìtìs (urinary bladder inflammation) are all important 
elinieal signs of urinary system disorders. 
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GHAPTER 24 REVIEVV • The Urìnary System (continued) 


ehapter Revìevv Questíons 


Labelíng 


Label the image of a renal corpuscle 
and assoeiated structures shown here. 



True/False 


indieate whether eaeh statement is true or false. 


9 

10 
11 
12 
13 



The urinary traet includes the kidneys, ureters, urinary bladder, and urethra. 
The left kidney lies slightly superior to the right kidney. 

Most nephrons are eortieal nephrons. 

Tubularfluid is no longer modified beyond the DCT. 

Gontraetion of the detrusor muscle moves urine along the ureters, toward 
the urinary bladder. 

The proeess of urination is eoordinated by the micturition reflex. 


9 

10 
11 
12 
13 



IVIultíple ehoíee 


Seleet the eorreet answer from the list provided. 



The basie functional unit of the kidney is the 

Q a) filtration unit. 

Q b) nephron loop. 

Q e) glomerulus. 

Q d) nephron. 



When ADH levels inerease, 

Q a) the amount of water reabsorbed inereases. 

Q b) the amount of water reabsorbed deereases. 

Q e) the DCT beeomes impermeable to water. 

Q d) sodium ions are exchanged for potassium ions. 



Which of the following eonditions would cause an inerease in the 
glomerular filtration rate? 

Q a) eonstrietion of the afferent arteriole 
Q b) eonstrietion of the efferent arteriole 
Q e) deerease in systemie blood pressure 
Q d) deerease in aldosterone and ADH production 
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Which of the following statements best deseribes the aetion of 
aldosterone at the DCT? 


Q a) Aldosterone stimulates aetions that cause the seeretion of 

drugs and toxins from the peritubular fluid. 

Q b) Sodium ions are reabsorbed in exchange for potassium 

ions by ion pumps stimulated by aldosterone. 

Q e) Aldosterone inereases water seeretion. 

Q d) Aldosterone causes glucose to be reabsorbed into the 

peritubular fluid. 



Water reabsorption occurs primarily along the 

Q a) entire length of the nephron loop. 

Q b) aseending limb of the nephron loop and the DCT. 
Q e) PCT and deseending limb of the nephron loop. 

Q d) DCT and eolleeting system. 



In eentral regulation, deereased GFR is eoordinated by the 

Q a) renal corpuscle. 

Q b) juxtamedullary complex. 

Q e) renal pelvis. 

Q d) eerebral cortex. 




























































































Drea is a byproduct of the breakdovvn of 

Q a) amino aeids by the liver. 

Q b) ereatine phosphate in skeletal muscle. 

Q e) the reeyeling of the nitrogenous bases in RNA molecules. 
Q d) glyeogen to glucose. 



VVhieh of the follovving is not a response to angiotensin II? 

Q a) deereased ADH production 

Q b) inereased stimulation of the thirst eenters 

Q e) inereased aldosterone seeretion by the adrenal glands 

Q d) eonstrietion of peripheral arteries and further eonstrietion 

of the efferent arterioles 


Short answer 




Identify and deseribe the three distinet proeesses in urine 
production. 

Deseribe the primary proeess involved in glomerular filtration. 



VVhat is countercurrent multiplication? 


MasteringA&P® 

Aeeess more ehapter study tools online in the MasteringA&P Study Area: 

■ ehapter Quízzes, Ghapter PraetieeTest, Art-labeling Aetivities, 
Animations, MP3 Tutor Sessions, and Gliníeal Case Studies 


■ Praetiee Anatomy Lab 

PAL 


■ interaetive Physiology 

ip. 


■ A&P Flíx 

A&PFUx 


■ PhysioEx 

PhysioEx 





ehapter Integratíon • Applyíng what you have learned 


Melamíne eontamínatíon and food product safety 

For consumers, some troubling developments 
have turned the purity of food and food prodnets, 
for humans and animals alike, from a matter of 
trust into a matter of eoneern. 

In 2007, the nnintentional adnlteration of pet 
food made in China with the nitrogen-eontaining 
indnstrial ehemieal melamine caused pet illnesses 
and deaths in the United States and resnlted 
in massive reealls of eontaminated prodnets. 

In 2008, milk intentionally eontaminated with 
melamine—put there to skew laboratory tests 

that measure nitrogen as an index of the protein eontent in a food or drink powder— 
siekened at least 64,000 ehildren in China, several of whom died. eiearly, vigilanee 
eoneerning our food supply is crucial, even while standards and regnlations are in plaee. 

In the body, melamine eontamination has two major effeets: (1) the formation of 
erystalline masses in the filtrate and/or urine, and (2) aeidifieation of the tubular 
fluid. Resulting elinieal problems range from blood in the urine, to aeid-base 
and eleetrolyte disorders, to nrinary obstrnetion and (in severe eases) 
kidney failnre. 





Propose a línkage between the stated effeets of melamine 
poisoning and the eliníeal problems observed. 

Primary therapeutic options for melamine poisoning 
include ínfusíon of fluíds, dialysís, and medíeatíon. Explaín 
how these optíons address speeifie problems caused by 
melamíne poísoníng, and suggest possible follow-up tests 
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LEARNING OUTCOMES 


These Learning 
Onteomes 
eorrespond 
bynnmberto 
this ehapter's 
modnles and 
indieate what 
you should be 
able to do after 
eompleting 
the ehapter. 

V J 


SEGTION 1 • Fluìd and Eleetrolyte Balanee 


25.1 


r 


Name the body's fluid eompartments, identify the solid eomponents, and summarize 
their eontents. 




Explain what is meant by fluid balanee, and discuss its importanee for homeostasis. 

Explain what is meant by mineral balanee, and discuss its importanee for homeostasis. 

Summarize the relationship between sodium and water in maintaining fluid and 
eleetrolyte balanee. 

Q CLINICALMODULE Explain faetors that eontrol potassium balanee, and discuss 
hypokalemia and hyperkalemia. 


SEGTION 2 • Aeíd-Base Balanee 


25.6 



25.8 


25.9 


25.10 


Deseribe the three elasses of aeids in the body. 

Explain the role of buffer systems in maintaining 
aeid-base balanee and pH. 

Explain the role of buffer systems in regulating the 
pH of the intracellular fluid and the extracellular fluid. 

Deseribe the eompensatory meehanisms involved in 
the maintenanee of aeid-base balanee. 

CLINICALMODULE Deseribe respiratory aeidosis 
and respiratory alkalosis. 







































Module25.1 


SECTION 1 • Fluìd and Eleetrolyte Balanee 



Body eomposìtion may be vievved in terms 

of solids and two fluid eompartments 

ehapter 23 eonsidered the metabolism of the organie eomponents of 
the body. This ehapter takes a broader look at the eomposition of the 
body as a whole. We will foens on the inorganie eomponents: water 
and minerals. Minerals are the inorganie snbstanees that dissoeiate 
in body flnids to form ions ealled eleetrolytes. 



These pie eharts eompare the total body eomposition of adult males and females. 

The greatest variation is in the intracellular fluid (1CF), or eytosol, as a result of 
differenees in the intraeellnlar water eontent of fat (10 pereent) versus skeletal muscle 
(75 pereent). Less striking differenees occur in the extracellular fluid (ECF) values, due to 
variations in the interstitial fluid volume of various tissues and the larger blood volume in 
males versus females. (For simplifieation, plasma refers to blood plasma.) The ECF and ICF 
are ealled £luid eompartments, beeanse they eommonly behave as distinet entities. Beeanse 
eells have a plasma membrane, and aetive transport occurs at the membrane snrfaee, eells 
are able to maintain internal environments quite distinet from that of the ECF. 


MMATER 60 % 


MMATER 5096 




ECF 


Other body 
fluids (<1%) 


Adult males 


^OLIDS 40% 



Other body 
fluids (<1%) 


15 


10 

cr» 


5 


0 

Proteins Lipids Minerals Garbohydrates Miscellaneous 



2 


Solid eomponents make up only 40-50 


pereent of the body mass. This bar graph 
presents an overview of the solid eomponents 
of a 70-kg (154-pound) person with a 
minimnm of body fat. The distribntion was 
obtained by averaging values for males and 
females ages 18-40 years. 


l\/lodule25.1 Revìew 


a. What are minerals? 


In this seetion we will eonsider the exchange of 
water and eleetrolytes between the ECF and ICF, and 
between the body and the external environment. 


b. Name the twofluid eompartments. 

e. How is it that eells are able to maintain 
their internal environments? 


(S) 25.1 Name the body's fluid eompartments, identify the solid eomponents, and summarize their eontents. 
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Module25.2 



Fluìd balanee exìsts 
when water gaíns 
equal water losses 



Your body is in fluíd balanee when its water 
eontent remains stable over time. Water gains 
occur primarily in the digestive traet. Water losses 
occur through many routes, but almost half of 
daily water loss occurs through urination. 


Fluid Balanee 


Source 

Daìly lnput (mL) 

VVater eontent of food 

1000 

VVater consumed as liquid 

1200 

Metabolie water produced during eatabolism 

300 

Total 

2500 

Method of Elímìnatìon 

Daíly Output (mL) 

Drination 

1200 

Evaporation at skin 

750 

Evaporation at lungs 

400 

Loss in feees 

150 

Total 

2500 


2 


This diagram indieates where water 
enters the digestive traet throngh 


ingestion or seeretion, and where it is 
reabsorbed. Only a small amount leaves 
the digestive traet in feees. The sitnation is 
eomplieated by the faet that the aeeessory 
digestive glands are prodneing watery 
seeretions that are mixed with arriving 
food. Most of that seereted water must be 
reeovered along with water gained from 
food and drink. All of this water movement 
involves passive water flow down osmotie 
gradients. Intestinal epithelial eells 
continuously absorb nutrients and ions, 
and these aetivities gradnally deerease the 
solute eoneentration in the lumen of the 
digestive traet and inerease the solute 
eoneentration in the interstitial fluid of the 
lamina propria. As the solute eoneentration 
deereases in the lumen, water moves aeross 
the epithelinm and into the interstitial 
fluid, maintaining osmotie equilibrium. 
Onee within the interstitial fluid, the 
absorbed water is rapidly distributed 
throughout the ECF. 


Dìetary lnput 


Food and drink 2200 mL 


Water Reabsorptìon 


Small intestine 
reabsorbs 8000 mL ^ 


Golon reabsorbs 1250 mL 



Dìgestìve Seeretìons 


Saliva 1500 mL 


Gastrie seeretions 1500 mL 


Liver (bile) 1000 mL 

Panereas (panereatie 
juice) 1000 mL 

Intestinal seeretions 2000 mL 


Golonie mucous seeretions 
200 mL 


150 mL lost 
in feees 
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This diagram illustrates the major faetors that affeet ECF volume. 


3 


Although the eomposition of the ECF and ICF are very different, the two 
are at osmotie equilibrium. Note that the volume of the ICF is larger than that 
of the ECF. The volume of water held within eells represents a signifieant 
reserve that ean prevent sudden ehanges in the solute and water eoneentra- 
tions in the ECF. A rapid water 
movement between the ECF 
and the ICF in response to an 
osmotie gradient is ealled a 
fluid shift. Fluid shifts occur 
rapidly in response to ehanges 
in the osmotie eoneentration of 
the ECF and reaeh equilibrium 
within minntes to hours. This 


ean be an important faetor 
when water intake is restrieted 
but water losses are severe. 


Plasma membranes of tissue eells 


VVater absorbed aeross 
digestive epithelium 

(2200 mL) 




ECF 


V 

VVater lost in urine 
(1200mL) 



VVater vapor lost 
at skin and lungs 
(1150mL) 



VVater lost in 
feees (150 mL) 



VVater seereted 
by sweat glands 
(variable) 




4 


Dehydration develops when water 
losses ontpaee water gains. When you 


lose water but retain eleetrolytes, the osmotie 
eoneentration of the ECF inereases. Osmosis 
then moves water out of the ICF and into the 
ECF until the two solntions are again isotonie. 
At that point, both the ECF and ICF are 
somewhat more eoneentrated than normal, 
and both volnmes are lower than they were 
before the fluid loss. Because the ICF is 
eonsiderably larger than the ECF, the ICF 
is an effeetive water reserve. However, if the 
fluid imbalanee eontinnes nneheeked, the loss 
of water from the ICF will prodnee severe 
thirst, dryness, and wrinkling of the skin. 
Eventnally blood volume and blood pressnre 
may drop to the point at which eirenlatory 
shoek develops. 


Deereased ICF volume 


inereased 
ECF volume 


An osmotie water shift 
from the ICF into the 
ECF restores osmotie 
equilibrium but deereases 
the ICF volume. 


Modyle 25.2 Revíew 


a. Identify routes of fluid loss from the 
body. 

b. Describeafluid shift. 

e. Explain dehydration and its effeet on 
the osmotie eoneentration of blood. 


(S) 25.2 Explain what is meant by fluid balanee, and discuss its importanee for homeostasis. 
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Module25.3 

j 


Mineral balanee ìnvolves balaneing 
eleetrolyte gaíns and losses 



Mineral balanee is the balanee between ion absorption, 
which oeenrs aeross the lining of the small intestine and 
eolon, and ion excretion, which oeenrs primarily by the kidneys. 
Sweat glands are a potential sonree of both water and mineral 
loss, but the rate of seeretion is extremely variable. 



lon Absorptìon 

lon absorption occurs aeross the epithelial 
lining of the small intestine and eolon. 



lon reserves (primarily 
in the skeleton) 



- > 

lon pool in body fluids 




ECF 



lon Excretíon 



Sweat gland 
seeretions 
(seeondary site 
of ion loss) 



Kidneys (primary 
site of ion loss) 


I 



This table lists the meehanisms involved in the absorption 
of major eleetrolytes along the digestive traet. 


Míneral Absorptíon 

Eleetrolyte 

IVIeehanìsm(s) 

Na’^ 

ehannel-mediated diffusion, eotransport, or aetive transport 


Aetive transport 

K+ 

ehannel-mediated diffusion 


Aetive transport 


Aetive transport 

er 

ehannel-mediated diffusion or earrier-mediated transport 

r 

ehannel-mediated diffusion or earrier-mediated transport 

HeOf 

ehannel-mediated diffusion or earrier-mediated transport 

HOf 

ehannel-mediated diffusion or earrier-mediated transport 

po2~ 

Aetive transport 

so2~ 

Aetive transport 
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The body eontains snbstantial reserves of key minerals. This table 
snmmarizes the hmetions of the varions minerals and indieates 


the primary rontes of ion excretion. The amonnt lost eaeh day must 
equal the daily intake if the person is to stay in mineral balanee. 


Mínerals and Mìneral Reserves 


Mìneral 

Functìons 

Total Body Gontent 

Prlmary Route 
of Excretlon 

Reeommended 

Dletary Allowance 
(RDA) (In mg) 

BulkMìnerals 


Sodmm Major eation in body fluids; essential for 110 g, primarily in Drine, sweat, feees 1500 

normal membrane function bodyfluids 


Potassìum 


Major eation in eytosol; essential for 140 g, primarily in Drine 

normal membrane function eytosol 


4700 


ehlorìde 


Major anion in body fluids; functions in 89 g, primarily in body Drine, sweat 2300 

forming HCI fluids 


Calcìum 


Essential for normal muscle and neuron 1.36 kg, primarily in Drine, feees 
function and normal bone structure skeleton 


1000-1200 


Phosphorus In high-energy compounds, nucleic 744 g, primarily in Drine, feees 700 

aeids, and bone matrix (as phosphate) skeleton 


Magnesmm Gofaetor of enzymes, required for 29 g (skeleton, 17 g; Drine 

normal membrane functions eytosol and body 

fluids, 12 g) 


310-400 


Traee Mìnerals 


Iron 


Gomponent of hemoglobin, myoglobin, 3.9 g (1.6 g stored as Drine (traees) 8-18 

and eytoehromes ferritin or hemosiderin) 


Zìne 


Gofaetor of enzyme systems, notably 2 g 
earbonie anhydrase 


Drine, hair (traees) 8-11 


Gopper Required as eofaetor for hemoglobin 127 mg Drine, feees (traees) 0.9 

synthesis 

Manganese Gofaetor for some enzymes 11 mg Feees, urine (traees) 1.8-2.3 


Gobalt Gofaetor fortransaminations; mineral in 1.1 g 

vitamin B -|2 (eobalamin) 


Feees, urine 


0.0001 


Modyle 25.3 Revíew 


a. Define mineral balanee. 

b. Identify the ions absorbed by aetive 
transport. 

e. Explain thesignificanceoftwo 

important body minerals: sodium and 
calcium. 



25.3 Explain what is meant by mineral balanee, and discuss its importanee for homeostasis. 


Seetion 1: Fluid and Eleetrolyte Balanee • 967 





















Module25.4 




VVater balanee depends on sodium balanee 
and the two are regulated simultaneously 


Response to Ghanges in Sodium Levels 

Sodium balanee exists when sodinm gains equal sodium losses. The regulatory 



meehanism involved ehanges the ECF volume but keeps the Na+ eoneentration 
relatively stable. When sodium gains exceed losses, the ECF volume inereases; when sodium 
losses exceed gains, the volume of the ECF deereases. 

The ehanges in ECF volume occur without a signifi- 
eant ehange in the osmotie eoneentration of the ECF. 

These adjnstments cause minor ehanges in ECF 
volume that do not cause adverse physiologieal effeets. 


inereasing blood 
sodium levels 



Deereasing blood 
sodium levels 


ADH Seeretìon inereases 


The seeretion of ADH restriets 
water loss and stimulates 
thirst, promoting additional 
water consumption 




Osmoreeeptors 
in hypothalamus 
stimulated 



r 

If you consume large 
amounts of salt without 
adequate fluid, as when 
you eat salty potato ehips 
without taking a drink, 
the blood Na+ eoneentra- 
tion inereases temporarily 


HOMEOSTASIS 

DISTURBED 


inereased Na”^ 
levels in ECF 



HOMEOSTASIS 

DISTURBED 


Deereased Na”^ 
levels in ECF 


<7 


Reeall of Fluíds 


Because the ECF 
osmolarity inereases, 
water shifts out of the 
ICF, inereasing ECF 
volume and deereasing 
ECF Na"^ eoneentrations 



HOMEOSTASIS 

RESTORED 


Deereased Na 
levels in ECF 


+ 


HOMEOSTASIS 




Normal Na+ 
eoneentration 
inECF 




HOMEOSTASIS 

RESTORED 


inereased Na 
levels in ECF 

A 


+ 


Osmoreeeptors 


_ ^ _ 

VVater loss reduces 

in hypothalamus 


ECF vomme, 

• 

inhibited 

m m m ^ 

eoneentrates lons 



As soon as the osmotie 
eoneentration of the ECF 
drops by 2 pereent or more, 
ADH seeretion deereases, 
so thirst is suppressed and 
water losses by the kidneys 
inerease 



968 • Chapter25: Fluid, Eleetrolyte, and Aeid-Base Balanee 



























































Response to Ghanges ín ECF Volume 


2 


If the ehanges in ECF volnme eansed by distnrbanees in sodinm balanee are 
extreme, the homeostatie meehanisms responsible for regnlating blood volnme 


and blood pressnre will be aetivated. This is the ease beeanse when ECF volnme ehanges, 
so does plasma volnme and, in turn, blood 
volume. If ECF volume rises, blood volume 
goes up; if ECF volume drops, blood 
volume goes down. 


inereasing blood 
pressure and 
volunne 






Deereasing blood 
pressure and 
volume 



Natriuretic peptides 
released by eardiae 
muscle eells 



Responses to Natriuretìc Peptìdes 


inereased Na”^ loss in urine 



inereased water loss in urine 


Deereased thirst 


Inhibition of ADH, aldosterone, epinephrine, 
and norepinephrine release 


inereased blood 
volume and 
atrial distension 



HOMEOSTASIS 

DISTURBED 

inereasing ECF volume by fluid 
gain or fluid and Na”^ gain 


HOMEOSTASIS 


Start 




Deereased blood 
volume and 
blood pressure 



eombíned 

Effeets 


Deereased 

blood 

volume 


Deereased 

blood 

pressure 


HOMEOSTASIS 

RESTORED 

Deereasing ECF 
volume 




Nornnal ECF / ^ ^ 

- - 

HOMEOSTASIS 

\ volunne / 

HOMEOSTASIS 

DISTURBED 


RESTORED 

Deereasing ECF volume by fluid 


inereasing ECF 

loss or fluid and Na+ loss 


volume 


Endoerìne Responses 


eombìned Effeets 

inereased renin seeretion and 


inereased urinary Na”^ retention 

angiotensin II aetivation 


Deereased urinary water loss 

inereased aldosterone release 


inereased thirst 

inereased ADH release 

inereased water intake 


Sustained abnormalities in the Na+ eoneentration in the ECF occur 
only when there are severe problems with fluid balanee. When the Na+ 
eoneentration of the ECF falls below 136 mEq/L, a state of hyponatremia 
{natriumj sodium) exists; this ean be caused by excessive water intake 
(overhydration) or inadequate salt intake. When body water eontent 
deelines, the Na+ eoneentration rises; when that eoneentration exceeds 
145 mEq/L, hypernatremia exists; dehydration is the most eommon 
cause. Both eonditions are serions and potentially life-threatening. 


Modole 25.4 Revìew 


a. What effeet does inhibition ofosmo- 
reeeptors have on ADH seeretion and thirst? 

b. What effeet does aldosterone have on 
sodium ion eoneentration in the ECF? 

e. Briefly summarize the relationship between 
sodium ion eoneentration and the ECF. 


25.4 Summarize the relationship between sodium and 
water in maintaining fluid and eleetrolyte balanee. 
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Module25.5 


CLINICAL MODULE 


+ 


r 


Dìsturbances of potassìum balanee are 
uncommon but extremely dangerous 



This diagram 
indieates the major 
faetors involved in 
potassíum balanee. The 
key faetors in maintaining 
potassinm balanee are 
(1) the rate of K+ entry 
aeross the digestive 
epithelinm and (2) the 


Faetors Controllìng Potassìum Balanee 

Approximately 

100 mEq (1.9-5.8 g) 
of potassium ions 
are absorbed by 
the digestive traet 
eaeh day. 

About 98 pereent 
of the potassium 
eontent of the 
human body is in 
the ICF, rather than 
the ECF. 

The K+ eoneentration in the ECF 
is relatively low.The rate of K+ 
entry from the ICF through leak 
ehannels is balaneed by the rate 
of K+ reeovery by the Na+/K+ 
exchange pump. 

When potassium 
balanee exists, the 
rate of urinary K+ 
excretion matehes 
the rate of digestive 
traet absorption. 


rate of K+ loss into nrine. 


KEY 






K+ 


= Absorption 

= Seeretion 

= Diffosion throogh leak 
ehannels 


The potassium ion 
eoneentration in the ECF 
is approximately 5 mEq/L 



á 




K+ 





The potassium ion 
eoneentration in the 
ICF is approximately 
135 mEq/L 



Renal K+ losses are 
approximately 100 
mEq per day. 


2 


Beeanse dietary intake is relatively eonstant, the kidneys 


are the main faetor determining the K+ eoneentration in 
the ECF. Potassinm loss by the kidneys is regnlated by eontrol- 
ling the aetivities of ion pnmps along the distal portions of the 
nephron and eolleeting system. The aetivity of these pnmps is 
regnlated by eirenlating levels of aldosterone. Aldosterone 
stimnlates Na+ reabsorption 
while simnltaneonsly 
aeeelerating K+ 
excretion (Modnle 
24.10, p. 941). 


The primary meehanism of 
potassium seeretion involves 
an exchange pump that 
ejeets potassium ions while 
reabsorbing sodium ions. 



K+ 


Tubular 

fluid 



= Aldosterone- 
sensitive exchange 
pump 


Sodium-potassium 
exchange pump 




ECF 



The sodium ions are then pumped out 
of the eell in exchange for potassium 
ions in the ECF. This is the same pump 
that ejeets sodium ions entering the 
eytosol through leak ehannels. 
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3 


Potassium balanee does not 
occur in isolation. For example, 


aldosterone seeretion 
inereases in response 
to either high blood 
K+ eoneentrations 
or a deeline in 
ECF sodium levels. 

However, disturbances 
of aeid-base balanee ean disrnpt 
potassinm balanee by affeeting the 
aldosterone-sensitive pumps (Module 
24.13, p. 947). 



Dnder normal eonditions, the 
aldosterone-sensitive pumps 
exchange in the ECF for 
Na”^ in the tubular fluid.The 
net result is a rise in blood 
sodium levels and inereased 
loss in the urine. 


When the pH falls in the ECF 
and the eoneentration of is 
relatively high, the exchange 
pumps bind H”^ instead of K”^. 
This helps to stabilize the pH 
of the ECF, but at the eost of 
inereasing K”^ levels in the ECF. 


The diagram below indieates major faetors involved in distnrbanees of potassinm 
balanee. The normal range of K+ eoneentration in the ECF is 3.5-5.0 mEq/L. 
Variations ontside of that range are unusual and potentially dangerons. 



When the blood eoneentration of potassium falls below 2 mEq/L, 
extensive muscular weakness develops, followed by eventual 
paralysis.This eondition, ealled severe hypokalemìa {kalium, 
potassium), is potentially lethal due to its effeets on the heart. 


Faetors Promotíng Hypokalemìa 

Several diuretics 
ean produce 
hypokalemia by 
inereasing the 
volume of urine 
produced. 

The endoerine disorder 
ealled aldosteronìsm, 

eharaeterized by excessive 
aldosterone seeretion, 
results in hypokalemia by 
overstimulating sodium 
retention and potassium loss. 


Normal 
potassium 
levels in blood 
(3.5-5.0 mEq/L) 


High K”^ eoneentrations in the blood produce an 
equally dangerous eondition known as hyperkalemía. 
Severe hyperkalemia occurs when K”^ eoneentration 
exceeds 7 mEq/L, which results in eardiae arrhythmias. 


Faetors Promoting Hyperkalemía 

ehronieally 
low blood pH 
promotes 
hyperkalemia by 
interfering with 

K”^ excretion by 
the kidneys. 

Kidney failure 
due to damage 
or disease will 
prevent normal 

K”^ seeretion and 
thereby produce 
hyperkalemia. 

Several drugs promote 
urination by bloeking Na”^ 
reabsorption by the kidneys. 
When sodium reabsorption 
slows down, so does 
potassium seeretion, and 
hyperkalemia ean result. 


Treatment for hypokalemia generally includes inereasing 
dietary intake of potassium by salting food with potassium salts 
(KC1) or by taking potassium tablets, such as Slow-K. Treat- 
ment for hyperkalemia typieally includes diluting the ECF 
with a solntion low in K^, stimnlating K^ loss in urine by 
using dinreties such as LasiXj adjusting the pH of the ECF, 
and restrieting dietary K^ intake. In eases resnlting from 
renal failnre, kidney dialysis may also be required. 


Modyle 25.5 Revíew 


a. What organs are primarily responsible 
for regulating the potassium ion 
eoneentration in the ECF? 

b. Identify faetors that cause potassium 
excretion. 

e. Define hypokalemia and hyperkalemia. 


25.5 Explain faetors that eontrol potassium balanee, 
and discuss hypokalemia and hyperkalemia. 
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SEGTION 


R e V í e w 




Matehíng 

Mateh eaeh lettered term with the most elosely related deseription. 


f. 


J- 

k. 


kidneys 

1 

Monitor blood osmotie eoneentration 

1 

potassium 

2 

VVater gain = water loss 

2 

fluid eompartments 

3 

Major eomponents of ECF 

3 

fluid balanee 

4 

Dominant eation in ECF 

4 

hypertonie blood plasma 

5 

Hormone that restriets water loss and stimulates thirst 

5 

dehydration 

6 

Caused by overhydration 

6 

aldosterone 

7 

Dominant eation in ICF 

7 

plasma, interstitial fluid 

osmoreeeptors 

fluid shift 

hypokalemia 

ADH 

hyponatremia 

8 

leFand ECF 

8 

9 

Most important sites of sodium ion regulation 

9 

10 

VVater movement between ECF and ICF 

10 

11 

VVater moves from eells into ECF 

11 

12 

Result of aldosteronism 

12 

13 

VVater losses greater than water gains 

13 

14 

Regulates sodium ion absorption along distal convoluted 

14 

sodium 


tubule and eolleeting system 



Mnltìple ehoìee 


Seleet the eorreet answer from the list provided. 



Nearly two-thirds of the total body water eontent is 

Q a) extracellularfluid (ECF). 

Q b) intracellularfluid (ICF). 

Q e) tissuefluid. 

Q d) interstitial fluid. 



Eleetrolyte balanee involves balaneing the rates of absorption aeross 
the digestive traet with rates of loss at the 

Q a) heart and lungs. 

Q b) stomaeh and liver. 

^ e) kidneys and sweat glands. 

^ d) panereas and gallbladder. 



If the ECF is hypertonie with respeet to the ICF, water will move 

Q a) from the ECF into eells until osmotie equilibrium is restored. 
Q b) from eells into the ECF until osmotie equilibrium is restored. 
Q e) in both direetions until osmotie equilibrium is restored. 

Q d) in response to the sodium-potassium exchange pump. 



VVhen pure water is consumed, the ECF 

Q a) beeomes hypotonie with respeet to the ICF. 
Q b) beeomes hypertonie with respeet to the ICF. 
Q e) beeomes isotonie with respeet to the ICF. 

Q d) eleetrolytes beeome more eoneentrated. 



Physiologieal adjustments affeeting fluid and eleetrolyte balanee are 
mediated primarily by 

Q a) antidiuretic hormone. 

Q b) aldosterone. 

Q e) natriuretic peptides. 

Q d) all ofthe above 



VVhen water is lost but eleetrolytes are retained, the osmolarity of 
the ECF rises, and osmosis then moves water 

Q a) out ofthe ECF and into the ICF. 

Q b) baek and forth between the ICF and ECF. 

Q e) out ofthe ICF and into the ECF. 

Q d) none of the above 


Seetìon ìntegratìon 

Malia, a nursing student, has been earing for burn patients. She notiees that they eonsistently show elevated levels 
of potassium in their urine and wonders why. VVhat would you tell her? 



972 

































































































Module25.6 


SEGTION 2 • Aeíd-Base Balanee 



There are three elasses of aeids in the body 

Your body is in aeid-base balanee when the production 
of hydrogen ions is preeisely oífset by their loss, and when 
the pH of body fluids remains within normal limits. 


This diagram shows the major faetors involved 
in maintaining aeid-base balanee. The primary 
ehallenge to homeostasis is that your body generates a 
variety of aeids during normal metabolie operations, 
and a signifieant deerease in body fluid pH must be 
prevented. The respiratory and nrinary systems, and 
bnffer systems in the ICF and ECF, play important 
homeostatie roles in aeid-base balanee. 

Aetive tissues continuously 
generate earbon dioxide (GO^), 
which in solution forms 
earbonie aeid (H^GO^) that 
immediately dissoeiates into a 
hydrogen ion and a biearbonate 
ion (H"^ + HGO^”). Additional 
aeids, such as laetie aeid, are 
produced in the course of 
normal metabolie operations. 



Tissue eells 


eo 


2 


H 


+ 




The respiratory system plays 
a key role by eliminating 
earbon dioxide. 


Buffer systems ean 
temporarily store hydrogen 
ions and thereby provide 
short-term pH stability. 


The kidneys play a major 
role by seereting hydrogen 
ions into the urine and 
generating buffers that 
enter the bloodstream. 

The rate of excretion rises 
and falls as needed to 
maintain normal blood pH. 
As a result, the normal pH 
of urine varies widely but 
averages 6.0—slightly 
aeidie. 



There are three elasses of aeids 
that ean threaten pH balanee. 



Fìxed Aeìds 

1 OrganìeAeids 


Volatile Aeids 

Fìxed aeids are aeids that do not leave solution; 
onee produced, they remain in body fluids until 
they are eliminated at the kidneys. Sulfuric aeid 
and phosphorie aeid are the most important fixed 
aeids in the body.They are generated in small 
amounts during the eatabolism of amino aeids 
and compounds that eontain phosphate groups, 
including phospholipids and nucleic aeids. 


Organìe aeids are aeid partieipants in, or by- 
products of, cellular metabolism. Important 
organie aeids include laetie aeid (produced 
by the anaerobie metabolism of pyruvate) 
and ketone bodies (synthesized from 
acetyl-CoA). Llnder normal eonditions, most 
organie aeids are metabolized rapidly, so 
signifieant accumulations do not occur. 

Volatile aeids ean leave 
the body by entering the 
atmosphere at the lungs. 
Garbonie aeid (H^GO^) is 
a volatile aeid that forms 
through the interaetion 
of water and earbon 
dioxide. 


Modyle 25.6 Revíew 


a. When is your body in aeid-base balanee? 

b. What is the primary ehallenge to aeid-base 
homeostasis? 

e. Namethethreeelassesofaeidsthatthreaten pH 
balanee. 


(S) 25.6 Deseribe the three elasses of aeids in the body. 
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Module25.7 

j 


Potentìally dangerous disturbances ìn aeìd-base 
balanee are opposed by buffer systems 

The topie of pH and the 
ehemieal natnre of aeids, 
bases, and bnffers was introdneed 
in Modnle 2.12 (p. 64). This table 
reviews key terms important to 
the disenssion that follows. 


Aeídíe 

A solution with a pH below 7; in this solution, hydrogen ions predominate 

Basíe (alkaline) 

A solution with a pH above 7; in this solution, hydroxide ions predominate 

Aeìd 

A substance that dissoeiates to release hydrogen ions, deereasing pH 

Base 

A substance that dissoeiates to release hydroxide ions or to remove hydrogen 
ions, inereasing pH 

Salt 

An ionie compound eonsisting of a eation other than a hydrogen ion and an 
anion other than a hydroxide ion 

Buffer 

A substance that tends to oppose ehanges in the pH of a solution by 
removing or replaeing hydrogen ions; in body fluids, buffers maintain blood 
pH within normal limits (7.35-7.45) 



A Revievv of ImportantTerms Relatíng to Aeid-Base Balanee 


PH The negative exponent (negative logarithm) of the hydrogen ion eoneentration 

[H+] in a solution 


Neutral A solution with a pH of 7; the solution eontains equal numbers of hydrogen ions 

(H+) and hydroxide ions (0H“) 


The pH of the ECF normally remains within relatively narrow limits, nsnally 
7.35-7.45. Any deviation from the normal range is extremely dangerons, beeanse 
ehanges in H+ eoneentrations disrnpt the stability of plasma membranes, alter the 
strnetnre of proteins, and ehange the aetivities of important enzymes. You could not 
snrvive for long with an ECF pH below 6.8 or above 7.7. In praetiee, deereases in pH 
are much more eommon than inereases, beeanse several aeids, inelnding earbonie aeid, 
are generated by normal eellnlar aetivities. Any shift in 
pH affeets virtnally all body systems, but the nervous and 
eardiovasenlar systems are partienlarly sensitive to pH 

fluctuations. The pH of the ECF 




When the pH of blood deereases 
below 7.35, aeìdemìa exists. The 
physiologieal state that results is 
ealled aeìdosìs. 


I 


normally ranges 
from 7.35 to 7.45. 


When the pH of blood inereases 
above 7.45, alkalemìa exists. 
The physiologieal state that 
results is ealled alkalosìs. 



Á 




Extremely 

aeidìe 


0 



1 


2 


3 


4 


5 


6 


7 


8 




Extremely 

basie 






9 


10 


11 


12 


13 



14 


Severe aeidosis (pH below 7.0) ean be deadly because 
(1) eentral nervous system function deteriorates, and 
the person may beeome eomatose; (2) eardiae eontrae- 
tions grow weak and irregular, and signs and symptoms 
of heart failure may develop; and (3) peripheral 
vasodilation produces a dramatie drop in blood 
pressure, potentially producing circulatory eollapse. 


Severe alkalosis is also dangerous, 
but serious eases are relatively rare. 
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The partial pressure of earbon dioxide ) in blood is the most 


important faetor affeeting the pH of body tissues because earbon 
dioxide eombines with water to form earbonie aeid (H^GO^). Beeanse 
most of the earbon dioxide in solntion is eonverted to earbonie aeid 
by earbonie anhydrase, and most of the earbonie aeid dissoeiates into 
hydrogen ions and biearbonate ions, there is an inverse relationship 
between the and pH. 


Pc02 


pH 

40-45 
mm Hg 

HOMEOSTASIS 

7.35-7.45 


I 



H 2 O + C02 -> H^eOs-í- H+ + HC03 

When earbon dioxide levels inerease, more earbonie aeid 
forms, additional hydrogen ions and biearbonate ions are 
released, and the pH deereases. 



H+ + HeOs 


H^eO, 


H^O + eO^ 


When the deereases, the reaetion runs in reverse, and 
earbonie aeid dissoeiates into earbon dioxide and water.This 
removes H+ ions from solution and inereases the pH. 



A buffer system in body fluids generally 


4 


eonsists of a eombination of a weak aeid (HY) 
and the anion (Y“) released by its dissoeiation. The 
anion fnnetions as a weak base. In solntion, moleenles 
of the weak aeid exist in equilibrium with its dissoeia- 
tion prodnets. In ehemieal notation, this relationship 
is represented as: 


Adding H+ to the solntion 
upsets the equilibrium and 
resnlts in the formation of 
additional moleenles of the 
weak aeid. 


Removing H+ from the solntion 
also upsets the equilibrium and 
resnlts in the dissoeiation of 
additional moleenles of HY. 
This releases H+. 


l-IV 

-^ U+ -L V- 


H+ 


H+ + HY H+ + Y- 

H+ 

n Y — 

- n “h Y 


H+ + Y- H+ + HY 



Modyle 25.7 Revìew 


a. Defineaeidemia and alkalemia. 

b. What is the most importantfaetor 
affeeting the pH of the ECF? 

e. Summarize the relationship between 

levels and pH. 


(S) 25.7 Explain the role of buffer systems in maintaining aeid-base balanee and pH. 
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Module25.8 





The body has three major buffer systems, eaeh with slightly different 
eharaeteristies and distributions. Althongh buffer systems ean bind excess 
H+, they provide only a temporary solntion to an aeid-base imbalanee. The 
hydrogen ions are not eliminated, but merely rendered harmless. In the 
proeess, a buffer molecule is tied up, and the supply of buffers is limited. 


Buffer Systems 


exist in 



Phosphate Buffer 1 

1 

Proteín Buffer Systems 


Garboníe Aeid- 
Bíearbonate Buffer System 

System 1 

Protein buffer systems contribute to the regulation of pH in the 
ECF and ICF.These buffer systems interaet extensively with the 
other 


The phosphate 
buffer system has 

an important role in 
buffering the pH of 
the ICF and of urine. 



The earbonìe aeid- 
biearbonate buffer 
system is most 
important in the ECF. 


1 

Hemoglobin buffer Amino aeid buffers Plasma protein 

system (RBCs only) (All proteins) buffers 




2 


The hemoglobin bnffer system is the only intraeellnlar bnffer system that 
ean have an immediate effeet on the pH of body fluids. In the tissnes, red 


blood eells absorb earbon dioxide from the plasma and eonvert it to earbonie 
aeid. As the earbonie aeid dissoeiates, the hydrogen ions are bnffered by hemo- 
globin proteins. At the lungs, the entire reaetion sequence proeeeds in reverse 
and the GO^ diffnses into the alveoli for exhalation (Module 21.14, p. 812). 


Tissue 

eells 


Plasma 



eo 


2 



Plasma 


Lungs 


Released 


exhalation 
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Protein bnffer systems prevent signifieant pH ehange, nsnally by 


binding excess hydrogen ions (H+). These bnffer systems depend 
on the ability of amino aeids to respond to pH ehanges by aeeepting or 
releasing H+. Eaeh amino aeid has a speeifie pH (nsnally less than 7) at 
which the carboxyl gronp has released a hydrogen ion and the amino 
gronp has bonnd one. This form, which has no net ionie eharge, is ealled a 
zwitterion, In solntions above pH 7, the amino gronp (NH^), carboxylate 
gronp (COO“), and side gronp (R) of 


most free amino aeids ean aet as bnffers. 
The nnderlying meehanism is shown 
here. However, in a protein, most of the 
carboxylate and amino gronps in the 
main ehain are tied up in peptide 
bonds. Only the exposed amino 
group and carboxylate group at 
either end of a protein are available 


inereasing aeidity (deereasing pH) 



H 


H 


O 


H 


H 


O 


\ 

H —N 

/ 


e 


e 


// 


\ 



\ 

H+— N 

/ 


e 


e 


// 


H 


RH+ 


OH 


H+ 


H+ 


\ 


H 


R 


O 




Normal pH 

(7.35-7.45) 


H 


H 


O 


\ 

I 

/ 


N 


e 


e 


// 


\ 


H 


R 


O 


as bnffers. Thus, most of the 
buffering eapaeity of proteins is 
provided by the R-groups of the 
eomponent amino aeids. 


Amino aeid (zwitterion) 

If pH deereases, the carboxylate group (COO“) 
and the amino group (-NH^) of an amino 
aeid ean aet as weak bases and aeeept 
additional hydrogen ions, forming a carboxyl 
group (-COOH) and an amino ion (-NH^”^), 
respeetively. Many of the R-groups ean also 
aeeept hydrogen ions, forming RH"^. 


At the normal pH of 
body fluids (7.35-7.45), 
neither the carboxylate 
groups (COO“) northe 
amino groups (-NH^) 
of most amino aeids are 
bound to hydrogen ions. 


4 


The earbonie aeid-biearbonate bnffer system involves 
freely reversible reaetions. A ehange in the eoneentration 


of any partieipant affeets the eoneentrations of all other 
partieipants and shifts the direetion of the reaetions under way. 


BIGARBONATE RESERVE 

Body fluids eontain a large reserve of HeO^ 
primarily in the form of dissolved molecules 
of the weak base sodium biearbonate 



C02 + H 2 O 



Metabolie aeid-base disorders result from the production or loss of 
excessive amounts of fixed or organie aeids. The primary role of the 
earbonie aeid-biearbonate bnffer system is to proteet against such 
disorders. Respiratory aeid-base disorders result from an imbal- 
anee between the rate of GO^ generation and the rate of GO^ elimina- 
tion at the lungs. The earbonie aeid-biearbonate buffer system 
eannot proteet against respiratory disorders; the imbalanees must be 
eorreeted by reflexive ehanges in the depth and rate of respiration. 


Modyle 25.8 Revíew 


a. Identify the body's three major buffer 
systems. 

b. VVhieh fluids are buffered by the 
phosphate buffer system? 

e. Deseribetheearbonieaeid- 
biearbonate buffersystem. 


25.8 Explain the role of buffer systems in regulating the 
pH of the intracellularfluid and the extracellular fluid. 
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Module25.9 



The homeostatìe responses to metabolie aeidosis 
and alkaiosis invoive respiratory and renai 
meehanisms as well as buffer systems 


Responses to Metabolie Aeidosís 



Metabolie aeídosís develops when large nnmbers of hydrogen ions are released by 
organie or fixed aeids, and the pH deereases. For homeostasis to be preserved, the 
excess H+ must either be permanently bound throngh the formation of water (linked to 
the formation of GO^ that ean 
be eliminated by the lungs), 


or removed from body fluids 
through seeretion by the kidneys. 



Start 





C02 + H 2 O 


Respìratory Response 
to Aeìdosìs 


inereased respiratory 
rate deereases Peo^f 
effeetively eonverting 
earbonie aeid molecules 
to water. 


GARBONie ACID-BICARBONATE BUFFER SYSTEM 



H^eO 


3 


(earbonie aeid) 


Other 
buffer 
systems 
absorb H+ 



BieARBONATE RESERVE 


Seeretion 


of H 


+ 


HC 03 " + Na+ 



NaHC 03 

(sodiunn biearbonate) 


Generation 


ofHeO 


3 


Renal Response to Aeidosìs 


Kidney tubules respond by (1) seereting H+ ions, 
(2) removing eo^, and (3) reabsorbing HeO^’to 
help replenish the biearbonate reserve. 


Renal tubule eells seerete H+ 
into the tubular fluid along the 
proximal eonvolnted tubule (PCT), 
the distal convoluted tubule (DCT), 
and the eolleeting system. They also 
bolster the eapabilities of the 
earbonie aeid-biearbonate buffer 
system by inereasing the 
eoneentration of biearbonate ions in 
the ECF, replaeing those pulled from 
the biearbonate reserve. 




Tubular 

fluid 



Renal tubule eells 




C02 

+ 






Ý 


earbonie 
anhydrase 


H^eO^ 



Steps ìn H''' removal and 
HeÒj” productìon 


eo^ generated by the tubule 
eell is added to the eo^ 
diffusing into the eell from 
the urine and from the ECF. 


earbonie anhydrase eonverts 
eo^ and water to earbonie 
aeid, which then dissoeiates. 

5 

The ehloride ions exchanged 
for biearbonate ions are 
excreted in the tubular fluid. 

■ 

Biearbonate ions and sodium ! 
ions are transported into the 
ECF, adding to the 
biearbonate reserve. 
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Responses to Metabolìe Alkalosìs 


3 


Metabolie alkalosís develops when large nnmbers of hydrogen ions are removed 


from body flnids, resnlting in a rise in pH. When this oeenrs, (1) the rate of 
seeretion by the kidneys deelines, (2) tubule eells do not reelaim the biearbonates in 
tubular fluid, and (3) the eolleeting system 
transports HGO^” into tubular fluid while 
releasing a strong aeid (HC1) into the ECE 


Start 




C02 + H 2 O 


Respìratory Response 
to Alkalosìs 


Deereased respiratory 
rate elevates , 

effeetively eonverting 
eo^ nnolecules to 
earbonie aeid. 


GARBONie ACID-BICARBONATE BUFFER SYSTEM 



H^eOs 

(earbonie aeid) 


HC 03 - 

(biearbonate ion) 


Generation 
of H+ 


KIDNEYS 


BieARBONATE RESERVE 


HC 03 -+Na 


+ 



NaHC 03 

(sodiym biearbonate) 


release H+ i 

1 ki| 


Renal Response to Alkalosís 


iD ' 

Kidney tubules respond by eonserving 



H+ ions and seereting HeO^" 

Seeretion 



ofHeO 


3 


4 


Tubule eells seerete 
biearbonate ions into 


the tubular fluid along the 
proximal eonvolnted tubule 
(PCT), the distal convoluted 
tubule (DCT), and the 
eolleeting system. They also 
move H+ ions into the ECE. 



\ 








\ 


Tubular 

fluid 


Renal tubule eells 


eo 


HCO 


C02 
+ 

H.O 


Ý 


earbonie • 
anhydrase 


H^eOa 



HCO 


H 


+ 


ECF 


eo 



H 


+ 


Cl 


Steps ín HC 03 removal 
and H'^ productíon 


eo^ generated by the tubule eell 
is added to the eo^ diffusing into 
the eell from the tubular fluid and 
from the ECF. 


earbonie anhydrase eonverts eo^ 
and water to earbonie aeid, which 
then dissoeiates. 


The hydrogen ions are aetively 
transported into the ECF, 
aeeompanied by the diffusion 
of ehloride ions. 


HeO^- is pumped into the tubular 
fluid in exchange for ehloride ions 
that will diffuse into the ECF. 


Modyle 25.9 Revìew 


a. Deseribemetabolieaeidosis. 


b. Deseribemetaboliealkalosis 


e. If the kidneys are eonserving HeOs- and 
eliminating H”^ in aeidie urine, which is 
occurring: metabolie alkalosis or metabolie 
aeidosis? 


25.9 Deseribe the eompensatory meehanisms 
involved in the maintenanee of aeid-base balanee. 
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Module 25.10 


CLINICAL MODULE 


+ 


Respiratory aeíd-base dísorders are the most 
eommon ehallenges to aeìd-base balanee 

Respiratory aeid-base disorders result from an imbalanee between the rate 
of eO^ generation in body tissues and the rate of GO^ elimination at the lungs. 


Respiratory Aeidosis 


Respiratory aeid-base disorders eannot be eorreeted, even temporarily, by 
the earbonie aeid-biearbonate bnffer system. If the rate of GO^ generation 
exceeds the rate of GO^ removal, the eondition of respiratory aeidosis develops. 
Respiratory aeidosis is relatively eommon and may be life-threatening. 




C02 + H 2 O 


GARBONie ACID-BICARBONATE BUFFER SYSTEM 



H^eO 


3 


(earbonie aeid) 



+ 


HCO 


3 


(biearbonate ion) 



BieARBONATE RESERVE 


HeOs' + Na 


+ 


NaHCO 


3 


(sodiym biearbonate) 




VVhen respiratory aetivity does not keep 
paee with the rate of eo^ generation, alveolar 
and blood inereases.This upsets the 

equilibrium and drives the reaetion to the 
right, generating additional H^eO^, which 
releases H”^ and deereases blood pH. 




As biearbonate ions and hydrogen ions 
are released through the dissoeiation of 
earbonie aeid, the excess biearbonate ions 
beeome part of the biearbonate reserve. 


To limit the pH effeets of respiratory 
aeidosis, the excess H+ must either be"tied 
up" by other buffer systems or seereted by 
the kidneys.The underlying problem, 
however, eannot be eliminated without 
an inerease in the respiratory rate. 


2 


This flowchart summarizes 


the integrated homeostatie 
responses to respiratory aeidosis. 


inereased 


P 


eo 




inereased P^o^ results 
in deereased blood pH 



HOMEOSTASIS 

DISTURBED 

Hypoventilation 
causing inereased Poo 


Responses to Aeìdosìs 

Respiratory eompensatíon 

Stimulation of arterial and CSF 
ehemoreeeptors results in inereased 
respiratory rate 


Renal eompensatíon 


H”^ seereted and HCO 
generated 


3 


Buffer systems other than the earbonie 
aeid-biearbonate system aeeept H”^ 






eombìned Effeets 

Deereased Poo^ 


Deereased H”^ and 
inereased HeO^” 


Start 




HOMEOSTASIS 

RESTORED 

Blood pH 
returns to normal 
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Respiratory Alkalosis 



If the rate of GO^ elimination exceeds the rate of GO^ generation, the eondition of respiratory 
alkalosis develops. Respiratory alkalosis is relatively uncommon and rarely severe. 



C02 + H 2 O 


GARBONie ACID-BICARBONATE BUFFER SYSTEM 



H^eO 


3 



(earbonie aeid) 



+ 


HCO 


3 


< 



(biearbonate ion) 


BieARBONATE RESERVE 

1=1 HC 03 ' + Na+ . NaHeO^ 

(sodiym biearbonate) 




If respiratory aetivity exceeds the rate of eo^ 
generation, alveolar and blood deereases, 

and this distnrbs the equilibriunn and drives the 
reaetions to the left, removing H+ and inereasing 
blood pH. 


[2 



L. 



As biearbonate ions and hydrogen 
ions are removed in the formation of 


earbonie aeid, the biearbonate ions- 
but not the hydrogen ions—are 
replaeed by the biearbonate reserve. 


4 


The homeostatie responses to respiratory alkalosis are summarized 
in this flowchart. Most eases are related to anxiety, and the resulting 


hyperventilation is self-limiting—the person often faints and the respiratory 
rate then deereases to normal levels. One eommon treatment 
is to have the person breathe in and out of a paper bag; 
the rising GO^ level in the reeyeled air inereases 
blood eliminates the alkalosis. 


HOMEOSTASIS 

DISTURBED 


Hyperventilation 
causing deereased P^o 



Respíratory Alkalosìs 

Deereased Peo^ results 
in an inereased blood pH 


Deereased 


P 


eo 





Start 




HOMEOSTASIS 

RESTORED 


Blood pH 
returns to normal 



Responses to Alkalosìs 


Respiratory eompensatíon 

Inhibition of arterial and CSF 
ehemoreeeptors results in a deereased 
respiratory rate 


Renal eompensatíon 



eombined Effeets 


inereased Poo 


inereased H”^ and 
deereased HeO^" 



H”^ generated and HeO^ 
seereted 


Buffer systems other than the earbonie 
aeid-biearbonate system release H”^ 


Modyle 25.10 Revíew 


a. Definerespiratoryaeidosisand 
respiratory alkalosis. 

b. Whatwould happentotheblood 
^C02 of a patient who has an airway 
obstruction? 

e. How would a deerease in the pH of 
body fluids affeet the respiratory rate? 


(S) 25.10 Deseribe respiratory aeidosis and respiratory alkalosis. 
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SECTION 2 Revíew 

L 


Labelíng 


Use the follovving terms to label the boxes in the tvvo 
flovveharts.Terms may be used more than onee. 


blood pH deerease 
blood pH inerease 
inereased Peo^ 
deereased Peo 
inereased 
deereased 
alkalosis 
aeidosis 
generated 
seereted 



HOMEOSTASIS 

DISTURBED 


Hypoventilation causing 


HOMEOSTASIS 

DISTURBED 


Hyperventilation causing 


10 



Respìratory 


11 


results in 


12 



Responses 


Respiratory eompensatíon 

Stimulation of arterial and CSF 
ehemoreeeptors results in 


4 


respiratory rate. 


Renal eompensatíon 

Hydrogen ions (H+) are 



Biearbonate ions (HGO^ ) are 



Buffer systems other than the earbonie 
aeid-biearbonate system aeeept H”^. 



Responses 


Respiratory eompensation 

Inhibition of arterial and CSF 
ehemoreeeptors results in a 


13 


respiratory rate. 


Renal eompensation 

Hydrogen ions (H”^) are 


14 


Biearbonate ions (HeO^ ) are 


15 


Buffer systems other than the earbonie 
aeid-biearbonate system release H+. 




eombìned Effeets 



Peo 



H 


+ 



HCO 


3 


HOMEOSTASIS 

RESTORED 

Blood pH 
returns to normal 



HOMEOSTASIS 

RESTORED 


Blood pH 
returns to normal 



Seetìon integration 

After falling into a deep lake and nearly drovvning, a young boy is rescued. His rescuers assess his eondition and 
find that his body fluids have high P^^^ and laetate levels, and lovv P^^ levels. Identify the underlying problem, and 
reeommend the neeessary treatment to restore homeostatie eonditions. 
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Study Outlìne 


SEGTION 1 • Fluìd and Eleetrolyte Balanee 



Body eomposìtìon may be vìewed ìn terms of solìds and 
two fluìd eompartments p. 963 


1 . Mìnerals are the inorganie substances that dissoeiate in 
body fluids to form ions ealled eleetrolytes. 

2. Intracellular fluid (ICF) and extracellular fluid (ECF) are 
ealled f1uíd eompartments. 

3. Cells are able to maintain internal environments quite 
distinet from that of the ECF because they have a plasma 
membrane and aetive transport at the membrane surface. 

4. Solid eomponents make up only 40-50 pereent of body 
mass. 



Fluìd balanee exìsts when water gaìns equal water losses 

p. 964 


5. Fluid balanee in the body occurs when water eontent 
remains stable over time. 


6. VVater gains occur primarily in the digestive traet. Almost 
half of water loss occurs though urination. 

7. Daily water input from water eontent in food, consumed 
liquids, and metabolie water produced during eatabolism 
is approximately 2500 mL. A total of 2500 mL of water is 
eliminated through urination, evaporation at the skin and 
lungs, loss through feees, and some seeretion by sweat 
glands. 



MVATER 50% 





^OLIDS 50% 


The total body 
eomposition of 
an adalt female 


25.4 

J 


Water balanee depends on sodìum balanee, and the two 
are regulated sìmultaneously p. 968 


12. Sodìum balanee exists when sodium gains equal sodium 
losses. 


13. VVhen sodium gains exceed losses, the ECF volume 

inereases; when sodium losses exceed gains, the volume of 
the ECF deereases. 


14. If ECF volume rises, blood volume goes up. If ECF volume 
drops, blood volume goes down 

15. VVhen the Na+ eoneentration in the ECF falls below 136 
mEq/L, a state of hyponatremìa exists.This ean be caused 
by excessive water intake (overhydration) or inadequate 
salt intake. 


16. VVhen body water eontent deelines, the Na"^ eoneentration 
rises; when that eoneentration exceeds 145 mEq/L, 
hypernatremía exists; dehydration is the most eommon 
cause. 


8. A rapid water movement between the ECF and the ICF in 
response to an osmotie gradient is ealled a fluid shift. 

9. Dehydration develops when water losses outpace water 
gains. 



Mìneral balanee ìnvolves balaneìng eleetrolyte gaìns and 
losses p. 966 


10. Mineral balanee isthe balanee between ion absorption, 
which occurs aeross the lining of the small intestine and 
eolon, and ion excretion, which occurs primarily by the 
kidneys. 

11. The body eontains substantial reserves of key minerals. 

The amount lost eaeh day must equal the daily intake if the 
person is to stay in mineral balanee. 



Dìsturbances of potassìum balanee are uncommon but 
extremely dangerous p. 970 


17. The key faetors in maintaining potassìum balanee are the 
rate of K+ entry aeross the digestive epithelium and the 
rate of K+ loss into urine. 


18. The kidneys are the main faetor determining the K+ 
eoneentration in the ECF. 

19. Potassium loss is regulated by the kidneys through 
aldosterone stimulating Na+ reabsorption while 
simultaneously aeeelerating K+ excretion. 

20. The endoerine disorder aldosteronìsm (excessive 
aldosterone seeretion), results in hypokalemìa (low 
potassium) from excess sodium retention and potassium 
Ìoss. Diuretics, such as Lasix, ean cause hypokalemia by 
inereasing the volume of urine produced. 
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GHAPTER 25 REVIEVV • Fluíd, Eleetrolyte, and Add-Base Balanee (continued) 


21. Hyperkalemìa (excess potassium) ean be caused by 
low blood pH, kidney failure, and diuretics that bloek 
Na+ reabsorption (which also causes slowed potassium 
seeretion). 


SEGTION 2 • Add-Base Balanee 


25.6] 


There are three elasses of aeìds ìn the body 


p. 973 


22. Aeìd-base balanee occurs in the body when the 
production of H+ is preeisely offset by their loss, and when 
the pH of body fluids remains within normal limits. 

23. The primary ehallenge to aeid-base homeostasis is that 
your body generates a variety of aeids during normal 
metabolie operations, and a signifieant deerease in body 
fluid pH must be prevented. 

24. Three elasses of aeids ean threaten pH balanee: fixed adds 
(aeids that do not leave solution), organìe aeids (products 
of cellular metabolism), and volatíle aeids (aeids leaving 
the body through the lungs). 



Potentìally dangerous dìsturbances ìn add-base balanee 
are opposed by buffer systems p. 974 


25. The pH of the ECF normally remains between 7.35 and 7.45. 

26. ehanges in H+ eoneentrations from the normal range 
disrupt the stability of plasma membranes, alter the 
structure of proteins, and ehange the aetivities of 
important enzymes. 


27. When the pH of blood deereases below 7.35, aeidemia 
exists, resulting in aeidosis. When the pH of blood inereases 
above 7.45, alkalemia exists, resulting in alkalosis. 


28. The most important faetor affeeting the pH of body 
tissues is P,-,. because earbon dioxide eombines with 

C02 

water to form earbonie aeid that dissoeiates into a H+ and 
a biearbonate ion (HGO^”) in the reaetion: H^O + GO^ ^ 
H^eO^ ^ H+ + HeO^^.There is an inverse relationship 
between and pH. 

29. A buffer system in body fluids generally eonsists of 
a eombination of a weak aeid (HY) and the anion (Y") 
released by its dissoeiation. 


25.8] 


Buffer systems ean delay but not prevent pH shìfts ìn the 
ICF and ECF p. 976 

30. There are three major buffer systems: the phosphate buffer 
system, the protein buffer systems, and the earbonie aeid- 
biearbonate buffer system. 


31. The phosphate buffer system plays an important role in 
buffering the pH of the ICF and urine. 


32. The proteìn buffer systems regulate the pH of the ECF 
and ICF, and interaet with the two other buffer systems. 


Protein buffer systems prevent signifieant pH ehange by 
binding excess H+.This involves the amino, carboxylate, 
and R (side) groups of free amino aeids or, in proteins, 
mostly exposed R-groups. 

33. The earbonìe aeíd-bìearbonate buffer system is most 
important in the ECF. It takes the H+ released by metabolie 
aetivity and generates earbonie aeid that dissoeiates into 
water and earbon dioxide, which ean easily be eliminated 
by the lungs. 


25.9 

J 


The homeostatìe responses to metabolìe aeìdosìs and 
alkalosìs ìnvolve respìratory and renal meehanìsms as well 
as buffer systems p. 978 


34. Metabolìe aeìdosís develops when organie or fixed aeids 
release large numbers of H+, and the pH deereases. 

35. The excess H+ must either be permanently bound up 
through the formation of water, or removed from body 
fluids through seeretion by the kidneys. 

36. The respiratory response to aeidosis is inereased 
respiratory rate to deerease P^^^, resulting in earbonie aeid 

and water.The renal response is for tubule eells to seerete 
H+ into the tubular fluid along the PCT, the DCT, and the 
eolleeting system. 

37. Metabolìe alkalosís develops when large numbers of H+ 
are removed from body fluicls, resulting in a rise in pH. 

38. The respiratory response to metabolie alkalosis is 
deereased respiratory rate.This elevates P^^^, resulting in 

eo^ molecules eonverting into earbonie aeid and adding 
H+. The renal response is for the kidney tubules to eonserve 
H+ and seerete HeO^". 


25.10] 


Respìratory aeìd-base dìsorders are the most eommon 
ehaílenges to aeìd-base balanee p. 980 


39. Respíratory aeíd-base dìsorders result from an 
imbalanee between the rate of eo^ generation in body 
tissues and the rate of eo^ elimination at the lungs.This 
eannot be eorreeted by the earbonie aeid-biearbonate 
buffer system. 

40. If the rate of eo^ generation exceeds the rate of eo^ 
removal by hypoventilation, then the eondition of 
respíratory aeìdosís develops. This eannot be eliminated 
without an inerease in respiratory rate. 

41. If the rate of eo^ elimination exceeds the rate of eo^ 
generation by hyperventilation, then the eondition 
of respìratory alkalosís develops.This is relatively 
uncommon and rarely severe. 

42. Respiratory alkalosis is often related to anxiety-induced 
hyperventilation, and the person faints, resulting in normal 
ventilation rates. One eommon treatment is to have the 
person breathe into a paper bag.The rising eo^ level in 
the reeyeled air inereases blood P^^^ and eliminates the 
alkalosis. 
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Severe aeidosis andsevere alkalosis are 
both dangeroas to the haman body. 



















ehapter Revìew Questíons 


True/False 


indieate vvhether eaeh statement is true or false. 



Metabolie aeidosis develops vvhen large numbers of hydrogen ions are 
removed from body fluids, resulting in an inerease in pH. 



Proteins are the most abundant solid eomponents of body mass. 



About half of daily vvater loss occurs through evaporation at the lungs. 



Respiratory alkalosis ean be treated by simply having the person breathe in 
and out of a paper bag. 



Hypokalemia is caused by inadequate aldosterone seeretion. 



Iron is elassified as a bulk mineral. 



Garbonie aeid is a volatile aeid that forms through the interaetion of vvater and 
earbon dioxide. 



The pH of ECF normally ranges from 7.0 to 7.30. 



The total body eomposition of adult males is 60 pereent vvater and 40 pereent 
solids, vvhile for females, total body eomposition is 50 pereent vvater and 50 
pereent solids. 



About 98 pereent of the potassium eontent of the human body is in the ICF, 
rather than the ECF. 



2 

I 

3 

I 

4 


5 

I 

6 

I 

7 





Matehìng 


Mateh eaeh lettered term vvith the most elosely related deseription. 


a. buffer 

b. aeid 

e. basie, oralkaline 

d. pH 

e. aeidie 

f. base 

g. neutral 

h. salt 



The negative exponent of the hydrogen ion 
eoneentration in a solution 



A substance that dissoeiates to release hydroxide ions or 
to remove hydrogen ions, inereasing pH 



A solution vvith a pH of 7; it eontains equal numbers of 
hydrogen ions and hydroxide ions 



A substance that tends to oppose ehanges in the pH of a 
solution by removing or replaeing hydrogen ions 







A solution vvith a pH above 7; hydroxide ions 
predominate 




A substance that dissoeiates to release hydrogen ions, 
deereasing pH 




An ionie compound eonsisting of a eation other than a 
hydrogen ion and an anion otherthan a hydroxide ion 




A solution vvith a pH belovv 7; hydrogen ions 
predominate 
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GHAPTER 25 REVIEVV • Fluíd, Eleetrolyte, and Add-Base Balanee (continued) 


IVIultíple ehoìee 


Seleet the eorreet ansvver from the list provided. 



The most important faetor affeeting the pH of body tissues is the 

Q a) hydroehlorie aeid. 

Q b) ketone bodies. 

Q e) laetie aeid. 

Q d) partial pressure of earbon dioxide. 



Respiratory aeidosis develops vvhen the pH of blood is 

Q a) inereased due to deereased Peo^ level. 

Q b) deereased due to inereased Peo^ level. 

Q e) inereased due to inereased Peo^ level. 

Q d) deereased due to deereased Peo^ level. 



VVhieh of the follovving is the eorreet ehemieal equation of the 
reaetion betvveen vvater and earbon dioxide? 

□ a)H2C03 + H+—►HC03" + H20—►eO^ 

□ b)H20 + C02—►H2C03—►H+ + HC03" 

□ c)H20 + C02—►HC03“—►H2C03—►H+ 

□ d)H20 + C02 + H+—►H2C03—►HC03“ 



Most of the buffering eapaeity of proteins is provided by the 

Q a) R-groups of the eomponent amino aeids. 

Q b) peptide bonds betvveen adjaeent amino aeids. 

Q e) amino and carboxyl groups of the eomponent amino aeids. 
Q d) eentral earbon group of most amino aeids. 



VVhieh of thefollovving isnof an endoerine response to deereased 
blood volume and blood pressure? 

a) inereased renin seeretion and angiotensin II aetivation 
Q b) inereased aldosterone release 
0] e) inereased ADH release 
d) inereased Na+ in urine 



The eondition of belovv normal Na+ eoneentration in the blood is 
ealled 

a) hyponatremia. 

□ b) hypernatremia. 

Q e) hypokalemia. 
d) hyperkalemia. 



VVhieh of the follovving minerals functions as a eomponent of 
myoglobin, hemoglobin, and eytoehromes? 

a)zinc 

□ b) eopper 
Q e) iron 
d) eobalt 



The primary site of ion loss is at the 

□ a) svveat glands. 

Q b) kidneys. 

e) intestines. 

Q d) lungs. 


Short answer 



Differentiate betvveen fluid balanee, mineral balanee, and aeid- 
base balanee. 



VVhat vvould happen if a dehydrated patient aeeidentally reeeived an 
intravenous solution of hypertonie saline? 


MasteringA&P® 

Aeeess more ehapter study tools online in the MasteringA&P Study Area: 

■ ehapter Quízzes, Ghapter Praetiee Test, Art-labeling Aetivities, 
Animations, MP3 Tutor Sessions, and eiínieal Case Studies 


■ Praetiee Anatomy Lab 

PAi: 

■ interaetive Physiology 

ip. 

■ A&P Flix 

AáPFIÌJí 

■ PhysioEx 

PhysioEx 
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ehapter Integratìon • Applyíng what you have learned 


Intestínal trouble ín paradíse 

While visiting a foreign eonntry with poor-quality potable 
water, Beth and Tom eaeh had a drink with iee during dinner. 
Many travelers avoid drinking the water in foreign eonntries but 
forget that iee is often made with loeal tap water! As a result, 
both Beth and Tom eontraeted an intestinal disease that causes 
severe diarrhea. (Diarrhea is eharaeterized by loose watery 
bowel movements that, if left nntreated, ean cause serious health 
eomplieations.) 

It is estimated that eaeh year such “traveler s diarrhea” affeets 
as many as 10 million Amerieans. High-risk destinations inelnde 
the lesser-developed eonntries of Latin Ameriea, Afriea, the 
Middle East, and regions of Asia. The Genters for Disease Gontrol 
and Prevention (CDC) maintain a Website to advise travelers. 

After 2 days of experiencing nneontrolled bouts of diarrhea, 
the couple sought medieal attention at a nearby medieal elinie. 
Varions tests revealed that the enlprit was the baeterinm 
Eseheriehia eolL Fnrther tests revealed that both Beth and 
Tom were dehydrated, so intravenons fluids were preseribed. 
Unfortunately, the attending nurse beeame distraeted and 
erroneonsly gave Tom a hypertonie glneose solntion instead 
of the normal saline that Beth reeeived. 




How would you expect Beth's and Tom's dehydrated states to affeet their 
blood pH, urine pH, and breathìng pattern? 

What effeet will the intravenous hypertonie glucose solution have on 
Tom's blood ADH levels and urine volume? 
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Module 26.1 


SEGTION 1 • Male Reproductìve System 



Male reproductive structures are gonads, 
aeeessory organs, and external genitalía 

The reproductive system of both sexes includes the following basie structures: 

♦ Gonads (GO-nadz;^o;íc, seed), or reprodnetive organs, which prodnee 
gametes and hormones. 

♦ Aeeessory glands and organs that seerete fluids into the ducts of the 
reproductive system or into other excretory ducts. 

♦ Perineal structures eolleetively known as the external genitalia 
(j en-i-TÀ-lè- uh). 



This figure provides an overview of the structures of the male reprodnetive 
system. The male gonads are ealled the testes, or testieles, and they prodnee 
gametes ealled spermatozoa (sper-ma-tó-ZO-uh; singnlar, spermatozoon), or 
sperm. Mature spermatozoa travel 
along the male duct system, or 
male reprodnetive traet. As they 
proeeed, they are mixed with the 
seeretions of aeeessory glands to 
form a fluid known as semen 
(S£-men). 


Aeeessory Organs 


Eaeh ductus deferens (sperm duct) 
conducts sperm betvveen the epididymis 
and prostate gland. 


Eaeh semìnal gland seeretes fluid that 
makes up much of the volume of semen. 


The prostate gland seeretes fluid and 
enzymes. 


Eaeh bulbourethral gland seeretes fluids 
that lubricate the tip of the penis 


The urethra conducts semen to the 
exterior. 


Eaeh epídídymís (plural, epididymides) 
is the site of sperm maturation. 



Eaeh testis produces sperm and 
hormones. 






External Genitalía 


The penis eontains ereetile tissue, 
deposits sperm in the vagina of the 
female, and produces pleasurable 
sensations during sexual aetivities. 


The scrotum surrounds the testes. 


l\/lodule26.1 Review 


a. What isthefunction ofthetestes? 

b. List the aeeessory organs ofthe male reproductive 
system. 

e. Identifythe structures ofthe male external genitalia. 


(S) 26.1 Identify the structures of the male reproductive system, and eite their functions. 
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Module26.2 

j 


The eoiled seminiferous tubules of the testes 
are eonneeted to the male reproductive traet 



The main structures of the male reproductive system are shown in this sagittal 
seetion. Proeeeding from a testis, the spermatozoa travel within the epididymis 
(ep-i-DID-i-mus), along the ductus deferens (DUK-tus DEF-e-renz), and then along 
the ejaculatory duct and the nrethra before leaving the body. Aeeessory organs 
seminal (SEM-i-nal) glands, the prostate (PROS-tàt) gland, and the bulbourethral 
(bul-bó-u-RE-thral) glands —seerete various fluids into the ejaenlatory ducts and 
nrethra. The external genitalia eonsist of the serotnm (SKRO-tum), which 
eneloses the testes, and the penis (PE-nis), an ereetile organ throngh 
which the distal portion of the nrethra passes. 



Pubic symphysis 


Drethra 


Ductus deferens 


Penis 


Epididymis 


Eaeh testis has the shape of a 
flattened egg and is about 5 em 
(2 in.) long, 3 em (1.2 in.) wide, 
and 2.5 em (1 in.) thiek. Eaeh has a 
weight of 10-15 g (0.35-0.53 oz). 


Scrotum 


Llrinary 

bladder 


Seminal 

gland 


Prostate gland 


Ejaculatory duct 


Bulbourethral gland 


2 


These sagittal seetional views 


illnstrate the positional ehanges 
involved in the fetal deseent of a testis. 


2 months after eoneeptìon 


The testes form inside the body 
eavity adjaeent to the kidneys. 


Developing 

testis 


Gonneetive 


tissue band 



5 mm 


3 months after eoneeptìon 


The eonneetive tissue bands do not 
get longer as the fetus grows. As a 
result, the relative position of the 
testes ehange as the body enlarges. 




5 mm 


Bìrth 



Late in fetal development, hormones cause 
the eonneetive tissue band to eontraet, 
pulling eaeh testis through the abdominal 
musculature into the scrotum. 



Testis 

Scrotum 


5 mm 
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This disseetion view shows snperfieial 
and deeper featnres of the serotnm, 


testes, and related strnetnres. 


Inguinal ligament 



The superfìcìal ìnguìnal rìng penetrates 
the layers of abdominal muscles and 
forms the entranee to the inguinal eanal. 



The eremaster (krè-MAS-ter) muscle lies 
deep to the dermis. Gontraetion of this 
muscle during sexual arousal or when 
exposed to eool temperatures pulls the 
testes eloser to the body. 



The scrotum eonsists of a thin layer of skin 
and the underlying superficial faseia.The 
dermis eontains a layer of smooth muscle, 
the dartos (DAR-tós) muscle. Resting 
muscle tone in the dartos muscle elevates 
the testes and causes the eharaeteristie 
wrinkling of the serotal surface. 



The ìnguìnal eanal extends from the 
inguinal ring to the serotal eavity. In normal 
adult males, the inguinal eanals are elosed, 
but the presenee of the spermatie eords 
ereates weak points in the abdominal wall 
that remain throughout life. As a result, 
ìnguìnal hernìas —protrusions of viseeral 
tissues or organs into the inguinal eanal— 
are relatively eommon in males. 


Nerve 


Artery 


Venous plexus 


Ductus deferens 


Serotal septum 


Serotal eavity 


Raphe 



The spermatìe eords extend 
through the inguinal eanals 
between the abdominopelvie 
eavity and the testes. Eaeh 
spermatie eord eonsists of layers 
of faseia and muscle enelosing the 
ductus deferens and the blood 
vessels, nerves, and lymphatie 
vessels that supply the testes. 



The left and right serotal eavitìes 

are separated by the serotal 
septum.The partition between 
the two is marked by a raised 
thiekening in the serotal surface 
known as the raphe (RA-fè). 


4 


This horizontal seetion 
throngh the serotnm 


shows the internal organization 
of the testes. 


Epididymis Efferent Straight Ductus 


ductule tubule 


deferens 


Scrotum 


Skin 


Dartos muscle 
Superficial faseia 

Gremaster muscle 


Serotal eavity 




The seminiferous tubules merge into straight 
tubules, which are eonneeted to a maze of 
passageways known as the rete (RÈ-tè; rete, a 
net) testís. Fifteen to 20 large efferent ductules 
eonneet the rete testis to the epididymis. 


Mesothelium lines the serotal eavity and 
reduces frietion between opposing surfaces. 


The tunìca albugìnea (al-bu-JIN-è-uh), a tough 
fibrous capsule, eovers the testis.This capsule is 
continuous with septa that subdivide the 
interior of the testis into separate lobules. 


Septa 


Eaeh lobule eontains several eoiled seminifer- 
ous tubules. Eaeh averages about 80 em (32 in.) 
in length. A typieal testis eontains nearly 
one-half mile of seminiferous tubules. Sperm 
production occurs within these tubules. 


Module 26.2 Revìew 


a. Deseribe the fetal deseent ofthe testes. 

b. Identify thecomplex networkofehannels 
that is eonneeted to the seminiferous 
tubules. 

e. On a warm day, would theeremaster 
muscle be eontraeted or relaxed? Why? 


(S) 26.2 Deseribe the structures of the testes, and outline their fetal development. 
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Module26.3 

j 


Meìosìs ìn the testes produces haploìd 
spermatids that mature ínto spermatozoa 

Spermatogenesis, or sperm production, involves (1) mitosis and eell division 
(eytokinesis), (2) meiosis (mi-O-sis), a speeial form of eell division involved in 
gamete production, and (3) spermiogenesis, the differentiation of immatnre 
male gametes into physieally mature spermatozoa. 



As you may reeall from Ghapter 3, somatie eells eontain 23 
pairs of ehromosomes. Mitosis is part of the proeess of somatie 
eell division, prodneing two danghter eells eaeh eontaining identieal 
pairs of ehromosomes. This diagram follows the fates of three repre- 
sentative ehromosomes during mitosis and eell division. Beeanse the 
danghter eells eaeh eontain 23 pairs of ehromosomes, or two sets of 
ehromosomes, they are ealled díploíd (DlP-loyd; diplo, donble) (2n) 
eells. Eaeh mitotie division of a stem eell within the seminiferons 
tubules prodnees one danghter eell that remains a stem eell, and 
one danghter eell that enters meiosis. 





Stem 


ehromosomes 



ehromosome 

duplication 





Daughter 



ehromosomes 
of daughter 
eell 1 


ehromosomes 
of daughter 
eell 2 


1 


2 


Stem eell Cell entering 


meiosis 


2 


Meiosis involves two eyeles of eell division 
(meiosis I and meiosis II) and prodnees 


four eells, eaeh of which eontains 23 individnal 
ehromosomes, or one set of ehromosomes. 

Beeanse these reprodnetive eells (gametes) eontain 
only one member of eaeh pair of ehromosomes, 
they are ealled haploid (HAP-loyd; haplo, single) 

(n) eells. The events in the nucleus are the same for 
the formation of spermatozoa or ooeytes (female 
gametes). In synapsis, eorresponding maternal 
and paternal ehromosomes assoeiate to form 23 
ehromosome pairs. Eaeh member of a pair eonsists 
of two dnplieate ehromatids, and the set of four 
ehromatids is ealled a tetrad (TET-rad; tetras, four). 


Meìosìs 





ehromosomes 



Daughter 
eell 2 (2n) 




Tetrad 



Meìosìs I 

ehromosome 
duplication, synapsis, 
and tetrad formation 







Meìosìs II 



1 


2 


3 


4 


ehromosomes of gametes 


Gametes (n) 
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Spermatogonia 

(singular, spermato- 
gonium) are the stem 
eells in the seminiferous 
tubules that divide to 
produce spermatozoa in a 
proeess ealled spermato- 
genesis. The eomplete 
proeess of spermatogen- 
esis occurs in four phases 
and takes about 64 days. 




Matare spermatozoa 


Spermatogenesìs 


Mìtosìs of spermatogonìum 

Eaeh division of a diploid spernnatogoniunn produces two daughter 
eells. One is a spernnatogoniunn that remains in eontaet with the 
basement membrane of the tubule, and the other is a prìmary 
spermatoeyte that is displaeed toward the lumen.These events 
from spermatogonium to primary spermatoeyte take 16 days. 


Melosìs I 

As meiosis I begins, eaeh primary spermatoeyte eontains 
46 individual ehromosomes. At the end of meiosis I, the 
daughter eells are ealled seeondary spermatoeytes. Every 
seeondary spermatoeyte eontains 23 ehromosomes, eaeh 
with a pair of duplicate ehromatids.This phase of 
spermatogenesis takes about 24 days. 




Primary 
spermatoeyte 
(diploid, 2n) 


DNA replieation 


Primary 

spermatoeyte 


Synapsis and 
tetrad formation 



Seeondary 

spermatoeytes 


Meíosìs II 

The seeondary spermatoeytes soon enter meiosis II, 
which yields four haploid spermatìds, eaeh eontain- 
ing 23 ehromosomes. For eaeh primary spermatoeyte 
that enters meiosis, four spermatids are produced. 
This phase lasts only a few hours. 



Spermatids 
(haploid, n) 


Spermíogenesís (physieal maturation) 

In spermiogenesis, the last step of spermatogenesis, 
eaeh spermatid matures into a single spermatozoon, 
or sperm.The proeess of spermiogenesis—from 
spermatids to spermatozoa—takes 24 days. 






Spermatozoa 
(haploid, n) 


4 


Here you ean see the 


distinetive, speeialized 
featnres of a spermatozoon. 
Unlike other, less speeial- 
ized eells, a mature 
spermatozoon laeks an 
endoplasmie reticulum, a 
Golgi apparatus, lysosomes, 
peroxisomes, inclusions, 
and many other intraeellnlar 
structures. The loss of these 
organelles rednees the eelTs 
size and mass; it is essentially 
a mobile earrier for the 
enelosed ehromosomes, and 
extra weight would slow it 
down. 


Structure of a Spermatozoon 



The aerosome (AK-ró-sóm), or aerosomal 
eap, is a membranous eompartment 
eontaining enzymes essential to fertilization. 


The head is a flattened ellipse eontaining a 
nucleus with densely paeked ehromosomes. 


The neekeontains both eentrioles of the 
original spermatid.The microtubules of the 
distal eentriole are continuous with those of 
the middle pieee and tail. 


The mìddle pìeee eontains mitoehondria 
arranged in a spiral around the microtu- 
bules. Mitoehondrial aetivity provides the 
ATP required to move the tail. 


The taíl is a flagellum, a whiplike organelle 
that moves the sperm. 


The tail of a spermatozoon is the 
only flagellum in the human body. 
Whereas eilia beat in a prediet- 
able, wavelike fashion, the flagel- 
lum of a spermatozoon has a 
complex, corkscrew motion. 


Module 26.3 Revìew 


a. Define spermatogenesis. 

b. How many spermatozoa will 
eventually be produced from 
eaeh primary spermatoeyte? 

e. Deseribe the functional anatomy 
of a typieal spermatozoon. 


26.3 Summarize the events of meiosis in the production of spermatozoa, 
and deseribe the functional anatomy of a mature spermatozoon. 
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Module26.4 


r 


Meìosìs and early spermíogenesis 
occur vvìthìn the seminíferous tubules 



This is a light mierograph of a 
horizontal seetion throngh a testis. 
Beeanse the seminiferons tnbnles are 
tightly eoiled within the lobnles, they 
are often seen in eross seetion. 



Testis 


LM X 26 



testis 


Seminiferoys 

tubules 


Septa 


\ 


7 


Here is a higher-magnifieation 
view of several seetions throngh 
one or more seminiferons tnbnles. 
Spermatogenesis and spermiogenesis 
together take approximately 9 weeks. 

If spermatogenesis were synehronized 
along the entire length of a tubule, 
spermatozoa would be released onee 
every nine weeks. Instead, eaeh segment 
of a seminiferons tubule is at a different 
phase of the proeess of spermatogenesis. 
As a result, every seminiferous tubule is 
continuously producing spermatozoa. 




Seminiferous tubule 
eontaining late spermatids 


Seminiferous tubule 


• • 


eontaining spermatozoa 


Seminiferous tubule 
eontaining early spermatids 


Seminiferous tubules 


LM X 75 
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Eaeh tubule is surrounded by a delieate eonneetive 


tissue capsule, and areolar tissue fills the spaees 
between the tubules. Within those spaees are numerous 
blood vessels and large interstitial eells. Interstitial eells 
(Leydig eells) prodnee androgens, such as testosterone 
and androstenedione, the dominant sex hormones in 
males. 


Nurse eell 
nucleus 

Spernnatid 




Spermatogoniunn 
Interstitial eell 


Spermatozoa 



Gapillary 

Dividing 

spermatoeytes 

Fibroblast 

Gonneetive 
tissue capsule 

Areolar tissue 


4 


Eaeh seminiferons tubule eontains 
spermatogonia, spermatoeytes at 


varions stages of meiosis, spermatids, 
spermatozoa, and large nurse eells (Sertoli 
eells). Nurse eells are attaehed to the 
tubular capsule and extend to the lumen 
between the other types of eells. Develop- 
ing spermatoeytes nndergoing meiosis, 
and spermatids nndergoing spermiogen- 
esis, are not free in the seminiferons 
tubules. Instead, they are surrounded 
by the eytoplasm of the nurse eells. As 
spermiogenesis proeeeds, the spermatids 
gradnally develop into mature spermato- 
zoa. At spermiation, a spermatozoon loses 
its attaehment to the nurse eell and enters 
the lumen of the seminiferons tubule. 



eonneetive 
tissue capsule 


Interstitial 

eells 


Spermatids beginning 
spermiogenesis 


Spermatids eompleting 

spermiogenesis 


Initial spermiogenesis 

Seeondary spermatoeyte 

in meiosis II 


Luminal eompartment 
Basal eompartment 


Seeondary 

spermatoeyte 

Primary 
spermatoeyte 
preparing 
for meiosis I 

Nurse eell 
Spermatogonium 


Gapillary 


5 


Nurse eells are not only essential to 
the proeess of spermatogenesis, but 


as you will see in Module 26.7, they are 
involved in its hormonal regnlation. One of 
their many important fnnetions is to isolate 
the seminiferons tubules from the general 
eirenlation by ereating a blood-testis 
barrier eomparable in fnnetion to the 
blood-brain barrier. Nurse eells are joined 
by tight jnnetions, forming a layer that 
divides the seminiferons tubule into an 
outer basal eompartment, which eontains 
the spermatogonia, and an inner Inminal 
eompartment, where meiosis and 
spermiogenesis occur. 




Luminal 

eompartment 

Nurse eell nucleus 

Blood-testis 

barrier 


Basal 

eompartment 


Modnle 26.4 Revìew 


a. What is the function ofinterstitial eells? 

b. Whatistheroleof nursecells? 

e. Deseribe the proeess ofspermiation. 


(S) 26.4 Explain meiosis and early spermiogenesis within the seminiferous tubules. 
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Module26.5 




The male reproductìve traet reeeíves seeretìons from 
the semínal, prostate, and bulbourethral glands 


The testes produce physieally mature 
spermatozoa. The other portions of the 
male reproductive system are responsible 
for the fnnetional matnration, nonrishment, 
storage, and transport of spermatozoa. The 
spermatozoa leaving the testes are physieally 
mature, but immobile and ineapable of 
fertilizing an ooeyte. To beeome motile 
(aetively swimming) and fully functional, 
spermatozoa must undergo a proeess ealled 
eapaeítation. Capacitation normally occurs 
in two steps: (1) Spermatozoa beeome motile 
when they are mixed with seeretions of the 
seminal glands, and (2) they beeome eapable 
of successful fertilization when exposed to 
eonditions in the female reprodnetive traet. 



This diagrammatie posterior view shows the urinary 
bladder, prostate gland, and other structures of the male 


reprodnetive system. 


Dreter 


Ductus deferens 


Seminal gland 


The aimpulla (am-PUL-uh) is 
the expanded distal portion 
of the ductus deferens. 

The ejaculatory duct earries 
fluid from the seminal gland 
and ampulla to the urethra. 



Prostate gland 


Prostatie urethra 


2 


The epididymis (ep-i-DID-i-mis; epU on + didymos, 


twin; plural, epididymides)^ the start of the male 
reprodnetive traet, is a eoiled tube bound to the posterior 
border of eaeh testis. A tubule almost 7 m (23 ft) long, the 
epididymis is eoiled and twisted so as to take up very little 
spaee. A spermatozoon must pass throngh the epididymis to 
eomplete its fnnetional matnration. Over this period, 
spermatozoa exist in a sheltered environment that is 
preeisely regnlated by the surrounding epithelial eells. 


Regìons of the Epìdìdymis 


The head of the epididymis 
reeeives spermatozoa from 
the efferent ductules. 


The body of the epididymis 
extends inferiorly along the 
posterior margin of the testis. 


Near the inferior border of the 
testis, the number of eoils 
deereases, marking the start 
ofthetail.The tail recurves 
and aseends to its eonneetion 
with the ductus deferens. 


Serotal eavity 



Spermatie eord 


Efferent ductules 


Rete testis 


Seminiferous 

tubule 

Ductus deferens 



Urogenital diaphragm 
Bulbourethral glands 


Tunica 

albuginea 


Epididymis 


LM X 240 


3 


The psendostratified eolnmnar epithelial 
lining of the epididymis has extremely 
long stereoeilia. These proeesses inerease the 
snrfaee area available for absorption from, and 
seeretion into, the fluid in the lumen. 
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Ductus 

deferens 


LM X 100 


The lumen of the ductus 
deferens is lined by 
pseudostratified eiliated 
columnar epithelium. 


The wall of the ductus 
deferens eontains a 
thiek layer of smooth 
muscle. Peristaltie 
eontraetions in this layer 
propel spermatozoa and 
fluid along the duct. 





Seminal gland LM X 35 



Lumen 

Seeretory 

poekets 


Smooth 

muscle 



Gonneetive 
tissue and 
smooth 
muscle 


Prostatie 

glands 


Prostate gland 


LM X 35 



Smooth 

muscle 

Capsule 


l\/lucous 

glands 


Bulbourethral gland 


LM X 140 


Eaeh ductus deferens, or vas deferens, is 40-45 em (16-18 in.) 
long. As part of the spermatie eord, it aseends throngh the 
ingninal eanal, enters the abdominal eavity, and passes posterior to the 
nrinary bladder to reaeh the prostate gland. In addition to transporting 
spermatozoa from the epididymis, the ductus deferens ean store 
spermatozoa for several months. During this time, the spermatozoa 
remain in a state of snspended animation (a temporary state with 
stoppage of fnnetions) and have low metabolie rates. 



5 


The semínal glands, also ealled the seminal vesieles, are embedded 
in eonneetive tissue on either side of the midline, sandwiched 


between the posterior wall of the nrinary bladder and the rectum. The 
seminal glands prodnee about 60 pereent of the volume of semen. When 
mixed with the seeretions of the seminal glands, previonsly inaetive but 
functional spermatozoa nndergo the first step in eapaeitation and begin 
beating their flagella, beeoming highly motile. The seeretions are ejeeted 
by smooth muscle eontraetions eontrolled by the sympathetie division 
of the ANS. About 2-5 mL of semen is released in a typieal ejaenlation. 
Semen eontains spermatozoa and semínal fluid. In addition to seminal 
gland seeretions, semen also eontains seeretions from nurse eells, the 
epididymis, the prostate gland, and the bulbourethral glands. 


6 


The prostate gland is a small, muscular, rounded organ about 4 em 
(1.6 in.) in diameter. The prostate gland eneireles the proximal 


portion of the nrethra as it leaves the nrinary bladder. The glandnlar 
tissue of the prostate is surrounded by and wrapped in a thiek blanket 
of smooth muscle fibers. The prostate gland prodnees 20-30 pereent of 
the volume of semen. In addition to several other snbstanees of uncer- 
tain signifieanee, prostatie seeretions eontain semínalplasmìn (sem-i- 
nal-PLAZ-min), an antibiotie protein that may help prevent nrinary 
traet infeetions in males. These seeretions are ejeeted into the prostatie 
nrethra by peristaltie eontraetions of the muscular prostate wall. 


The paired bulbourethral 
glands (Cowper's glands) 
are loeated at the base of the penis, 
eovered by the faseia of the 
nrogenital diaphragm. The 
duct of eaeh gland empties | 

into the nrethra. These * 

glands seerete a thiek, 
alkaline mucus that helps 
neutralize any nrinary aeids 
that may remain in the 
nrethra, and it also lubri- 
eates the tip of the penis. 


Module 26.5 Revìew 


a. Define semen. 

b. What arethefunctions ofthe 
seeretion of the bulbourethral 
glands? 

e. Traee the ductal pathway from the 
epididymis to the urethra. 



26.5 Explain the roles played by the male reproductive traet and aeeessory glands 
in the functional maturation, nourishment, storage, and transport of spermatozoa. 
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Module26.6 


r 


The penís conducts urìne and semen to the exteríor 



The penis has two fnnetions. It eondnets 
nrine to the exterior and introdnees 
semen into the female s vagina dnring 
sexual intercourse. 


Membranoys urethra 


Bulb of penis 


Right crus of penis 


isehial ramus 


Corpus spongiosum 



Gorpora eavernosa 


Pubic symphysis 


The root of the penis is the fixed 
portion that attaehes the penis to 
the body wall.This eonneetion occurs 
within the urogenital triangle immedi- 
ately inferiorto the pubic symphysis. 


The body, or shaft, of the penis is the 
tubular, movable portion of the organ. 


Neek 


The glans of the penis is the expanded 
distal end that surrounds the external 
urethral orifiee.The neek is the narrow 
portion of the penis between the shaft 
and the glans. 


External urethral orifiee 


2 


This eross seetion shows that most of 


the body of the penis eonsists of three 
eylindrieal eolnmns of vasenlarized ereetile 
tissue. Ereetile tissue eonsists of a three- 
dimensional network with vasenlar spaees 
ineompletely separated by partitions of 
elastie eonneetive tissue and 
smooth muscle fibers. In the 
resting state, the arterial 
branehes are eonstrieted, 
and the muscular partitions 
are tense. This eombina- 
tion restriets blood flow 
into the ereetile tissue. 


Superficial and deep 
dorsal veins of penis 


Deep artery 
of penis 


Ereetile tissues 


r 








í 








Tíssue Layers of the Penís 

The skin overlying the penis resembles that of the 
the skin on the scrotum. 


The dermis has a layer of smooth muscle that is a 
continuation of the dartos muscle of the scrotum. 


The underlying areolar tissue allows the thin skin 
to move without distorting deeper structures.The 
areolar tissue also eontains superficial arteries, veins, 
and lymphatie vessels. 


Deep to the areolar tissue, a dense network of elastie 
fibers eneireles the internal structures of the penis. 


The anterior surface of the flaeeid penis eovers two 
eylindrieal masses of ereetile tissue: the eorpora 
eavernosa (KOR-por-a ka-ver-NO-suh; singular, 
corpus cavernosum).J}r\e eorpora eavernosa extend 
along the length of the penis as far as its neek. 


Drethra 


The relatively slender corpus spongìosum 
(spon-jè-0-sum) surrounds the urethra.This ereetile 
body extends from the superficial faseia of the 
urogenital diaphragm to the tip of the penis, where 
it expands to form the glans. 
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This diagrammatie view of the male reproductive 
traet provides a three-dimensional perspeetive on the 


relationships among the glands and passageways. The numbers 
will be useful as you follow the phases of sexual response in 


4 


Seminal 

gland 


Prostate gland 

Prostatie 

urethra 


Membranoys 

urethra 



Ductus 

deferens 


Opening from 
bulbourethral gland 


Corpus spongiosum 


Corpus cavernosum 


Penile urethra 


Glans penis 


External urethral 

orifiee 


Opening of 
ejaculatory 
duct 


Bulbourethral 


Root of penis 


A fold of skin ealled the prepuce (PRÈ-pOs), 
or foreskin, surrounds the tip of the penis. 

The prepuce attaehes to the relatively narrow 
neekof the penis and continues overthe 
glans penis. Glands in the skin of the neekand 
the inner surface of the prepuce seerete a 
waxy material known as smegma (SMEG-ma). 


impotenee, or ereetile dysfnnetion (ED), is an inability to 
aehieve or maintain an ereetion. There may be a variety of 
physieal causes, because ereetion involves vascular ehanges 
as well as neural eommands. For example, low blood pressure 
in the arteries of the penis, due to a cardiovascular bloekage 
such as a plaque, ean impair the ability to aehieve an ereetion. 
Psyehologieal faetors such as depression or anxiety ean also 
result in impotenee. The ereetion pathway aetivated by nitrie 
oxide (NO) is opposed by enzymes that cause eonstrietion of 
the arteries snpplying the ereetile tissnes. The drugs Viagra 
and Gialis temporarily inaetivate these enzymes, so that even 
small levels of NO are snffieient to prodnee an ereetion. 



The three physiologieal phases in the male 
sexual response are snmmarized here. 


Arousal 


During arousal, erotie thoughts or stimulation of sensory 
nerves in the genital region leads to an inerease in the 
parasympathetie outflow over the pelvie nerves. 



The parasympathetie innervation of the penile arteries 
involves neurons that release nitrie oxide (NO) at their 
axon terminals.The smooth muscles in the arterial walls 
relax when NO is released, at which time the vessels dilate, 
blood flow inereases, the vascular ehannels beeome 
engorged with blood, and ereetion of the penis occurs. 



Arousal also stimulates the bulbourethral glands.Their 
seeretion lubricates the tip of the glans penis. 


Emission 


Further stimulation leads to sympathetie aetivation that 


causes emission. 



Emission begins with peristaltie eontraetions in the 
ampullae of the ductus deferens.This pushes spermatozoa 
into the prostatie urethra. 



Gontraetions then begin in the walls of the seminal glands 
and the prostate gland, and their seeretions now enter the 
urethra and mix with the spermatozoa introduced by 
ampullary eontraetions to form semen. 


Ejaculatìon 

EJaculatìon occurs as powerful, rhythmie eontraetions take 
plaee in the ischiocavernosus and bulbocavernosus muscles. 
These eontraetions are eontrolled by somatie motor neurons 
in the lower lumbar and upper saeral segments of the spinal 
eord.These eontraetions are assoeiated with the pleasurable 
sensations known as male orgasm. 



The bulbocavernosus muscles wrap around the base of the 
penis, and their eontraetions push semen toward the 
external urethral orifiee. 



The ischiocavernosus muscles insert along the sides of the 
penis, and their eontraetions serve primarily to stiffen the 
ereet penis. 


Moelyle 26.6 Revìew 


a. Name the three columns ofereetile tissue in the penis. 

b. List the phases of the male sexual response. 

e. An inability to eontraet the ischiocavernosus and 
bulbospongiosus muscles would interfere with which 
phase of the male sexual response? 


(S) 26.6 Deseribe the structure and function of the penis. 
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Module26.7 



Testosterone plays a key role in establìshing 
and maintaining male sexual function 

Testosterone is prodneed primarily by the interstitial eells of the testes. (Small 
amonnts are also prodneed by the zona retienlaris of the adrenal glands in 
both sexes [Modnle 16.9, p. 602].) This flowchart diagrams the hormonal 
interaetions that regnlate male reprodnetive fnnetion. 


Release of Gonadotropin-Releasíng 
Hormone (GnRH) 


The hypothalamys seeretes the hormone 
GnRH at a rate and paee that remain 
relatively steady from hour to hour, 
day to day, and year to year. As a result, 
blood levels of FSH, LH, and testosterone 
remain vvithin a relatively narrovv range 
throughout a man's reproductive life. 


Negative feedbaek 


HYP0THALAIV1US 


Seeretion of Luteinizing Hormone (LH) 


ANTERIOR LOBE OF 
THEPITUITARYGLAND 


LH targets the interstitial eells of the 
testes. 


When stimulated by GnRH from 
the hypothalamus, the anterior 
lobe of the pituitary gland 
releases luteinizing hormone 
(LH) and follicle-stimulating 
hormone (FSH). 


Seeretion of Follicle-Stimulating 
Hormone (FSH) 


FSH targets primarily the nurse eells of 
the seminiferous tubules. 


Inhibin depressesthe pituitary production of 
FSH, and perhaps the hypothalamie seeretion 
of gonadotropin-releasing hormone (GnRH). 
The faster the rate of sperm production, the 
more inhibin is seereted. By regulating FSH 
and GnRH seeretion, nurse eells provide 
feedbaek eontrol of spermatogenesis. 


Stimylation 
Inhibition 
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In many target tissnes, some of the arriving testosterone is eonverted to 
dihydrotestosterone (DHT). A small amonnt of DHT diffnses baek out 
of the eell and into the bloodstream, and DHT levels are usually about 
10 pereent of eirenlating testosterone levels. Dihydrotestosterone ean also 
enter peripheral eells and bind to the same hormone reeeptors targeted by 
testosterone. In addition, some tissnes (notably those of the external genita- 
lia) respond to DHT rather than to testosterone, and other tissnes (inelnding 
the prostate gland) are more sensitive to DHT than to testosterone. 


Testosterone levels are regulated by 
negative feedbaek. High testosterone 
levels inhibit the release of GnRH by 
the hypothalamys, causing deereased 
LH seeretion and lovvering testoster- 
one levels to normal levels. 




Interstìtìal Cell Stìmulatìon 


LH induces the seeretion of 
testosterone and other androgens 
by the interstitial eells of the testes. 


Negative feedbaek 



Testosterone 


Nurse Cell Stímulatíon 


Llnder FSH stimulation, and in 
the presenee of testosterone from 
the interstitial eells, nurse eells 
(1) promote spermatogenesis and 
spermiogenesis and (2) seerete 
androgen-binding protein (ABP). 
They also seerete inhibin in 
response to faetors released by 
developing spermatozoa. 




Inhíbín 


Perípheral Effeets of Testosterone 


Effeets on CNS, including maintaining 
libido (sexual drive) and related 
behaviors 


Stimulation of bone and muscle 
grovvth 


Establishment and maintenanee of 
male seeondary sex eharaeteristies, 
such as the distribution of faeial hair, 
inereased muscle mass and body size, 
and the quantity and loeation of 
eharaeteristie adipose tissue deposits 


Maintenanee of aeeessory glands and 
organs of the male reproductive system 


By eontrolling the loeal environment 
around spermatoeytes and spermatids, 
nurse eells faeilitate both spermatogen- 
esis and spermiogenesis. 


Androgen-bìndìng proteín (ABP) 

binds androgens (primarily testosterone) 
in the fluid eontents of the seminiferous 
tubules.This inereases the eoneentra- 
tion of androgens vvithin the seminifer- 
ous tubules and stimulates the physieal 
maturation of spermatids. 


Modyle 26.7 Revíew 


a. Identify important regulatory 
hormones that establish and maintain 
male sexual function. 

b. Identify the sources of hormones that 
eontrol male reproductivefunctions. 

e. What effeet vvould lovv FSH levels have 
on sperm production? 


26.7 Explain the roles of regulatory hormones and testosterone 
in the establishment and maintenanee of male sexual function. 
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Labelíng 


Label the structures of the male 
reproductive system in the 
aeeompanying diagram. 



Matehíng 


Mateh eaeh lettered term with the most elosely related deseription. 


a. semen 

b. epididymis 

e. nursecells 

d. corpus spongiosum 

e. Iuteinizing hormone (LH) 

f. impotenee 

g. follicle-stimulating hormone (FSH) 

h. spermatogonia 

i. seminiferous tubules 

j. dartos muscle 

k. spermatogenesis 

l. interstitial eells 

m. spermiogenesis 

n. penis and scrotum 
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Serotal smooth muscle 

Sperm stem eells 

Sites of sperm production 

Produce testosterone 

Physieal maturation of spermatids 

Sperm production 

External genitalia 

Start of male reproductive traet 

Maintain blood-testis barrier 

Spermatozoa and seminal fluid 

Inability to aehieve or maintain an ereetion 

Ereetile tissue surrounding the urethra 

lnduces seeretion of androgens 

Hormone that targets nurse eells 


13 

14 
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Seetion ìntegratìon 

In males, the endoerine disorder hypogonadism is primarily due to the underproduction of testosterone or the laek 
of tissue sensitivity to testosterone, and results in sterility. What are five primary functions of testosterone in males? 
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Module 26.8 


SEGTION 2 • Female Reproductìve System 



Female reproductive structures are mammary glands, 
gonads, external genítalía, and the reproductíve traet 

A woman s reproductive system produces sex hormones and 
functional gametes, and it must also be able to proteet and 
support a developing embryo, maintain a growing fetus, and 
nourish a newborn infant. The main organs of the female 
reprodnetive system are the ovaries, nterine tubes, uterus, 
vagina, and eomponents of the external genitalia. The female 
reprodnetive system also inelndes aeeessory organs—the 
mammary glands—and a variety of smaller aeeessory glands 
that seerete their prodnets into the female reprodnetive traet. 


Female ReproductiveTract 


Eaeh uterìne tube delivers an ooeyte or 
ennbryo to the uterus. These tubes are 
the normal sites of fertilization. 


The uterus is the site of embryonie 
and fetal development and of 
exchange betvveen the maternal 
and embryonie/fetal bloodstreams. 


The vagìna is the site of sperm deposi- 
tion. It aets as the birth eanal during 
delivery and is a passagevvay for fluids 
during menstruation. 



Mammary Glands 


Eaeh mammary gland produces milk 
that nourishes the nevvborn infant. 


Gonads 


Eaeh ovary produces ooeytes and 
hormones. 


External Genítalía 


The elìtorìs eontains ereetile tissue, 
and it produces pleasurable sensations 
during sexual aetivities. 


The labìa eontain glands that lubricate 
the entranee to the vagina. 


This figure gives an overview of the structures of the female 
reproductive system. The gonads in females, ealled ovaries 
(singnlar, ovary)^ prodnee immatnre female gametes ealled 
ooeytes (0-ó-sits), which later mature into ova (singnlar, ovum). 
Ooeytes leave the ovary and then travel along the female duct 
system, or female reproductive traet. If fertilization occurs, 
it will normally occur in the nterine tubes and fnrther embryonie 
development will occur within the uterus. 


Modyle 26.8 Revíew 


a. Identify the main organs ofthe female 
reproductive system. 

b. Namethestructuresofthefemale 
external genitalia. 

e. VVhere does fertilization normally occur? 


(S) 26.8 Identify the structures of the female reproductive system, and eite their functions. 


1003 

























Module26.9 




The ovaríes and the female reproductìve 
traet are in elose proxímíty but 
are not díreetly eonneeted 


This sagittal seetion throngh the pelvie eavity 
shows the loeation and orientation of the female 
reprodnetive organs. 



The paired ovarìes are small, lumpy, almond-shaped organs near the lateral 
walls of the pelvie eavity.The ovaries have three main functions: (1) production 
of immature female gametes, or ooeytes; (2) seeretion of female sex hormones, 
including estrogens and progesterone; and (3) seeretion of ìnhìbìn, involved 
in the feedbaek eontrol of pituitary FSH production. Estrogens include estradiol, 
estriol, and estrone; estradiol is the most abundant of the three types. 


Eaeh uterìne tube begins with an expanded funnel, 
ealled an ìnfundìbulum, that is open into the pelvie 
eavity along the medial surface of the ovary.The other 
end of the uterine tube opens into the uterine eavity. 


Infundibulum 




The uterus sits inferior to the 
ovaries, usually angled anteriorly 
above the urinary bladder. 


The poeket formed between 
the uterus and the posterior 
wall of the urinary bladder is 

the vesìcouterìne (ves-i-kó- 
U-ter-in) pouch. 


Urinary bladder 
Pubic symphysis 

Urethra 



The elìtorìs eontains ereetile 
tissue. Stimulating the elitoris 
produces pleasurable 
sensations assoeiated with 

the female orgasm. 


The labìa eontain glands 
that lubricate the entranee to 
the vagina. 



The poeket formed 
between the posterior 
wall of the uterus and 
the anterior surface 
of the eolon is the 
rectouterìne (rek-tó- 
U-ter-in) pouch. 


Sigmoid eolon 


The vagina extends 
from the base of 
the uterus (cervix) 
to the exterior. 


Aeeessory glands 
lubricate the entranee 
to the vagina and the 
external genitalia. 


Anus 
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The position of eaeh ovary is stabilized by several 
thiekened peritoneal folds that are ealled ligaments. This 


is a view from above and behind, with the left nterine tube 
pulled away from the ovary to show the ligaments more elearly. 


Dterine tube 


Ovarian artery 

and vein 

lnfundibulum 


Fimbriae 


The suspensory 
lìgament extends from 
the lateral surface of the 
ovary past the open end 
of the uterine tube to the 
pelvie wall. The major 
blood vessels of the 
ovary (the ovarian artery 
and ovarian vein) pass 
along this ligament to 
reaeh the mesovarium. 







Broad ligament 


Llreter 


L/ 


Llterosaeral ligament 



External os 


Theviseeral peritoneum is 
continuous with a layer of 
squamous or cuboidal eells that 
eovers the ovary.This layer is 
ealled the germìnal epìthelìum. 


Cervix 

Vaginal rugae 
Vaginal wall 






The ovarìan lìgament 

extends from the uterus, 
near the attaehment of the 
uterine tube, to the medial 
surface of the ovary. 


The mesovaríum (mez- 
ó-VA-rè-um), a thiekened 
fold of mesentery, 
supports and stabilizes 
the position of eaeh ovary. 


Uterus 





Cortex 

l\/ledulla 


The germinal epithelium overlies 
a dense eonneetive tissue layer 
ealled the tunìca albugínea. 



Posteríor víew 


The broad lìgament is an extensive 
mesentery that eneloses the ovaries, 
uterine tubes, and uterus. It attaehes 
to the sides and floor of the pelvie 
eavity, where it beeomes continuous 
with the parietal peritoneum.The 
broad ligament thus subdivides this 
part of the peritoneal eavity. 


Uterine tube 


Ovarian hilum 


l\/lesovarium 


Broad ligament 


Modyle 26.9 Revíew 
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This is a eross seetion taken throngh the mesovarium and the broad 
ligament. A typieal ovary is about 5 em long, 2.5 em wide, and 8 mm 


thiek (2 in. by 1 in. by 0.33 in.) and weighs 6-8 g (ronghly 0.25 oz). Blood 
vessels enter and leave the ovary at the ovarian hilum, where the ovary 
attaehes to the mesovarium. The interior of the ovary is divided into a 
snperfieial cortex and a deeper medulla. Gametes are prodneed in the cortex. 


a. \/\/hatrolesdotheovariesperform? 

b. Distinguish between the vesicouterine 
and rectouterine pouches. 

e. Name the structures enelosed by the 
broad ligament, and eite the function 
of the mesovarium. 


(S) 26.9 Deseribe the anatomy of the ovaries, uterus, and assoeiated structures. 
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Meìosìs I ìn the ovarìes produces a sìngle 
haploíd seeondary ooeyte that eompletes 
melosls II only If fertlllzatlon occurs 

Oogenesis (ó-ó-JEN-e-sis) is the formation and development 
of the ooeyte. It begins before a woman s birth, aeeelerates at 
pnberty, and ends at menopanse. Between pnberty and menopanse, 
oogenesis oeenrs on a monthly basis as part of the ovarian eyele. 



Althongh the nnelear events in 
the ovaries dnring meiosis are 
the same as those in the testes, the 
eytoplasm of the primary ooeyte is 
nnevenly distribnted dnring the two 
meiotie divisions. Oogenesis prodnees 
one fnnetional seeondary ooeyte, 
which eontains most of the original 
eytoplasm, and two or three polar 
bodies, nonfnnetional eells that later 
disintegrate. Another differenee is that 
the ovary releases a seeondary ooeyte 
rather than a matnre ovum. The 
seeondary ooeyte is suspended in 
metaphase of meiosis II. Meiosis will 
not be eompleted unless and until 
fertilization occurs. 

Why is the seeondary ooeyte 
eonsidered haploid even though it has 
the same amount of DNA as a diploid 
primary ooeyte? It is haploid beeanse 
eaeh set of dnplieate ehromatids 
originated from only one member of a 
ehromosome pair in the primary 
ooeyte. 


Not all primary ooeytes produced 
during development snrvive until 
pnberty. The ovaries have about 
2 million primordial follieles at 
birth, eaeh eontaining a primary 
ooeyte. Primordial follieles exist at 
the earliest stages of development. 
By the time of pnberty, the number 
has dropped to about 400,000. 

The rest of the primordial follieles 
degenerate in a proeess ealled 
atresia (a-TRÉ-zé-uh). 


Oogenesìs 


Mìtosìs of oogonìum 

Dnlike spermatogonia, the oogonìa (ó-ó-G0-nè-uh), 
or female reproductive stem eells, eomplete their 
mitotie divisions before birth. 


Oogonium 



Oogonium 
(stem eell) 


Primary 
ooeyte 
(diploid, 2n) 


Meìosìs I 

Between the third and seventh months of fetal 
development, the daughter eells, or primary ooeytes 
(0-ó-síts), prepare to undergo meiosis.They proeeed 
as far as the prophase of meiosis I, but then the 
proeess eomes to a halt. 


^ DNA replieation 


Tetrad 


The primary ooeytes remain in a state of 
suspended development until puberty, when 
rising levels of FSH trigger the start of the 
ovarian eyele. Eaeh month afterthe ovarian 
eyele begins, some of the primary ooeytes 
are stimulated to undergo further 
development. Meiosis I is then 
eompleted, yielding a haploid seeondary 
ooeyte and a polar body. 


First polar 
body 


First polar body 
may not eomplete 
meiosis II 



Primary 

ooeyte 


Meìosìs II 

Eaeh month afterthe ovarian eyele 
begins, one or more seeondary 
ooeytes leave the ovary suspended 
in metaphase of meiosis II. 




Seeondary ooeyte 
released (ovulation) 
in metaphase of 
meiosis II 



At the time of fertilization, a seeond 
polar body forms and the fertilized 
ooeyte is then ealled a mature ovum. 
(A eell in any of the preeeding steps 
in oogenesis is sometimes ealled an 
immature ovum.) 


Seeond 

polar 

body 



Fertìlìzatìon 

(See Module 27.2, 

p. 1028 ) 
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Ovarian follieles are structures where ooeyte growth and meiosis I occur. During 
an ovarian eyele, the folliele gradnally ehanges. Follieles do not physieally move 


around the cortex, and this figure shows the relative sizes and sequence of events. 


Prìmordìal Follìeles ìn Egg Nest 


Formatíon of Prímary Follíeles 


Primary 

ooeyte 


Folliele eells 



Granulosa eells 



Primary ooeyte 


Theeal eells 


Primary ooeytes are loeated 
in the outer portion of the 
ovarian cortex, near the 
tunica albuginea, in clusters 
ealled egg nests. An inaetive 
primary ooeyte is surrounded 
by a simple squamous layer 
of folliele eells, forming a 
prìmordìal follìele. 


Follicular eells enlarge, divide, and form several 
layers of eells around an aetivated primary 
ooeyte.These folliele eells are now ealled 
granulosa eells. A region around the ooeyte 
develops, ealled the zona pellucìda (ZO-na 
pe-LU-si-duh; pellucidus, translucent). As the 
granulosa eells enlarge and multiply, a layer 
of theeal eells {theea, a box) forms around the 
folliele.Theeal eells and granulosa eells work 
together to produce estrogens. 



# • 



# # 




4 ^ • 













• # 








Gorona 

radiata 











Ruptured 

folliele 




Theeal eells 


Zona pellucida 


Nucleus of primary 

ooeyte 


Granulosa eells 



Seeondary follíeles develop as the wall of the 
folliele thiekens and the deeper follicular eells 
begin seereting fluid that accumulates in small 
poekets.These poekets gradually expand and 
separate the inner and outer layers of the folliele. 


Formatíon of a Tertiary Follíele 


Antrum eontaining 

follicular fluid 


Gorona radiata 


Seeondary ooeyte 



By days 10-14 of the eyele, usually only one 
seeondary folliele has beeome a tertíary follìele, 
or mature graafian (GRAH-fé-an) folliele, roughly 
15 mm in diameter.The ooeyte projeets into the 
antrum (AN-trum), or expanded eentral ehamber 
of the folliele.The granulosa eells assoeiated with 
the seeondary ooeyte form a proteetive layer 
known as the eorona radìata (kó-R0-nuh 
rà-dè-AH-tuh). 


Formatíon of Corpus Albìeans 

If fertilization does not occur, 
after 12 days progesterone 
and estrogen levels fall 
markedly. Fibroblasts invade 
the nonfunctional corpus 
luteum, producing a knot of 
pale sear tissue ealled a corpus 
albìeans (AL-bi-kanz).The 
disintegration, or involution, 
of the corpus luteum marks 
the end of the ovarian eyele. A 
new ovarian eyele then begins 
with the aetivation of another 
group of primordial follieles. 



Formatíon of Corpus Luteum 

The empty tertiary folliele 
initially eollapses, and under 
LH stimulation the remaining 
granulosa eells proliferate to 
ereate the corpus luteum 
(LU-té-um; lutea, yellow), 
which seeretes progesterone 
(pró-JES-ter-ón) and 
estrogens. Progesterone 
prepares the uterus for 
pregnaney by stimulating 
the maturation of the uterine 
lining and the seeretions of 
uterine glands. 



Ovulatíon 


Seeondary 

ooeyte 


At ovulatìon, the tertiary 
folliele releases the seeond- 
ary ooeyte and eorona 
radiata into the pelvie eavity. 
Ovulation marks the end of 
the follìcular phase of the 
ovarian eyele and the start 
of the luteal phase. 




l\/lodule 26.10 Revìew 


a. Define ooeyte. 

b. What arethe main 
differenees in gamete 
production between 
malesand females? 

e. Listthe important 
events in the ovarian 
eyele. 


(S) 26.10 Outline the proeesses of meiosis and oogenesis in the ovaries. 
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Module 26.11 


The uterìne tubes are eonneeted 
to the uterus, a hollovv organ 
wìth thìek muscular walls 



Eaeh uterine tube (fallopian tube) is a hollow, muscular structure 
measuring approximately 13 em (5.2 in.) in length. The distal 
portion of eaeh nterine tube eonneets to the uterus. The uterus is a 
hollow, muscular organ that is about 7.5 em (3 in.) long with a maximum 
diameter of 5 em (2 in.). It weighs 30-40 g (1-1.4 oz). The seetional 
illnstration below shows the internal structure of the uterine tube and 
the eonneetion between the lumen 
of the nterine tube and the large 


nterine eavity within the uterus. 


The thiekness of the smooth muscle layers 
in the wall of the aimpulla, the middle 
segment of the uterine tube, gradually 
inereases as the tube approaehes the uterus. 


The ampulla leads to 
the ìsthimus (IS-mus) of 
the uterine tube, a short 
segment eonneeted to 
the uterine wall. 



Layers of the llterìne Wall 


The outer surface of the uterus is an ineomplete serosa ealled the perìme- 
trìum (per-i-mè-trè-um; per/-, around -i- metra, uterus). It is continuous with 
the peritoneal lining and eovers most of the uterine surface. 


The perimetrium eovers a thiek, muscular myometrìum (mí-ó-l\/lÈ-trè-um; 
myo-, muscle).The smooth muscle tissue of the myometrium provides much 
of the foree needed to move a fetus out of the uterus and into the vagina 
during delivery. 


The inner lining eonsists of a glandular endometrìum (en-dó-l\/lE-trè-um) 
whose tissue ehanges in the course of the monthly uterine eyele. 


Llterine 
artery 
and vein 


The Llterìne Gavity 

The uterìne eavity, or uterine lumen, is the large, superior ehamber that is 
continuous with the isthmus of the uterine tube on eaeh side. 

The internal os (os, an opening or mouth) is the opening that eonneets the 
uterine eavity to the eervieal eanal. 

The eervieal eanal is a eonstrieted passageway at the inferior end of the 
uterine eavity. It begins at the internal os and ends at the external os. 

The external os is the curved vaginal opening into the uterus. 


The infundibulum is a funnel-like expansion of the 
uterine tube. It has numerous fingerlike projeetions 
that extend into the pelvie eavity.The projeetions 
are ealled fimbriae (FIM-brè-è). Fimbriae drape over 
the surface of the ovary, but there is no physieal 
eonneetion between the two structures.The inner 
surface of the infundibulum are lined with eilia that 
beat toward the lumen of the uterine tube. 
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Concentric layers 
of smooth mnsele 


snrronnd the mneosa of 
the nterine tube. Ooeyte 
transport along the tube 
involves a eombination 
of eiliary movement and 
peristaltie eontraetion 
stimnlated by auto- 
nomie nerves. 



Isthmus of uterine tube 
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Epithelial surface 
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This eolorized SEM 


shows the eiliated 
epithelinm of the nterine 
tube. The eilia (eolored 
yellow-green) beat toward 
the nterine eavity, estab- 
lishing fluid currents that 
help eolleet and transport 
the seeondary ooeyte after 
ovnlation. 



Vaginal artery 


Ovarian artery and vein 
Suspensory ligament of ovary 


Regìons of the Lltems 

The fundus is the upper 
rounded portion of the 
uterine body. It projeets 
superior to the openings of 
the uterine tubes. 


The uterine body is the 
largest portion of the 
uterus.The body ends at a 
eonstrietion that eneireles 
the internal os. It makes up 
about 2/3 of the organ. 


The cervix (SER-viks) is the 
inferior portion of the uterus 
that surrounds the eervieal 
eanal and the external os 
and projeets into the vagina. 


Vagina ) 


It normally takes 3 to 4 days for a seeondary 
ooeyte to travel from the infundibulum to the 
uterine eavity. If fertilization is to occur, the 
seeondary ooeyte must encounter spermatozoa 
during the first 12-24 hours of its passage along 
the nterine tube. 


4 


The uterus is divided into three 
anatomieal regions, as shown 


here. The uterus, which is eapable 
of great ehanges in size and shape, 
provides meehanieal proteetion, 
nntritional snpport, and waste 
removal for the developing embryo 
(weeks 1-8) and fetus (week 9 
throngh delivery). In addition, 
eontraetions in the muscular wall 
of the uterus are important in 
delivering the fetus at birth. 


Modyle 26.11 Revíew 


a. How do reeently released seeondary 
ooeytes reaeh the uterine tube? 

b. Deseribe the three layers ofthe uterine 
wall. 

e. Namethe regionsofthe uterus. 


(S) 26.11 Deseribe the structure, histology, and functions of the uterine tubes and uterus. 
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The uterìne eyele ínvolves ehanges 
in the functìonal zone of 

the endometrmnn 



Within the myometrinm, branehes of 
the nterine arteries form arcuate arteries, 
which eneirele the endometrium. From the arcuate 
arteries, radíal arteries supply the endometrium. 


Endometrium 


Myometriym 


Dterine eavity 


Arcuate 

arteries 


Radial artery 




Perimetrium 


Dterine artery 
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The endometrium 
eontains a basilar zone 


adjaeent to the myometrium, 
and a fnnetional zone, the 
region elosest to the nterine 
eavity. Straight arteries 
deliver blood to the basilar 
zone, and spiral arteries 
supply the functional zone. 
The fnnetional zone of the 
endometrinm eontains large 
tubular uterine glands. 


Simple columnar epithelium 


Llterine glands 


Functional zone 


Spiral artery 


Basilar zone 


Straight artery 


Myometrium 
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The structure of the basilar zone remains relatively eonstant over time, but that of the 
functional zone nndergoes eyelieal ehanges in response to sex hormone levels. These eyelieal 


ehanges prodnee the eharaeteristie histologieal featnres of the uterine eyele. The nterine eyele 
averages 28 days in length, but it ean range from 21 to 35 days in healthy women of reprodnetive age. 


Menses 



Perimetrium 

Myometriym 

Endometrium 


Dterine 

glands 


UTERINECAVITY 



The uterine eyele begins with the onset of 
menses (MEN-sèz), an interval marked by 
the degeneration of the functional zone 
of the endometrium.This degeneration 
is caused by eonstrietion of the spiral 
arteries, which reduces endometrial blood 
flow. Eventually, the weakened arterial 
walls rupture, and blood pours into the 
eonneetive tissues of the functional zone. 
Blood eells and degenerating tissues then 
break away and enter the uterine lumen, 
to be lost by passage through the external 
os and into the vagina.The proeess of 
endometrial shedding, ealled menstma- 
tion (men-stru-À-shun), generally lasts 
from one to seven days. Over this period 
roughly 35 to 50 mL of blood are lost. 



Functíonal zon 


ENDOMETRiy 


Basilar zone 


Proliferative Phase 


The basilar zone and the deepest uterine 
glands survive menses intaet.The epithe- 
lial eells of the uterine glands then multiply 
and spread aeross the endometrial surface, 
restoring the integrity of the uterine 
epithelium. As this reorganization 
proeeeds, the endometrium is in the 
proliferative phase. Restoration is 
stimulated and sustained by estrogens 
seereted by the developing ovarian 
follieles. By the time ovulation occurs, the 
functional zone is several millimeters thiek, 
and prominent mucous glands extend to 
the border with the basilar zone. At this 
time, the uterine glands are manufacturing 
a glyeogen-rieh mucus that ean be 
metabolized by an early embryo. 


Seeretory Phase 



During the seeretory phase, the uterine 
glands enlarge, aeeelerating their rate of 
seeretion, and the arteries that supply 
the uterine wall elongate and spiral 
through the tissues of the functional 
zone. This aetivity occurs under the 
eombined stimulatory effeets of 
progesterone and estrogens from the 
corpus luteum.The seeretory phase 
begins at the time of ovulation and lasts 
as long as the corpus luteum remains 
intaet. When the corpus luteum stops 
producing stimulatory hormones, a new 
uterine eyele begins with the onset of 
menses and the disintegration of the 
functional zone. 


The uterine eyele, or menstrual eyele, begins at puberty. The first eyele, 
known as menarehe (me-NAR-kè; meyij month -i- arehej beginning), 
typieally occurs at age 11-12. The eyeles continue until menopanse 
(MEN-ó-pawz), the termination of the nterine eyele, at age 45-55. Over 
the interim, the regnlar appearanee of nterine eyeles is interrnpted only 
by eirenmstanees such as illness, stress, starvation, or pregnaney. 


Module 26.12 Revìew 


a. Namethezonesoftheendometrium. 

b. Differentiate between menses and 
menstruation. 

e. Deseribe the phases ofthe uterine eyele. 


(S) 26.12 Identify the phases and events of the uterine eyele. 
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Module 26.13 



The entranee to the vagìna ís 

enelosed by external genìtalía 



The vagina is an elastie, muscular tube 
extending between the cervix and the 
vestibnle, a spaee bordered by the female 
external genitalia. The vagina is typieally 
7.5-9 em (3-3.6 in.) long, but its diameter 
varies because it is highly distensible. The 
internal passageway is ealled the vaginal 
eanal. The vagina (1) serves as a passage- 
way for the elimination of menstrnal fluids; 
(2) reeeives the penis during sexual inter- 
course, and holds spermatozoa prior 
to their passage into the uterus; 
and (3) forms the inferior 
portion of the birth eanal, 
throngh which the fetus 
passes during delivery. 


Greater 
vestibular gland 



Labia nninora 


At the proxinnal end of the vagina, the cervix 
projeets into the vaginal eanal.The shallow 
reeess in the vagina surrounding the tip of the 
cervix is known as the fornìx (FOR-niks). 


External os 
Fornix 

Vaginal artery 
Vaginal vein 


In the relaxed state, the vaginal lining forms 
folds ealled rugae.The vaginal eanal is lined by a 
nonkeratinized stratified squamous epithelium. 


Vestibule 


Throughout ehildhood the vagina and vestibule 
are usually separated by the hymen (Hì-men), 
an elastie epithelial fold of variable size that 
partially bloeks the entranee to the vagina. 

An intaet hymen is typieally stretehed or torn 
during sexual intercourse, tampon use, or heavy 
physieal exercise. It is frequently absent, and its 
eondition is not an indieator of sexual virginity. 


The urethra opens into the vestibule 
just anterior to the vaginal entranee. 


Vestibule 


Labia minora 


Vaginal entranee 


The labìa majora (singular, labìum 
majus) are prominent folds of skin 
that eneirele and partially eoneeal the 
labia minora and adjaeent structures. 


2 



The bulge of the mons pubìs is ereated by 
adipose tissue deep to the skin and superficial 
to the pubic symphysis. 


Extensions of the labia minora eneirele the body 
of the elitoris, forming its prepuce, or hood. 


The elìtorìs (KLIT-ó-ris or kli-TÒR-is) projeets 
into the vestibule.This small, rounded tissue 


projeetion eontains ereetile tissue eomparable 
to the eorpora eavernosa and corpus spongio- 
sum of the penis. 


The area eontaining the 
female external genitalia 
is the vulva (VUL-vuh), or 
pudendum (pu-DEN-dum). The 
vagina opens into the vestibnle, a eentral spaee bonnded by small folds known 
as the labía mìnora (LÀ-be-uh mi-NOR-uh; singular, labium minus), A variable 
number of small lesser vestibnlar glands diseharge their seeretions onto the 
exposed snrfaee of the vestibnle, keeping it moist. During sexual arousal, a pair 
of ducts diseharges the seeretions of the greater vestibnlar glands (Bartholin's 
glands) into the vestibnle. These mucous glands have the same embryonie 
origins as the bulbourethral glands of males. The vestibnlar bulbs are masses 
of ereetile tissue on either side of the vaginal entranee. The vestibnlar bulbs have 
the same embryonie origins as the corpus spongiosum of the penis in males. 


Vestibular bulb 
Greater vestibular gland 
Hymen (torn) 


Module 26.13 Revìew 


a. Listthefunctionsofthevagina. 

b. Deseribe the anatomy ofthe vagina. 

e. Cite the similarities that exist between 
eertain structures in the reproductive 
systems of females and males. 
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26.13 Deseribe the structure, histology, and functions of the vagina. 
































































Module 26.14 


r 


The mammary glands nourìsh 
the ìnfant after delivery 

A newborn infant eannot fend for itself, and several of its key 
systems are not fnlly developed. Over the initial period of adjnstment 
to an independent life, the infant ean gain nonrishment from the 
milk seereted by the maternal mammary glands. These organs are 
eontrolled mainly by hormones released by the reprodnetive system 
and the plaeenta, a temporary structure that provides the embryo and 
fetus with nutrients. The interaetion of these hormones resnlts in milk 
prodnetion, or laetatíon (lak-TÀ-shun). 



The mammary gland lies direetly 
over the peetoralis major muscle. 
This illnstration shows the internal 
organization of the mammary tissue 
and its snpporting structures. 


Peetoralis 
major muscle 


Lobules 


Lobe 


Left breast 



The Structure of a Mammary Gland 


On eaeh side, a mammary gland lies in the subcutane- 
ous tissue of the peetoral fat pad deep to the skin of 
the ehest. 


Dense eonneetive tissue surrounds the duct system and 
forms partitions that extend betvveen the lobes and the 
lobules. These bands of eonneetive tissue, the suspen- 
sory lìgaments of the breast, originate in the dermis 
of the overlying skin. 


The glandulartissue of the breast eonsists of separate 
lobes, eaeh eontaining several seeretory lobules. Eaeh 
lobule is eomposed of many seeretory alveolí. 


Ducts leaving the lobules eonverge, giving rise to a 
single lactìferous (lak-TIF-er-us) duct in eaeh lobe. 


Near the nipple, eaeh lactiferous duct enlarges, forming 
an expanded ehamber ealled a lactíferous sinus. 


Eaeh breast has a nípple, a small eonieal projeetion 
vvhere 15-20 lactiferous sinuses open onto the body 
surface. 


The reddish-brovvn skin around eaeh nipple is the 
areola (a-RÈ-ó-luh). Large sebaceous glands deep to 
the areolar surface give it a grainy texture. 


Modyle 26.14 Revíew 


a. Define laetation. 

b. Explain vvhetherthe bloekage ofa single lactiferous 
sinus vvould or vvould not interfere vvith the delivery 
of milktothe nipple. 

e. Traee the route of milkfrom its site of production to 
the bodysurface. 


(S) 26.14 Discuss the structure and function of the mammary glands. 
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Module 26.15 

j 


The ovarian and uterìne eyeles are regulated by hormones 
of the hypothalamus, pítuitary gland, and ovaries 

The ovarian and nterine eyeles must operate in synehrony to ensure proper reproductive function. If 
the two eyeles are not properly eoordinated, infertility resnlts. A female who doesn t ovnlate eannot 
eoneeive, even if her uterus is perfeetly normal. A female who ovnlates normally, but whose uterus 


is not ready to snpport an embryo, will also be infertile. 



As in males, GnRH from 
the hypothalamns 
regnlates reprodnetive fnnetion 
in females. However, in females, 
GnRH levels ehange throughout 
the course of the ovarian eyele. 



As seeondary follieles develop, FSH 
levels deerease due to the negative 
feedbaek effeets of inhibin. 


Developing follieles also seerete 
estrogens, espeeially estradìol 
(es-tra-DÌ-ol), the dominant 
hormone priorto ovulation. 


In low eoneentrations, estrogens 
inhibit LH seeretion.This inhibition 
gradually deereases as estrogen 
levels elimb. 



HYPOTHALAMUS 


Release of Gonadotropín-Releasíng 
Hormone (GnRH) 


The ovarian eyele begins with the release of 
GnRH, which stimulates the production and 
seeretion of FSH and the production—but 
not the seeretion—of LH. 



Release of GnRH 


Follícular Phase of 
the Ovarían Gyele 

The follìcular phase begins when 
FSH stimulates some seeondary 
follieles to develop into a tertiary 
folliele. 


ANTERIOR LOBE OF 
PITUITARYGLAND 



Production 
and seeretion 


of FSH 


Production 
of LH 


Seeretion 
of LH 


Negative 

feedbaek 


OVARY 


After 
day 10 


Before 
day 10 


Folliele 

development 

Seeretion of 
inhibin 

Seeretion of 
estrogens 


Meiosis I 
eompletion 
Ovulation 
Corpus luteum 
formation 



Seeretion of 
progesterone 




Luteal Phase of 
the Ovarían Gyele 


The eombination of GnRH and 
elevated estrogen levels stimulates 
LH seeretion. 


On or around day 14, a massive 
surge in LH level triggers (1) the 
eompletion of meiosis I by the 
primary ooeyte, (2) the forceful 
rupture of the follicular wall, 

(3) ovulation, roughly 9 hours 
afterthe LH peak, and (4) formation 
of the corpus luteum.The luteal 
phase begins at ovulation. 

The corpus luteum seeretes 
progesterone, which stimulates and 
sustains endometrial development. 


After ovulation, progesterone 
levels rise and estrogen levels fall. 
This suppresses GnRH seeretion. 

If pregnaney does not occur, the 
corpus luteum will degenerate after 
12 days, and as progesterone levels 
deerease, GnRH seeretion inereases, 
and a new eyele begins. 


Effeets 
on CNS 


Stimulation 
ofbone and 


Establishment and 
maintenanee of 


musclegrowth female seeondary 

sex eharaeteristies 


Maintenanee 
of aeeessory 
glands and 
organs 


Stimulation of 
endometrial 
growth and 
seeretion 


KEY 




Stimylation 

Inhibition 
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FOLLICULAR PHASE OF OVARIAN CYCLE 


LUTEAL PHASE OF OVARIAN CYCLE 


Gonadotropk 

hormone 

levels 

(IU/L) 



2 


Follìele stages 
duríng the 
ovarían eyele 


Ovarìan 

hormone 

levels 


Endometrìal 
ehanges 
duríng the 
uteríne eyele 


Phases ofthe 
uteríne eyele 

















• -4 




Folliele development 


Ovulation 


Corpus 
luteum 
formation 


Matore 

corpus 

luteum 


Corpus 

albieans 


Progesterone 



Destruction of I Repairand regeneration 


Seeretion by 



36.7 


Basal body 
temperature 


MENSES 


PROLIFERATIVE 

PHASE 


SECRETORY PHASE 


36.4 



Modale 26.15 Revìew 


DAYS 


28/0 


7 


14 


This illustration eombines the key events in the ovarian and uterine 
eyeles. The monthly hormonal fluctuations cause physiologieal ehanges 
that affeet eore body temperatnre. During the follienlar phase—when estrogens 
are the dominant hormones—the basal body temperature, or the resting body 
temperatnre measnred upon awakening in the morning, is about 0.3°C (0.5°F) 
lower than it is during the luteal phase, when progesterone dominates. 


a. VVhat event in the uterine eyele occurs 
when the levels of estrogens and 
progesterone have deereased? 

b. VVhatehanges would you expectto 
observe in the ovarian eyele if the LH 
surgedid not occur? 

e. Summarize the roles ofthe hormones 
in the ovarian and uterine eyeles. 


(S) 26.15 Summarize the hormonal regulation of the female reproductive eyeles. 
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Module 26.16 


CLINICAL MODULE 


+ 


r 


Bìrth eontrol strategìes vary in effeetíveness 
and in the nature of assoeiated risks 


Male eondom 


Díaphragm wìth Spermìeide 


Male eondoms 

(prophylaeties or"rubbers") 
eover the glans and shaft of 
the penis during intercourse 
and keep spermatozoa 
from reaehing the female 
reproductive traet. Of all the 
strategies deseribed in this 
module, only latex eondoms 
proteet against sexually 
transmìtted díseases (STDs), 
such as syphilis, gonorrhea, 
human papillomavirus (HPV), 
and AIDS. 



A dìaphragm is a shallovv, dome-shaped silieone cup vvith a flexible 
rim that is inserted into the vagina to prevent pregnaney. Because 
vaginas vary in size, vvomen ehoosing this method must be individu- 
ally fitted. Before intercourse, the diaphragm is inserted so that it 
eovers the external os.The diaphragm must be eoated vvith a small 
amount of spermieidal 
(sperm-killing) jelly or 
eream to be an effeetive 
eontraeeptive. The failure 
rate of a properly fitted 
and used diaphragm is 
estimated at 5-6 pereent. 



Oral eontraeeptíves—Combined (Estrogen and Progesterone) Progesterone-Only Forms of Bírth Gontrol 


Numerous brands and eombinations of oral eontraeeptìves are 
novv available, and more than 200 million vvomen are using them 
vvorldvvide. In the Llnited States, 33 pereent of vvomen under age 
45 use a eombination pill to prevent eoneeption. When used as 
preseribed, eombination oral eontraeeptives are the most effeetive 
form of birth eontrol. Birth eontrol pills are not riskfree: Gombina- 
tion pills ean vvorsen problems assoeiated vvith severe hyperten- 
sion, diabetes mellitus, epilepsy, gallbladder disease, heart trouble, 
and aene. Women taking oral eontraeeptives are also at inereased 
risk of venous thrombosis, strokes, 
pulmonary embolism, and (for 
vvomen over 35) heart disease. 

Hovvever, pregnaney itself 
has similar or higher risks. 



IUD (lntrauterìne Devìee) 


An ìntrauterìne devìee (IUD) 

eonsists of a small plastie loop 
or a T that is inserted into the 
uterine eavity.The meeha- 
nism of aetion remains 
unclear, but IDDs are knovvn 
to stimulate prostaglandin 
production in the uterus, and 
they are effeetive for up to 
12 years after insertion. 



Progesterone-only 
forms of birth eontrol 
are available by preseripton 
The progesterone-only 
pill and Depo-Provera 
are examples. The 
progesterone-only pìll 
must be taken daily, and 
skipping even one pill may 
result in pregnaney. 

Depo-Provera is injeeted 
every 3 months. Llterine 
eyeles are initially irregular 
and eventually eease in 
roughly 50 pereent of 
vvomen using this product. 

The most eommon 
problems vvith this 
eontraeeptive method are 
(1) a tendeney to gain vveight and (2) a slovv 
return to fertility (up to 18 months) after 
injeetions are discontinued. 
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The Rhythm Method 


Post-Coìtal Contraceptìves (Plan B) 


"Natural Family Planning/'also ealled the rhythm method or 
fertility awareness-based methods, involves abstaining from 
sexual intercourse on the days ovulation might be occurring. 
The timing is estimated on the basis of previous patterns of 
menstruation; monitoring ehanges in indieations of ovulation, 
including basal body 
temperature and eervieal 
mucus texture; and, for 
some, urine tests for LH. 

Because of the irregularity 
of many women's uterine 
eyeles, this method of 
eontraeeption has a 
failure rate estimated 
to be 13-20 pereent. 



Hormonal post-eoítal eontraeeptíon, or the emergency"morning 
after"pill, involves taking levonorgestrel eontraeeptive pills up to 
5 days (120 hours) after unprotected intercourse. Emergeney 
eontraeeption prevents a woman's ovary from releasing an ooeyte 
for longer than usual, thereby preventing an ooeyte from joining 
a sperm. Particularly useful when barrier methods malfunction or 
eoereed intercourse occurs, it reduces expected pregnaney rates 
by up to 89 pereent when taken 
within 72 hours of unprotected 
sex. Its effeetiveness deereases 
with time, up to 120 hours. 

Anyone—regardless of 
age—ean purchase Plan B 


One-Step brand as an 
over-the-counter product and 
a preseription is not required. 



Sjane 

One- 



Ossisíi 


Surgícal Sterílízatíon—Male 


Surgìcal Sterílìzatíon—Female 


In a vaseetomy (va-SEK-tó-mè), eaeh ductus deferens is cut and 
either a segment is removed (and the ends tied or cauterized) 
or silieone plugs are inserted (which makes it relatively easy to 
reverse the procedure). After a vaseetomy, spermatozoa eannot 
pass from the epididymides to the distal portions of the reproduc- 
tive traet.The surgery ean be performed in a physieian's offiee in 
a matter of minutes; the failure rate (due to ineomplete closure 
or bloekage of either ductus deferens) is extremely low. After 
vaseetomy, men experience normal sexual function, becausethe 
seeretions of the epididymides and testes normally account for 
only about 5 pereent of the volume of semen. Spermatozoa 
continue to develop, but they remain inaetive and eventually 
degenerate. 


Ductus deferens 


(after surgery) 



Prostate gland 


Ductus deferens 
(before surgery) 


Llrethra 


Epididymis 


Testis 


Scrotum 


The uterine tubes ean be bloeked by a surgical procedure known 
as a tubal lígatìon. The failure rate for this procedure is also 
extremely low. Because the surgery requires that the abdomino- 
pelvie eavity be entered, most eommonly by laparoseopy, a 
general anesthetie is required and eomplieations are more likely 
than with a vaseetomy. 

Uterinetube Uterinetube 


(after surgery) (before surgery) 



Modyle 26.16 Revìew 


a. VVhieh birth eontrol method provides some 
proteetion against sexually transmitted diseases? 

b. The use of which birth eontrol method often results 
in the eessation of the uterine eyele? 


e. Definevaseetomy. 


(S) 26.16 Discuss various birth eontrol strategies and their assoeiated risks. 
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Module 26.17 


CLINICAL MODULE 


+ 


r 


Reproductìve system dìsorders are 
relatìvely eommon and often deadly 



Enlargement of the prostate gland, or benign prostatie 
hypertrophy (BPH), typieally oeenrs spontaneonsly in men 
over age 50. The inerease in size oeenrs as testosterone prodnetion 
by the interstitial eells deereases. At the same time, the interstitial 
eells begin releasing small quantities of estrogens into the blood- 
stream. The eombination of lower testosterone levels and the 
presenee of estrogens probably stimulates prostatie growth. In 
severe eases, prostatie swelling eonstriets and bloeks the nrethra, 
prodneing nrinary obstrnetion. Prostate eaneer, a malignaney 
of the prostate gland, is the seeond most eommon cause of eaneer 
deaths in males. The Ameriean Ganeer Soeiety estimates that 
approximately 239,000 new prostate eaneer eases in 2013 will result 
in about 30,000 deaths. Blood tests are often used for sereening 
pnrposes. The most sensitive is a blood test for prostate-speeifie 
antigen (PSA). Elevated levels of this antigen, normally present in 
low eoneentrations, may indieate the presenee of prostate eaneer. 
Sereening with periodie PSA tests is now being reeommended for 
men over age 50. Treatment of loealized prostate eaneer often 
involves radiation therapy or snrgieal removal of the prostate 
gland—a prostateetomy (pros-ta-TEK-tó-mè). 



Urineflow 


Bladder 


Enlarged 

prostate 

Gonstrieted 

prostatie 

urethra 


2 


Testicular eaneer occurs at a relatively low 
rate: about 3 eases per 100,000 males per year. 


Although only about 7900 new eases are reported eaeh 
year in the United States, with less than 400 deaths, 
testienlar eaneer is the most eommon eaneer among 
males aged 15-35. More than 95 pereent of testienlar 
eaneers result from abnormal spermatogonia or 
spermatoeytes, rather than abnormal nurse eells, 
interstitial eells, or other testienlar eells. Treatment 
generally eonsists of a eombination of orehieetomy 
(removal of the testes) and ehemotherapy. The snrvival 
rate is now near 95 pereent, primarily as a result of 
earlier diagnosis and improved treatment protoeols. 


Cancerous 

tissue 


Testis 



1018 • Chapter26:The Reproductive System 


1 



























The mammary glands are stimnlated by the ehanging levels of eirenlat- 
ing reprodnetive hormones that aeeompany the nterine eyele, and, 
late in the ovarian eyele, oeeasional diseomfort or even inflammation of 
mammary gland tissnes ean oeenr. If inflamed lobnles beeome walled off 
by sear tissne, eysts are ereated. Clusters of eysts ean be felt in the breast 
as diserete masses, a eondition known as fibroeystie disease. Biopsies may 
be needed to distinguish between this benign eondition and breast eaneer. 
Breast eaneer, a malignant, metastasizing tumor of the mammary gland, is 
the leading cause of death in women between ages 35 and 45, but it is most 
eommon in women over age 50. An estimated 12.4 pereent of U.S. women 
will develop breast eaneer at some point in their lifetime. Notable risk 
faetors inelnde (1) a family history of breast eaneer, (2) a first pregnaney 
after age 30, and (3) early menarehe or late menopanse. Treatment of breast 
eaneer inelndes snrgieal removal of the tumor. Because in many eases eaneer 
eells begin to spread before the eondition is diagnosed, part or all of the 
affeeted mammary gland is snrgieally removed and usually the axillary 
lymph nodes on that side are biopsied to deteet signs of metastasis. A 
eombination of ehemotherapy, radiation treatments, and hormone 
treatments may be used to supplement the snrgieal proeednres. 



Breast eaneer with 
ealeífíeatíons ^ 



A woman in the United States has a l-in-70 ehanee of developing ovarian 
eaneer in her lifetime. In 2013, there were an estimated 22,240 new 
eases, and an estimated 14,030 deaths. Althongh ovarian eaneer is the third 
most eommon reprodnetive eaneer among women, it is the most dangerons 
beeanse it is seldom diagnosed in its early stages. The prognosis is relatively 
good for eaneers that originate in the general ovarian tissnes or from 
abnormal ooeytes. These eaneers respond well to some eombination of 
ehemotherapy, radiation, and snrgery. However, 85 pereent of ovarian 
eaneers are eareinomas (eaneers derived from epithelial eells), and snstained 
remission ean be obtained in only about one-third of the eases of this type. 



Ovarian 


eareinoma 


ovary 



Gervieal eaneer is the most eommon eaneer of the reprodnetive 
system in women ages 15-34. Eaeh year ronghly 12,340 U.S. women 
are diagnosed with invasive eervieal eaneer, and approximately one-third 
of them eventnally die from the eondition. Another 35,000 women are 
diagnosed with a less aggressive form of eervieal eaneer. Gardasil is a 
new vaeeine that proteets against four types of hnman papillomavirns 
(HPV), which cause about 75 pereent of eervieal eaneers. 



Cancerous 

tissue 

Vaginal 

wall 

Cervix 


I 


Sexual aetivity earries with it the risk of infeetion with a variety of 
mieroorganisms. The consequences of such an infeetion may range from 
merely ineonvenient to potentially lethal. Sexually transmitted diseases 
(STDs)/sexually transmitted infeetions (STIs) are transferred from 
person to person, primarily or exclusively by sexual intercourse. At least 
two dozen baeterial, viral, and fungal infeetions are enrrently reeognized 
as STDs. The baeterinm Chlamydia ean cause pelvie inflammatory disease 
(PID) and infertility; AIDS, caused by HIV, is a deadly viral disease. The 
ineidenee of STDs has been inereasing in the United States sinee 1984; 
an estimated 20 million new eases occur eaeh year—almost 50 pereent in 
persons aged 15-24. Poverty, intravenons drug use, prostitution, and the 
appearanee of drug-resistant pathogens all eontribnte to the problem. 


Modyle 26.17 Revíew 


a. From whichcelltypedoesovarian 
eaneer usually arise? 

b. VVhieh pathogen is assoeiated with 
most eases of eervieal eaneer? 

e. Define sexuallytransmitted disease. 



(S) 26.17 Discuss several eommon reproductive system disorders. 
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Labelíng 


Label the structures of the female reproductive 
system in the aeeompanying diagram. 


1 


2 


3 



1 

4 



5 


6 


■ 



8 


9 


10 




11 


12 


13 


14 


Matehíng 

Mateh eaeh lettered term with the most elosely related deseription. 


a. LH surge 

b. rectouterine pouch 
e. tubal ligation 

d. menarehe 

e. ovaries 

f. corpus luteum 

g. vulva 

h. cervix 

i. broad ligament 

j. ooeytes 

k. GnRH 

l. vesicouterine pouch 

m. laetation 

n. uterinecycle 


15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 


lmmature female gametes 

First menstrual eyele 

Poeket anterior to the uterus 

Eneloses the ovaries, uterine tubes, and uterus 

Poeket posterior to the uterus 

Endoerine structure 

Averages 28 days 

Milk production 

Ooeyte and hormone production 

Triggers ovulation 

Inferior portion of the uterus 

Female surgical sterilization 

Stimulates FSH production and seeretion 

Gontains female external genitalia 


Seetíon integratìon 

In a eondition known as endometriosis, endometrial eells migrate from the body of the uterus 
either into the uterine tubes or through the uterine tubes and into the peritoneal eavity, where 
they beeome established. Explain why periodie pain is a major symptom of endometriosis. 
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GHAPTER 26 REVIEVV • The Reproductive System 


Study Outlìne 


SEGTION 1 • IVIale Reproductìve System 



Male reproductìve structures are gonads, aeeessory 
organs, and external genìtalìa p. 989 


1. The reproductive system of both sexes includes gonads, 
aeeessory glands and organs, and external genitalia. 

2. The male gonads are the testes (testìeles), and they produce 

spermatozoa that travel along the male reproductìve traet. 

3. The spermatozoa mix with semen. 

4. The male aeeessory organs include a ductus deferens, 
semínal gland, bulbourethral gland, and epìdìdymís on 
eaeh side, and the prostate gland and urethra. 

5. The penis and scrotum are structures of the male 

external genítalía. 


26.2 J 


The eoìled semìnìferous tubules of the testes are 
eonneeted to the male reproductìve traet p. 990 


6. Starting from the 
epìdìdymís, spermatozoa 
travel the ductus deferens, 
ejaculatory duct, and urethra 
before leaving the body. 

7. The aeeessory organs 

(semìnal glands, prostate, 
and bulbourethral glands) 

seerete fluids into the ejaculatory ducts and urethra. 

8. The testes deseend into the scrotum. 

9. The superfìcíal ìnguìnal ring forms the entranee to the 
inguinal eanal.The spermatie eord lies within the inguinal 
eanal and eneloses the ductus deferens, nerves, and blood and 
lymphatievessels. 

10. The dartos muscle is the smooth muscle of the scrotum. 

The two serotal eavities are separated by the serotal septum. 

11. The tunica albuginea eover the testes, and are continuous 
with the septa that separate the lobules. Eaeh lobule 
eontains eoiled seminiferous tubules where sperm 
production occurs. 

12. The seminiferous tubules are eonneeted to the rete testis, 
and efferent ductules eonneet to the epididymis. 



26.3] 


Meìosìs ìn the testes produces haploìd spermatìds that 
mature ìnto spermatozoa p. 992 


13. Spermatogenesis involves mitosis, meiosis, and 
spermiogenesis. 

14. Eaeh mitotie division of a stem eell produces one daughter 
eell that remains a stem eell, and one daughter eell that 
enters meiosis.These diploid (2n) eells eontain 23 pairs of 
ehromosomes. 


15. Meiosis involves two eyeles of eell division (meiosis I and 
meiosis II) and produces four haploid (n) eells that eaeh 
eontain 23 individual ehromosomes. 


16. In synapsis, maternal and paternal ehromosomesform 23 
ehromosome pairs. Eaeh member of a pair eonsists of two 
duplicate ehromatids, and the set of four ehromatids is 
ealled a tetrad. 


17. Spermatogenesis begins with the division of a 
spermatogonium (stem eell) into a daughter stem eell 

and primary spermatoeyte. 

18. In meiosis I, seeondary spermatoeytes form from a primary 
spermatoeyte. Meiosis II yields four haploid spermatids. 

19. In spermiogenesis, eaeh spermatid matures into a single 
spermatozoon, or sperm, that eontains an aerosome, 
head, neek, middle pieee, and tail, or f1agellum. 


26.4] 


Meìosìs and early spermìogenesìs occur wìthìn the 
semìnìferous tubules p. 994 


20. Every seminiferous tubule is continuously producing 
spermatozoa. 

21. Interstitial eells (Leydig eells) produce testosterone and 
androstenedione, the dominant sex hormones in males. 

22. Nursecells (Sertoli eells) surround developing 
spermatoeytes and spermatids. At spermiation, a 
spermatozoon loses its attaehment and enters the lumen 
of the seminiferous tubule. 


23. Nurse eells are joined by tight junctions to isolate the 
seminiferous tubules from the general circulation by 
ereating a blood-testis barrier. 


26.5 

J 


The male reproductìve traet reeeìves seeretìons from the 
semìnal, prostate, and bulbourethral glands p. 996 


24. Spermatozoa beeome motile and eapable of fertilization 
only after undergoing eapaeitation. 

25. The epididymis eonsists of a head, body, and tail. It is 
here that spermatozoa eomplete maturation. 

26. Eaeh ductus deferens is part of the spermatie eord. It 
transports and stores spermatozoa. 

27. The seminal glands produce about 60 pereent of the 
volume of semen. Semen includes spermatozoa and 

seminal fluid. 


28. The prostate gland eneireles the proximal portion of the 
urethra as it leaves the urinary bladder, and produces 
20-30 pereent of the volume of semen. 

29. The paired bulbourethral glands are loeated at the 
base of the penis, and seerete alkaline mucus that helps 
neutralize urinary aeids that may remain in the urethra, 
and lubricates the tip of the penis. 


26.6 

J 


The penls conducts urine and semen to the exterior 


p. 998 


30. The penis conducts urine to the exterior and introduces 
semen into the female's vagina during sexual intercourse. 

31. The penis is attaehed to the body wall by the root.The 
body, or shaft, of the penis is the tubular portion of the 
organ.The glans is the expanded distal end that surrounds 
the external urethral orifiee.The neek is the narrow portion 
of the penis between the shaft and the glans.The prepuce 
surrounds the tip of the penis. 

32. The penis eonsists of three eylindrieal columns of ereetile 
tissue.The two eorpora eavernosa extend along 

the length of the penis as far as its neek.The corpus 
spongiosum surrounds the urethra. 

33. The three phases of male sexual response are arousal, 
emission, and eJaculation. 


ehapter 26 Review • 1021 














GHAPTER 26 REVIEVV • The Reproductìve System (continued) 


34. Impotenee, or ereetìle dysfunctìon (ED), is the inability 
to aehieve or maintain an ereetion due to physieal or 
psyehologieal causes. 


26.7] 


Testosterone plays a key role ìn establìshìng and 
maìntaìnìng male sexual functìon p. 1000 


35. The hypothalamus releases gonadotropin-releasing 
hormone (GnRH), which causes the anterior pituitary 
to release luteìnízìng hormone (LH) and foílìele- 
stìmulatìng hormone (FSH). LH stimulates the interstitial 
eells of the testes to seerete testosterone. FSH stimulates 
nurse eell aetivity. 

36. Through negative feedbaek, testosterone deereases GnRH 
seeretion, and inhibin seeretion by nurse eells depresses 
FSH production. 

37. The peripheral effeets of testosterone are to maintain 
libido, stimulate bone and muscle growth, maintain male 
seeondary sex eharaeteristies, and maintain organs of the 
male reproductive system. 


SEGTION 2 • Female Reproductìve System 


26.8] 


Female repiroductìve structures are mammary glands, gonads, 
external genìtalìa, and the reproductìve traet p. 1003 


38. The main organs of the female reproductive system are 
the ovaries, uterine tubes, uterus, vagina, and the external 
genitalia (elitoris and labia). 

39. Ovarìes are the female gonads, and they produce ooeytes 
that mature into ova. 


40. The female reproductìve traet is made up of the uteríne 
tubes, uterus, and vagìna. 

41. Mammary glands produce milk that nourishes the 
newborn infant. 


26.9 


w 


The ovarìes and the female reproductìve traet are ìn elose 
proxìmìty but are not dìreetly eonneeted p. 1004 


42. The ovarìes have three main functions: ooeyte 
production, seeretion of estrogens and progesterone, 
and seeretion of ìnhìbìn. 

43. Eaeh uterìne tube begins with an expanded funnel ealled 
an ínfundìbulum, and ends at the uterine eavity. 

44. The poeket formed between the uterus and the posterior 
wall of the urinary bladder is the vesícouterìne pouch. 
The poeket formed between the posterior wall of the 
uterus and the anterior surface of the eolon is the 

rectouterìne pouch. 

45. The vagina extends from the base of the uterus to the exterior. 

46. The external genìtalìa include the elìtorìs and the labìa. 

47. Eaeh ovary is stabilized by an ovarìan lìgament and 
suspensory lìgament, as well as the mesovarìum. 


50. The oogonía eomplete their mitotie divisions before 
birth. Between the third and seventh months of fetal 
development primary ooeytes undergo meiosis. The 
proeess stops at prophase of meiosis I.The meiotie proeess 
begins again at puberty when rising FSH triggers the 
ovarìan eyele. Meiosis I is then eompleted, yielding a 
seeondary ooeyte and a polar body. 

51. Eaeh month after the ovarian eyele begins, one or 
more seeondary ooeytes leave the ovary suspended in 
metaphase of meiosis II. 

52. At the time of fertilization, a seeond polar body forms and 
the fertilized ooeyte is then ealled a mature ovum. 

53. Ovarìan follìeles are speeialized structures in the cortex of 
the ovaries where both ooeyte growth and meiosis I occur. 

54. An inaetive primary ooeyte is surrounded by a layer of 
folliele eells, forming a prìmordíal follìele. Follicular eells 
are ealled granulosa eells when they enlarge, divide, and 
form several layers of eells around an aetivated primary 
ooeyte. 

55. A zona pellucída forms around the ooeyte, and theeal 
eells form around the folliele. 

56. Together, theeal eells and granulosa eells produce 
estrogens. 

57. Seeondary follìeles develop, and then by days 10-14 of 
the ovarian eyele, one seeondary folliele develops into a 

tertìary follìele. 

58. The ooeyte projeets into the antrum.The granulosa eells 
assoeiated with the seeondary ooeyte form a proteetive 
layer known as the eorona radíata. 

59. At ovulatíon, the tertiary folliele releases the seeondary 
ooeyte with its eorona radiata into the pelvie eavity. 
Ovulation marks the end of the follìcular phase of the 
ovarian eyele and the start of the luteal phase. 

60. The empty tertiary folliele initially eollapses, and under 
LH stimulation forms the corpus luteum, which seeretes 
progesterone. If fertilization does not occur, the nonfunctional 
corpus luteum forms a pale sear ealled a corpus albìeans. 


26.11 ] 


The uterìne tubes are eonneeted to the uterus, a hollow 
organ wìth thìek muscular walls p. 1008 


61. The regions of the uterìne tube are the funnel-like 

ìnfundìbulum, the fìngerlike fimbríae, the ampulla, and 
ìsthmus. 


62. The layers of the uterìne wall are an outer perìmetrìum, 

a muscular myometrìum, and an inner glandular 

endometríum. 


63. The uteríne eavity, or uterìne lumen, is continuous with 
the ínternal os that leads to the eervìeal eanal, and the 
external os that opens into the vagina. 

64. The fundus is the rounded upper portion of the uterine 
body.The body is the largest portion of the uterus.The 
cervìx is the inferior portion of the uterus. 


26.10 


r 


Meìosìs I ìn the ovarìes produces a sìngle haploìd 
seeondary ooeyte that eompletes melosls II only If 
fertlllzatlon occurs p. 1006 


48. Oogenesìs is the formation and development of the 
ooeyte. Between puberty and menopause, it occurs on a 
monthly basis as part of the ovarian eyele. 

49. Oogenesis produces one functional seeondary ooeyte 
and two or three polar bodìes (nonfunctional eells that 
later disintegrate). 


26.12] 


The uterlne eyele Involves ehanges In the functlonal zone 
of the endometrmm p. 1010 


65. VVithin the myometrium, branehes of the uterine arteries 
form arcuate arterìes. From the arcuate arteries, radìal 
arteríes supply the endometrium. 

66. The endometrium eontains a basìlar zone and a 
functìonal zone. Straíght arterìes deliver blood to the 
basilar zone, and spiral arterìes supply the functional 
zone. 
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26.13 


26.14 


67. The basilar zone remains eonstant over time, but the 
functional zone ehanges in response to sex hormone levels. 

68. The uterìne eyele averages 28 days in length, but ean 
range from 21 to 35 days. 

69. The uterine eyele begins when the functional zone of the 
endometrium degenerates, the weakened arterial walls 
rupture, and blood pours into the eonneetive tissues of 
the functional zone.This is ealled menses.The proeess of 
endometrial shedding is ealled menstruatìon and lasts 
from 1 to 7 days. 

70. Restoration of the endometrium occurs in the 
prolíferatìve phase. During the seeretory phase the 

uterine glands enlarge, and the arteries that supply the 
uterine wall elongate and spiral through the functional 
zone. The seeretory phase begins at the time of ovulation 
and lasts as long as the corpus luteum remains intaet. 

71. The uterine eyele, or menstrual eyele, begins at puberty. 
The first eyele is known as menarehe. The eyeles continue 
until menopause. 


The entranee to the vagìna ìs enelosed by external 

genìtalìa p. 1012 

72. The vagína is an elastie, muscular tube extending between 
the cervix and the vestibule.The internal passageway is 
ealled the vagìnal eanal. 

73. The vagina serves as a passageway for menstrual fluids, 
reeeives the penis during sexual intercourse, and forms the 
inferior portion of the birth eanal. 

74. The shallow reeess in the vagina surrounding the tip of 
the cervix is known as the fornix. The vaginal lining forms 
folds ealled rugae. 

75. Throughout ehildhood the vagina and vestibule are 
usually separated by the hymen, but the hymen is typieally 
stretehed ortorn during sexual intercourse, tampon use, or 
heavy physieal exercise. 

76. The mons pubis is a bulge of adipose tissue superficial to 
the pubic symphysis. 

77. The labia majora are prominent folds of skin that eneirele 
and partially eoneeal the labia minora and adjaeent 
structures. Éxtensions of the labia minora eneirele the body 
of the elitoris, forming its prepuce. 

78. The area eontaining the female external genitalia is ealled 

the vulva, or pudendum. 

79. Lesser vestibular glands diseharge onto the exposed 
surface of the vestibule, keeping it moist. During sexual 
arousal the greater vestibular glands seerete into the 
vestibule. 


The mammary glands nourìsh the ìnfant after delìvery p. 1013 


80. On eaeh side, a mammary 
gland lies direetly over the 
peetoralis major muscle within 
the subcutaneous tissue of the 

peetoral fat pad. 

81. The suspensory ligaments of the 
breast surrouncl the duct system 
and form partitions between the 

lobes and lobules. 

82. The glandular tissue of the breast 
eonsists of lobes that eontain 
lobules. Eaeh lobule is eomposed 
of many seeretory alveoli. 



83. Ducts leaving the lobules eonverge to a single lactiferous 
duct that enlarges to a lactiferous sinus. At the nipple, 

15 to 20 lactiferous sinuses open onto the body surface. 

84. The reddish-brown skin around eaeh nipple is the areola. 


26.15 
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The ovarìan and uterìne eyeles are regulated by hormones 
of the hypothalamus, pìtuìtary gland, and ovarìes p. 1014 


85. The ovarian and uterine eyeles must operate in synehrony 
to ensure proper reproductive function. 

86. GnRH levels from the hypothalamus ehange throughout 
the ovarian eyele.The ovarian eyele begins with the release 
of GnRH, which stimulates the release of FSH from the 
anterior lobe of the pituitary gland. 

87. The follicular phase of the ovarian eyele begins when 
FSH stimulates seeondary follieles to develop into tertiary 
follieles. Follieles release inhibin and estrogens (espeeially 
estradiol, the dominant hormone prior to ovulation). 

88. Inhibin deereases FSH. Estrogens affeet the CNS, stimulate 
bone and muscle growth, maintain female seeondary sex 
eharaeteristies, maintain aeeessory glands, and stimulate 
endometrial growth and seeretion. 


89. GnRH and elevated estrogen levels stimulate LH seeretion 
from the anterior pituitary. LH causes the eompletion of 
meiosis I and ovulation.The luteal phase of the ovarian eyele 
begins at ovulation. 

90. The corpus luteum seeretes progesterone, which 
stimulates and sustains endometrial development. 

91. After ovulation GnRH deereases because progesterone 
levels inerease and estrogens deerease. If there is no 
pregnaney, the corpus luteum degenerates, progesterone 
deereases, GnRH inereases, and a new eyele begins. 


26.16 


Bírth eontrol strategíes vary ìn effeetíveness and ìn the 
nature of assoeìated rìsks p. 1016 


92. Birth eontrol methods include male eondoms, the 
díaphragm, eombíned and progesterone-only 
oral eontraeeptíves, Depo-Provera injeetions, the 
íntrauterìne devìee, the rhythm method, hormonal 
post-eoìtal eontraeeptíves, and surgìcal sterìlízatìon 
(vaseetomy and tubal lígatìon). 


26.17 
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Reproductìve system dìsorders are relatìvely eommon and 
often deadly p. 1018 


93. Benìgn prostatìe hypertrophy (BPH) occurs in men over 
age 50 as testosterone deereases. It ean cause urinary 
obstruction. Prostate eaneer is the seeond most eommon 
cause of eaneer deaths in men, and ean be sereened for 
with the prostate-speeìfie antígen (PSA) blood test. 

94. Although testícular eaneer is rare, it is the most eommon 
eaneer among males aged 15-35. It has a near 95 pereent 
survival rate. 


95. Benign fibroeystíe dìsease and breast eaneer are 

distinguished with a biopsy. 

96. Ovarían eaneer is dangerous because it is seldom 
diagnosed in its early stages. 

97. eervíeal eaneer is the most eommon eaneer ofthe reproductive 
system in women ages 15-34.The Gardasilyaeóne proteets 
against four types of human papìllomavìrus (HPV), which 
cause about 75 pereent of eervieal eaneers. 

98. At leasttwo dozen sexually transmìtted díseases (STDs)/ 
sexually transmìtted ìnfeetìons (STIs) ean be acquired 
primarily or exclusively by sexual intercourse. 
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GHAPTER 26 REVIEVV • The Reproductive System (continued) 


ehapter Revìevv Questìons 

Labelìng 

Label the male and female reproductive structures shown here. 



True/False 


indieate whether eaeh statement is true or false. 



The prostate gland is the site of sperm maturation. 

Seeondary spermatoeytes eontain 23 ehromosomes. 

In the male, LH induces the seeretion of testosterone and other androgens by 
the interstitial eells of the testes. 


23 

24 



At the end of meiosis II in females, four functional ooeytes are produced. 

A massive surge of LH on or around day 14 of the menstrual eyele triggers 
ovulation and formation of the corpus luteum. 

Gardasil is a vaeeine that proteets against the virus that causes about 75 pereent 
of ovarian eaneers. 



23 

24 



IVIultìple ehoíee 

Seleet the eorreet answer from the list provided. 



In females, meiosis II is not eompleted until 

Q a) birth. 

Q b) ovulation. 

Q e) fertilization. 

Q d) uterine implantation. 



Progesterone seeretion is performed by the 

Q a) primary folliele. 

Q b) seeondary folliele. 

Q e) corpus luteum. 

Q d) corpus albieans. 
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Spermatogenesis begins with the division of spermatogonia in the 

Q a) epididymis. 

Q b) seminiferous tubules. 

Q c) ductus deferens. 

Q d) bulbourethral glands. 



Estrogens are produced by 

Q a) the zona pellucida and the eorona radiata. 

Q b) primordial follieles and the zona pellucida. 

Q e) primary ooeytes and eells of the corpus luteum. 
Q d) theeal eells and granulosa eells. 



Ereetion of the penis is a result of 

Q a) parasympathetie neurons releasing nitrie oxide at their 

axon terminals, causing the penile arteries to dilate, 
inereasing blood flow to the penis. 

Q b) sympathetie neurons releasing nitrie oxide at their axon 

terminals, causing the penile arteries to dilate, inereasing 
blood flow to the penis. 

Q e) parasympathetie neurons releasing nitrie oxide at their 

axon terminals, causing the penile veins to eonstriet, 
deereasing blood flow from the the penis. 

Q d) sympathetie neurons releasing nitrie oxide at their axon 

terminals, causing the penile veins to eonstriet, deereasing 
blood flow from the penis. 



About 60 pereent ofthe volume of semen is produced by the 

□ a) seminal glands. 

Q b) prostate gland. 

Q e) bulbourethral glands. 

Q d) ductus deferens. 


Short answer 



Explain how oral eontraeeptives that eontain estrogen and 
progesterone, or only progesterone, prevent ovulation. 



VVhat happens to the tertiary folliele after ovulation? 



Identify the sterilization procedures for men and women. How is 
sexual function affeeted as a result of eaeh? 


MasteringA&P® 
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ehapter Integratíon • Applyíng what you have learned 


Exercíse and the absenee of menstrnatíon 

Exercise'induced amenorrhea, the abnormal absenee of long-term exercise'induced amenorrhea, women 


of menstrnation, occurs in 5-25 pereent of women 
athletes. The variability depends on the level of 
eompetition and type of sport. For example, female 
bodybnilders and ballet daneers, both of whom are 
likely to have low body fat, eommonly experience 
amenorrhea. Among well'nourished female athletes, 
hard training and exercise may cause the release 
of stress hormones, which then interfere with 
the pitnitary gland s prodnetion of the hormones 
neeessary for maintaining the menstrnal eyele. 

Althongh temporary eessation of menstrnal 
eyeles itself is not dangerons, there are long-term 
health consequences for prolonged exercise-induced 
amenorrhea in premenopansal women. As a result 


beeome estrogen defìeient, which ean 
lead to other health-related consequences. 

Onee the diagnosis is eonfirmed, treatment 
involves inereasing ealorie intake and restoring estrogen 
levels to the normal range. In most eases, exercise- 
indneed amenorrhea is reversible with treatment. 





What does amenorrhea in female athletes 
suggest about the relationship between body 
fat and menstruation? 

How might exercise-induced amenorrhea 
affeet pregnaney? 

What are some health-related consequences 
of estrogen defieieney? 
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LEARNING OUTCOMES 


These Learning 
Onteomes 
eorrespond 
bynnmberto 
this ehapter's 
modnles and 
indieate what 
you should be 
able to do after 
eompleting 
the ehapter. 

V J 


^ SEGTION 1 


Overvíew of Development 


27.1 

27.2 

27.3 

27.4 

27.5 

27.6 

27.7 

27.8 

27.9 

27.10 

27.11 

27.12 


Deseribe the various stages of gestation and development. 

Deseribe the proeess of fertilization, and explain the signifieanee of multiple sperm to 
ensuring its success. 

Discuss eleavage, blastoeyst formation, and implantation of the blastoeyst in the uterine 
wall. 

Deseribe gastrulation and the formation of the three germ layers. 

Identify and deseribe the formation, loeation, and functions of the extra-embryonic 
membranes. 

Discuss the roles of the extra-embryonic membranes in embryonie development and 
plaeenta formation. 

Discuss the importanee of the plaeenta to the fetus and as an endoerine organ. 

Deseribe organogenesis and its role in the developing fetus. 

Deseribe the interplay between maternal organ systems and the developing fetus. 

List and discuss the events that occur during labor and delivery. 

Identify the features of and the functions assoeiated with the various life stages. 

Explain the roles of hormones in males and females at puberty. 


(S) 

Learning Onteomes 
arerepeated atthe 
bottomofeaeh 
module. 


^SECTION2 


Genetìes and inherìtanee 


27.13 J 


27.14 

27.15 


27.16 


F 


Deseribe geneties and inheritanee and the relationship between genotype and 
phenotype. 

Relate the basie prineiples of geneties to the inheritanee of human traits. 


Deseribe the relationships among the various 
forms of inheritanee, and give examples of 
representative phenotypie eharaeters, 
both normal and abnormal. 

□ CUNICALMODULE Identify several 
ehromosomal disorders, and deseribe 
the human genome and epigenome. 
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Module 27.1 
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SECTION 1 • Overvíevv of Development 


Gestation and development are marked by various stages 


Gestation (jes-TÀ-shnn) is the 

time spent in prenatal develop- 

ment within the womb. Develop- 
ment is the gradnal modifieation 
of anatomieal strnetnres and physi- 
ologieal eharaeteristies dnring the 
period from fertilization to matnrity. 
The ehanges that oeenr dnring 
development are trnly remarkable. 

In a mere 9 months, all the tissnes, 
organs, and organ systems we have 
stndied so far take shape and begin to 
fnnetion. What begins as a single eell 
slightly larger than the period at the 
end of this sentenee beeomes an 
individnal whose body eontains 
trillions of eells organized into a 
complex array of highly speeialized 
strnetnres. 







Fetal development 

begins at the start of the 
ninth weekand continues 
until birth. Embryonie 
and fetal development 
are sometimes referred to 
eolleetively as prenatal 

inatus, birth) development, 

the primary focus of this 
ehapter. 


16 weeks 


Prenatal Development 

Embryonie development eomprises the 
events that occur during the first 2 months after 
fertilization.The study of these events is ealled 
embryology (em-brè-OL-ó-jè). 


4 weeks 


8 weeks 


Gestatìon 



FírstTrìmester 

The first trímester is 

the time of embry- 
onie and early 
fetal development. 
During this time, the 
rudiments (beginning 
structures) of all the 
major organ systems 
appear. 

Seeond Trìmester 

The seeond trìmester is 

dominated by the development 
of organs and organ systems, a 
proeess that nears eompletion 
by the end of the sixth month. 
During this time, body shape 
and proportions ehange. By the 
end of this trimester, the fetus 
looks distinetively human. 

ThirdTrìmester 

The third trimester is eharaeterized 
by the largest gain in fetal weight. 

Early in the third trimester, most 
of the fetus's major organ systems 
beeome fully functional. An infant 
born 1 month or even 2 months 
prematurely has a reasonable 
ehanee of survival if appropriate 
medieal eare is available. 


Postnatal development begins at 
birth and continues to maturìty, 
the state of full development or 
eompleted growth. A basie 
understanding of prenatal and 
postnatal development gives 
important insights into anatomieal 
structures. In addition, many of 
the meehanisms of development 
and growth are similar to those 
responsible for tissue repair 
following injury. 


2 


For eonvenienee, we nsnally think of 
the gestation period as three integrated 


trimesters, eaeh 3 months long. 


l\/lodule27.1 Revìew 


a. Definegestation. 

b. Distinguish among embryonie, fetal, and prenatal 
development. 

e. What is postnatal development? 


(S) 27.1 Deseribe the various stages of gestation and development. 
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Module27.2 
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At fertílization, an ovum and a spermatozoon 
form a zygote that prepares for eell division 

Fertilization involves the fnsion of two haploid gametes, eaeh eontaining 
23 ehromosomes, prodneing a zygote (Zl-gót) with 46 ehromosomes—the normal 
eomplement in a somatie eelL Fertilization typieally oeenrs near the jnnetion between the 
ampnlla and isthmns of the nterine tube, generally within a day after ovulation. 



Fertilization 


Step 1 

Ooeyte at Ovulatìon 

Ovulation releases a seeondary ooeyte 
and the first polar body; both are 
surrounded bytheeorona radiata.The 
ooeyte is suspended in metaphase of 
meiosis II (l\/lodule 26.10, p. 10O^). 


Gorona First polar 

radiata body 



Zona 

pellucida 


Step 3 

Pronucleus Formatìon Begìns 

The sperm is absorbed into the 
eytoplasm, and the female nuclear 
material within the ovum reorganizes 

as the female pronucleus. 

membrane fusion occurs, triggering ooeyte 
aetivatíon^ and the eompletion of meiosis. 

The seeondary ooeyte is now an ovum. 


Step 2 

Fertilìzation and Ooeyte Aetivation 

Aerosomal enzymes from multiple 
spermatozoa ereate gaps between the eells of 
the eorona radiata. A single spermatozoon then 
makes eontaet with the ooeyte membrane, and 


Fertilizing Seeond polar Nucleusof Female 

spermatozoon body fertilizing pronucleus 



2 


This is a photograph of a seeondary 
ooeyte surrounded by spermatozoa. 


The fnnetion of a spermatozoon is to deliver 
the paternal (father s) ehromosomes to the 
seeondary ooeyte and then faeilitate the 
proeess of fertilization. In eontrast, the 
seeondary ooeyte provides all the eellnlar 
organelles and inelnsions, nonrishment, and 
genetie programming neeessary to snpport 
embryo development for nearly a week after 
eoneeption. The volume of the seeondary 
ooeyte is now 2000 times greater than that 
of a spermatozoon. 



*Note: Ooeyte aetivation is a series of ehanges 
in the metabolie aetivity of the ooeyte leading 
to Ca2+ release from the smooth ER.The rise 
in Ca2+ has three effeets: (1) Enzymes are 
released that prevent fertilization by more 
than one sperm, (2) eompletion of meiosis II 
and formation of the seeond polar body, and 
(3) aetivation of enzymes that cause a rapid 
inerease in the eell's metabolie rate. 
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Step 4 

Spìndle Formatìon and Geavage 
Preparatíon 

The male pronucleus develops, and 
spindle fibers appear in preparation for 
eell division.This is the start of the proeess 
of eleavage, a series of eell divisions that 
produces an inereasing number of smaller 
and smaller daughter eells. 


Step 5 

Amphímíxís Occurs and Gleavage Begins 

The male pronucleus migrates tovvard the 
eenter of the ovum, vvhere the spindle fibers are 
forming.The tvvo pronuclei then fuse in a proeess 
ealled amphímìxís (am-fi-l\/llK-sis).The eell is novv 
a zygote that eontains the normal eomplement 
of 46 ehromosomes. Fertilization is eomplete. 


Step 6 

eytokínesís Begíns 

The first eleavage division nears 
eompletion about 30 hours after 
fertilization.This division produces 
tvvo daughter eells, eaeh one-half the 
size of the original zygote.These eells 
are ealled blastomeres (BLAS-tó-mèrz). 


Male Female 

pronucleus pronucleus 



Spindle 

formation 



Metaphase of first 
eleavage division 



This is the"moment of conception."Almost 
immediately the ehromosomes line up along 
a metaphase plate, and the eell prepares to 
divide. 



Blastomeres 



Of the approKÌmately 200 million spermatozoa introdneed into 
the vagina in a typieal ejaenlation, only abont 10,000 enter a 
nterine tube, and fewer than 100 reaeh the isthmus. In general, 
a male with a sperm count below 20 million per milliliter is 
fnnetionally sterile beeanse too few spermatozoa snrvive to reaeh 
and fertilize an ooeyte. While it is true that only one spermato- 
zoon fertilizes an ooeyte, dozens of spermatozoa are required for 
successful fertilization. The additional sperm are essential beeanse 
one sperm does not eontain enough aerosomal enzymes to 
disrnpt the eorona radiata that surrounds the seeondary ooeyte. 


Moelale 27.2 Revìew 


a. Definefertilization. 

b. Hovv many ehromosomes are 
eontained vvithin a human zygote? 

e. Why are numerous spermatozoa 
required to fertilize a seeondary 
ooeyte? 


27.2 Deseribe the proeess of fertilization, and explain the 
signifieanee of multiple sperm to ensuring its success. 
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Module27.3 

j 


eieavage contìnues untìl the 
blastoeyst ìmplants ín the uterìne wall 

During eleavage, the eytoplasm of the zygote beeomes subdivided among 
an inereasing number of progressively smaller blastomeres. A group of 
blastomeres ereated by eleavage divisions is ealled a pre'embryo. 

eieavage lasts about 7 days. During that time the pre-embryo travels the 
length of the nterine tube. After 3 days, the pre-embryo is a solid ball of eells 
known as a morula (MOR-u-la; morns, mnlberry). The mornla typieally reaehes 
the uterus on day 4. Over the next 2 days, the blastomeres form a blastoeyst (BLAS- 
tó-sist), a hollow ball with an inner eavity known as the blastoeoele (BLAS-tó-sèl). 

At this stage the blastomeres are no longer identieal in size and shape. 



i 


Fìrst eieavage Dívìsíon 


Day 1: Two-Cell Stage 


Day 2: Four-Cell Stage 


Day 3: Early Morola 


Day 4: Advaneed Morola 


Polar bodies 




. \ 



Blastomeres 



Blastomeres 




Zona pellucida 



Fertilization 



Loss of zona pellucida 
and transport to uterus 


Ovulation 
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Day 6: Blastoeyst 


FUNCTIONALZONE 
OF END0IV1ETRIUM 


GAVITY 



The blastoeyst is freely exposed to 
the fluid eontents of the uterine eavity 
with the loss of the zona pellucida. 

The uterine eavity eontains the 
glyeogen-rieh seeretions of the uterine 
glands.The rate of growth and eell 
division now aeeelerates, and the 
blastoeyst enlarges rapidly. 


Day 7: Implantatíon 


When fully formed, the blastoeyst eontaets 
the endometrium. Implantatìon begins 
with the attaehment of the blastoeyst to the 
endometrium of the uterus. Implantation 
proeeeds as the blastoeyst erodes the 
endometrial lining and beeomes enelosed 
within the endometrium by day 10. 


Day 8: Trophoblast Development 


At the point of eontaet, the trophoblast 
eells divide rapidly, making the trophoblast 
several layers thiek.The eells elosest to the 
blastoeoele remain intaet, forming a layer of 
cellulartrophoblast. Nearthe endometrial 
wall, the plasma membranes separating the 
trophoblast eells disappear, ereating a layer 
of eytoplasm eontaining multiple nuclei.This 
layer is ealled the syneytíal (sin-SISH-ul) 
trophoblast. 


Day 9: Formatíon of Amníotíe Gavíty 


As implantation proeeeds, the syneytial 
trophoblast continues to enlarge and erode 
the surrounding endometrium. Nutrients 
released by the eroding uterine glands 
are absorbed by the syneytial trophoblast 
and distributed by diffusion through the 
underlying cellular trophoblast to the inner 
eell mass.These nutrients provide the energy 
needed to support the early stages of 
embryo formation.Trophoblastie extensions 
(villi) grow around endometrial eapillaries. 

As the eapillary walls are destroyed, maternal 
blood begins to pereolate through tropho- 
blastie ehannels known as lacunae. 


Dterine 



Blastoeyst 


The trophoblast (TRÒ-fó-blast; 
trophos, food + blast, precursor) 
is the eell layer surrounding the 
blastoeyst.The eells in this layer 
nourish the embryo and later 
form part of the plaeenta. 


Blastoeoele 


The ínner eell mass lies 
clustered at one end of the 
blastoeyst. These eells are 
exposed to the blastoeoele but 
are insulated from eontaet with 
the intrauterine environment 
by the trophoblast. In time, the 
inner eell mass will form the 
embryo. 


Cellular trophoblast 


Fingerlike villi extend away 
from the trophoblast into the 
surrounding endometrium, 
gradually inereasing in size 
and complexity. 


Lacuna 


At the time of implantation, the 
inner eell mass has separated 
from the trophoblast. The 
separation gradually inereases, 
ereating a fluid-filled ehamber 
ealled the amniotie (am-né- 
OT-ik) eavity. 


Moelyle 27.3 Revìew 


Identify thefinal stageof development 
that results from eleavage. 

b. Deseribethetrophoblast. 

e. Deseribe the blastoeyst and its role in 
implantation. 


27.3 Discuss eleavage, blastoeyst formation, and 
implantation of the blastoeyst in the uterine wall. 
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Module27.4 


Gastrulatìon produces three germ layers: 
eetoderm, endoderm, and mesoderm 


Day 9: Formatìon of Amnìotìe Gavìty (contìnued) 

When the amniotie eavity first appears, the eells of 
the inner eell mass are organized into an oval sheet 
known as the blastodìse.The early blastodise is two 
layers thiek: a superficial layer that faees the amniotie 
eavity, and a deeper layer that is exposed to the fluid 
eontents of the blastoeoele. Cells of the superficial 
layer migrate along the walls of the amniotie eavity 
and separate the amniotie eavity from the tropho- 
blast.This is the first step in the formation of the 
amníon, one of four extra-embryoníc membranes 
we will eonsider further in l\/lodule 27.5. At this stage 
nutrients released into the amnion and blastoeoele by 
the advaneing trophoblast are absorbed direetly by 
the eells of the blastodise. 



Blastodise 


Amniotie eavity 
Blastoeoele 


-Amnion 

Cellular trophoblast 


Day 10: Yolk Sae Formation 


While eells from the superficial layer of the inner eell 
mass migrate around the amniotie eavity, forming the 
amnion, eells from the deeper layer migrate around 
the outer edges of the blastoeoele.This is the first 
step in the formation of the yolk sae, a seeond 
extra-embryonic membrane. For roughly the next 
2 weeks, the yolk sae is the primary nutrient source 
for the inner eell mass. It absorbs and distributes 
nutrients released into the blastoeoele by the 
trophoblast. 


Day 12: Gastmlatíon 

By day 12, superficial eells of the blastodise are 
migrating toward a eentral line known as the 
prìmítìve streak. Here, the migrating eells leave the 
surface and move between the two existing layers. 
This movement ereates three distinet embryonie 
layers: (1) the eetoderm, eonsisting of superficial eells 
that did not migrate into the interior of the blastodise; 
(2) the endoderm, eonsisting of the eells that faee the 
yolk sae; and (3) the mesoderm, eonsisting of the 
poorly organized layer of migrating eells between 
the eetoderm and the endoderm. Collectively, these 
three embryonie layers are ealled germ layers, and 
the migration proeess is ealled gastrulatíon 
(gas-troo-LÀ-shun). Gastrulation produces an oval, 
three-layered sheet known as the embryoníe dise. 
This dise will form the body of the embryo, whereas 
all other eells of the blastoeyst will be part of the 
extra-embryonic membranes. 


Eetoderm 


Primitive 

streak 


Yolksae 


Lacuna 



Syneytial trophoblast 
Cellular trophoblast 


Yolk sae 


Mesoderm 


Endoderm 


Embryonie dise 
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The panels to the left illnstrate the formation of the three germ layers, 
and the table below snmmarizes their importanee to later development. 


The Fates of the Germ Layers 

Body System 

Eetodermal Contributions 

lntegumentary system 

Epidermis, hair follieles and hairs, nails, and glands communicating with the skin (sweat glands, mammary 
glands, and sebaceous glands) 

Skeletal system 

Pharyngeal eartilages and their derivatives in adults (portion of sphenoid, the auditory ossieles, the styloid 
proeesses of the temporal bones, the cornu and superior rim of the hyoid bone) 

Nervous system 

All neural tissue, including brain and spinal eord 

Endoerìne system 

Pituitary gland and adrenal medullae 

Respìratory system 

l\/lucous epithelium of nasal passageways 

Dìgestìve system 

l\/lucous epithelium of mouth and anus, salivary glands 

Mesodermal Contrìbutìons 

lntegumentary system 

Dermis and hypodermis 

Skeletal system 

All structures except some pharyngeal derivatives 

Muscular system 

All structures 

Endoerìne system 

Adrenal cortex, endoerine tissues of heart, kidneys, and gonads 

Cardìovascular system 

All structures 

Lymphatìe system 

All structures 

Llrìnary system 

The kidneys, including the nephrons and the initial portions of the eolleeting system 

Reproductìve system 

The gonads and the adjaeent portions of the duct systems 

Mìscellaneous 

The lining of the pleural, perieardial, and peritoneal eavities and the eonneetive tissues that support all 
organ systems 

Endodermal Contrìbutìons 

Endoerìne system 

Thymus, thyroid gland, and panereas 

Respìratory system 

Respiratory epithelium (except nasal passageways) and assoeiated mucous glands 

Digestíve system 

l\/lucous epithelium (except mouth and anus), exocrine glands (except salivary glands), liver, and panereas 

Llrìnary system 

Llrinary bladder and distal portions of the duct system 

Reproductive system 

Distal portions of the duct system, stem eells that produce gametes 


The trophoblast nndergoes repeated nnelear divisions, shows extensive 
and rapid growth, has a very high demand for energy, invades and spreads 
throngh adjaeent tissnes, yet fails to aetivate the maternal immnne system— 
in short, the trophoblast has many of the eharaeteristies of eaneer eells. 

In abont 0.1 pereent of pregnaneies, something goes wrong with the 
regnlatory meehanisms, and instead of developing normally, the syneytial 
trophoblast behaves like a tnmor. This eondition is ealled gestational 
trophoblastie neoplasia. Approximately 20 pereent of gestational tropho- 
blastie neoplasias metastasize to other tissnes, with potentially fatal resnlts. 
Consequently, prompt surgical removal of the mass is essential, and the 
snrgery is sometimes followed by ehemotherapy. 


Modyle 27.4 Revíew 


a. Deseribegastmlation and the 
formation of the germ layers. 

b. What germ layer gives rise to nearly all 
body systems except the nervous and 
respiratory systems? 

e. Define gestational trophoblastie 
neoplasia. 


(S) 27.4 Deseribe gastrulation and the formation of the three germ layers. 
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Module27.5 



The extra-embryoníc membranes form the plaeenta 
that sopports fetal grovvth and development 

Germ layers form four extra-embryonic membranes: the yolk sae (endoderm 
+ mesoderm), the amnion (eetoderm + mesoderm), the allantois (endoderm 
+ mesoderm), and the ehorion (mesoderm + trophoblast). Although these 
membranes snpport embryonie and fetal development, few traees of their 
existence remain in adult systems. 


Formation of the Yolk Sae 


Formatíon of the Amníon 


The yolk sae begins as a layer of 
eells spread out around the outer 
edges of the blastoeoele to form 
a eomplete pouch.This pouch 
is already visible 10 days after 
fertilization. 


ehoríon 


Cellulartrophoblast 

Mesoderm 


As gastrulation proeeeds, 
mesodermal eells migrate 
around the pouch and 
eomplete the formation of the 
yolk sae. Blood vessels, which 
appear first in the mesoderm 
of the yolk sae, eolleet and 
distribute nutrients absorbed 
from the blastoeoele.The 
vascular network of the yolk 
sae is also an important site 
of blood eell formation. 



Endometrium 


Day 10 



Syneytial trophoblast 


Cellulartrophoblast 


The amnìon (AM-nè-on) begins as 
eells from the blastodise migrate 
around a eavity that separates the 
inner eell mass from the trophoblast. 


Blastoeoele 



Llterine 


As gastrulation proeeeds, 
mesodermal eells migrate 
away from the embryonie dise, 
moving between the eetoder- 
mal lining of the amniotie 
eavity and the surrounding 
cellulartrophoblast.This 
eombination of mesoderm and 
eetoderm is the eompleted 
amnion. 


The amniotie eavity eontains 
amniotie fluid, which 
surrounds and cushions the 
developing embryo orfetus. 


Blastoeoele 
Syneytial trophoblast 


Day 14 
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Formatíon of the Allantois 


Formatíon of the Ghoríon 


Endometrium 


The allantoìs (a-LAN-tó-is) 
begins as an outpocketing 
of the endoderm near the 
base oftheyolksae. Thefree 
endodermal tip then grows 
toward the wall of the 
blastoeyst, surrounded by a 
mass of mesodermal eells. 


Amniotie eavity 

Embryo 

Llterine eavity 



The mesoderm assoeiated 
with the allantois spreads 
around the blastoeyst, 
separating the cellular 
trophoblast from the 
blastoeoele. This eombination 
of mesoderm and trophoblast 
is the ehorìon (KÒ-rè-on). 


Blastoeoele 
Syneytial trophoblast 


Week3 


The allantois extends partway 
into the umbilical stalk.The 
base of the allantois will form 
the urinary bladder. 


Amniotie eavity 
Blastoeoele 

Embryo 

Uterus 
Uterine eavity 



Umbilical stalk 


The plaeenta forms the 
interfaee between 
embryonie/fetal and maternal 
systems. It develops as villi of 
the ehorion invade the 
endometrium and break 
down maternal blood vessels. 
The plaeenta beeomes the 
primary support structure 
for the developing embryo 
(and later, the fetus).The 
plaeenta is the site where 
oxygen and nutrients are 
absorbed from the maternal 
bloodstream and exchanged 
for earbon dioxide and wastes. 


Yolksae 


Modale 27.5 Revìew 


Week5 


Name the four extra-embryonic 
membranes. 

From which germ layers do the extra- 
embryonie membranes form, and what 
are eaeh membrane'sfunctions? 


e. Deseribethe plaeenta. 


27.5 Identify and deseribe the formation, loeation, 
and functions of the extra-embryonic membranes. 
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Module27.6 



The formatíon of extra-embryonìc membranes 
ís assoeiated with major ehanges in the 
shape and complexity of the embryo 


Week2 

Migration of mesoderm around the 
inner surface of the trophoblast 
ereates the ehorion. Mesodermal 
migration around the outside of 
the amniotie eavity, betvveen the 
eetodermal eells and the trophoblast, 
forms the amnion. Mesodermal 
migration around the endodermal 
pouch ereates the yolk sae. 


Syneytial 

trophoblast Amnion Yolksae 


f 


Blastoeoele Cellular Mesoderm 

trophoblast 


ehorion 



Week3 

The embryonie dise bulges into the 
amniotie eavity at the head fold.The 
allantois, an endodermal extension 
surrounded by mesoderm, extends 
tovvard the trophoblast. 


Amniotie eavity 
Headfold (eontaining 
ofembryo amniotie fluid) Allantois 




ehorion Syneytial 

trophoblast 




Week4 

The embryo novv has a taíl fold as vvell 
as a head fold.The anterior/posterior, 
left/right, and superior/inferior axes of 
the developing embryo are novv elearly 
established.The eonneetions betvveen the 
embryo and the surrounding trophoblast 
begin to eonstriet. 


Embryonicgut Headfold 


Yolk sae 


The body stalk, the 

eonneetion betvveen 
embryo and ehorion, 
eontains the distal 
portions of the 
allantois and blood 
vessels that earry 
blood to and from 
the plaeenta. 


The narrovv 
eonneetion 
betvveen the 
endoderm 
of the 

embryo and 
theyolksae 
is ealled the 

yolkstalk. 

Tail fold 


Mesoderm extends along the eore 
of eaeh trophoblastie villus, forming 
ehoríoníe vìllì in eontaet vvith 
maternal tissues. Embryonie blood 
vessels develop vvithin eaeh villus. 
Blood flovv through those ehorionie 
vessels begins early in the third 
vveek of development, vvhen the 
embryonie heart starts beating. 


As the ehorionie villi enlarge, more 
maternal blood vessels are eroded. 
Maternal blood novv moves slovvly 
through complex lacunae lined by 
the syneytial trophoblast. Ghorionie 
blood vessels pass elose by, and gases 
and nutrients diffuse betvveen the 
embryonie and maternal circulations 
aeross the layers of the trophoblast. 
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Week5 


The developing embryo and extra-embryonic membranes bulge 
into the uterine eavity.The trophoblast pushing out into the 
uterine eavity remains eovered by endometrium but no longer 
partieipates in nutrient absorption and embryo support.The 
embryo moves away from the plaeenta, and the body stalk and 
yolk stalk fuse to form an uimbìlìcal stalk. 


Uterus l\/lyometrium Umbilical stalk Plaeenta 



Week 10 


The amnion has expanded greatly, filling the uterine eavity. 
The fetus is eonneeted to the plaeenta by an elongated 
uimbìlìcal eord that eontains a portion of the allantois, 
blood vessels, and the remnants of the yolk stalk. 


Amniotie eavity Umbilical eord Plaeenta 



Modyle 27.6 Revíew 


a. Deseribetheehorionie villi. 

b. Gompare the body stalkwith the yolk 
stalk. 

e. Identify the structure eonneeting the 
fetus to the plaeenta, and name the 
extra-embryonic membrane from 
which it is derived. 


27.6 Discuss the roles of the extra-embryonic membranes 
in embryonie development and plaeenta formation. 


Seetion 1: Overview ofDevelopment • 1037 














































Module27.7 

j 


The plaeenta performs many vìtal 
functìons during prenatal development 



This illustration gives a eloser look at the structure of 
the plaeenta. The ehorionie villi provide the snrfaee area 
for aetive and passive exchange of gases, nntrients, and wastes 
between the fetal and maternal bloodstreams. Blood flowing 
to the plaeenta throngh the paired umbilical arteries is deoxygen- 
ated (blue-colored) and eontains wastes generated by fetal tissnes. 

At the plaeenta, oxygen snpplies are replenished, organie nntrients 
are added, and earbon dioxide and other organie wastes are removed. 
Oxygenated blood (red-eolored) then retnrns to the fetus within a 
single umbilical vein. Reeall that arteries earry blood away from the 
heart, and veins earry blood toward the heart (Module 18.2, p. 652). 



Area filled with 
maternal blood 


Syneytial 

trophoblast 


Fetal blood 
vessels 


Embryonie 

eonneetive 

tissue 


Llmbilieal eord (cut) 


Yolk sae 


Plaeenta 


ehorionie villus, eross seetion 


LM X 280 


Amnion 


ehorion 



ehorionie 

villi 


l\/lyometrium 
Llterine eavity 


Area filled with 
maternal blood 


Gervieal 
(mucous) plug 
in eervieal 


Maternal 
blood vessels 


External os 

Cervix 

Vagina 


vein 


arteries 


Amnion Trophoblast (cellular 

and syneytial layers) 
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In addition to snpplying nntrients 
to the fetns, the plaeenta aets as an 


endoerine organ. Several hormones are 
synthesized by the syneytial trophoblast 
and released into the maternal blood- 
stream. 



— 

Plaeental Hormones 

Hornan Chorìonìc Gonadotropìn 

Homan ehorìonìe gonadotropìn (hCG) appears in the maternal bloodstream 
soon after implantation has occurred.The presenee of hCG in blood or urine 
samples provides a reliable indieation of pregnaney. Over the counter kits sold 
for the early deteetion of pregnaney are sensitive to the presenee of this hormone 
in urine. Functionally, hCG resembles LH, because it maintains the integrity of the 
corpus luteum and promotes the continued seeretion of progesterone. As a 
result, in pregnaney the endometrial lining remains perfeetly functional, and 
menses does not occur. In the presenee of hCG, the corpus luteum persists for 
3-4 months before gradually deereasing in size and seeretory function.The 
deeline in luteal function does not trigger the return of uterine eyeles, because 
by the end of the first trimester, the plaeenta is seereting both estrogens and 
progesterone. 


Human Plaeental Laetogen 

Human plaeental laetogen (hPL) helps prepare the mammary glands for milk 
production.The mammary glands eonvert from inaetive to aetive status when 
stimulated by plaeental hormones (hPL, estrogens, and progesterone) and 
several maternal hormones (GH, prolaetin, and thyroid hormones). 


Relaxìn 

Relaxìn is a peptide hormone that is seereted by the plaeenta and the corpus 
luteum during pregnaney. Relaxin (1) inereases theflexibility ofthe pubic 
symphysis, permitting the pelvis to expand during delivery; (2) causes dilation of 
the cervix, making it easier for the fetus to enter the vaginal eanal; and (3) delays 
the onset of labor eontraetions until late in the pregnaney. 


Progesterone and Estrogens 

After the first trimester, the plaeenta produces sufficient amounts of progester- 
one to maintain the endometrial lining and continue the pregnaney. As the end 
ofthe third trimester approaehes, estrogen production by the plaeenta aeeeler- 
ates. As we will see in a later module, the rising estrogen levels play a role in 
stimulating laborand delivery. 


Modyle 27.7 Revíew 


a. Name the hormones synthesized by 
the syneytial trophoblast. 

b. The presenee of which hormone in the 
urine provides a reliable indieator of 
pregnaney in home pregnaney tests? 

e. VVhen does the plaeenta beeome 
sufficiently functional to continue the 
pregnaney? 


(S) 27.7 Discuss the importanee of the plaeenta to the fetus and as an endoerine organ. 
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Module27.8 



Organ systems form in the fìrst trimester and beeome 
fonetional in the seeond and third trimesters 


The first trimester is a eritieal period for development, beeanse events in the first 
12 weeks establish the basis for organogenesis, the proeess of organ formation. 
Over the next two trimesters the fetns grows larger and the organ systems inerease 
in complexity to the stage at which they are eapable of normal fnnetion. 



This is a seanning eleetron mierograph of an embryo 
in the seeond week of development. The CNS is 
forming as a deep groove develops in a thiek eetodermal 
band that lies along the posterior midline of the embryo. 


This photograph of a 4-week-old embryo shows many 
featnres you ean probably reeognize easily. The heart is 
beating, pushing blood to and from the plaeenta, providing the 
nntrients needed to promote additional growth and development. 




Future head 
of embryo 

Thiekened neural 
plate (will form brain) 

Gentral eanal of 
future spinal eord 

Somites (mesodermal 
bloeks that will form 
muscles and vertebrae) 

Neural folds (fuse to 
enelose brain ventrieles 
and eentral eanal of 
spinal eord) 

Cut wall of 
amnion 



l\/ledulla 

oblongata 

Ear 

Forebrain 

Eye 

Heart 
Body stalk 

Arm bud 

Leg bud 
Tail 


3 


By week 6, the plaeenta has formed and the embryo 


floats within the amniotie eavity. Body proportions 
are ehanging, the limbs are growing longer, and the skull 
bones are beginning to organize around the already- 
formed brain and eyes. 



ehorionie villi 


Amnion 

Llmbilieal 

eord 


4 


At the end of the first trimester, the 
fetus is eonsiderably larger and its 


human featnres better defined. The axial and 
appendienlar mnseles are forming, and fetal 
movements will soon begin. 
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This is a fetus after 4 months of gestation. The faee and palate have 


their proper form; the eerebral hemispheres are rapidly enlarging. 
Hair follieles are present, and hair growth begins. Peripheral nerves have 
formed, sensory reeeptors are developing, and the fetus moves frequently. 
The first 8 weeks of fetal growth are the most rapid, with the fetus 
inereasing in weight some twenty-five-fold. By the end of the seeond 
trimester, the fetus will have grown to a weight of about 0.64 kg (1.4 Ib). 



Multiple births (twins, triplets, and so forth) ean take plaee for several 


7 


reasons. The ratio of twin births to single births in the U.S. popnlation is 
about 1:89. “Fraternal,” or dizygotie (di-zi-GOT-iek), twins develop when two 
separate ooeytes are ovnlated and fertilized. Seventy pereent of twins are dizygotie. 

“identieal,” or monozygotie, twins result either from the separation of 
blastomeres early in eleavage or from the splitting of the inner eell mass before 
gastrnlation. In either event, the 


genetie makeup of the twins is 
identieal beeanse both formed 
from the same pair of gametes. 

Mnltiple births ean result 
from multiple ovulations, 
blastomere splitting, or 
some eombination of the 
two. Infertility treatments 
may also lead to mnltiple 
births. 




/ 


í 



i 




> 
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This is an ultrasound of a fetus 
after 6 months of gestation. 
During the third trimester, most of 
the organ systems beeome ready to 
fnnetion normally without maternal 
assistanee. The rate of growth starts 
to slow, but in absolnte terms the 
largest weight gain occurs in this 
trimester. In the final 3 months 
of gestation, the fetus gains about 
2.6 kg (5.7 Ib), reaehing a full-term 
weight of approximately 3.2 kg (7 Ib). 


l\/lodule 27.8 Revìew 



a. Defineorganogenesis. 

b. Identify the main event in fetal 
development during the seeond trimester 
and third trimester. 

e. During which trimester does the fetus 
undergo its largest absolute weight gain? 


(S) 27.8 Deseribe organogenesis and its role in the developing fetus. 
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Module27.9 



Pregnaney plaees anatomìeal and physiologieal 
stresses on maternal systems 

Pregnaney plaees tremendons strains on the mother. The 
developing fetns is totally dependent on maternal organ systems 
for nonrishment, respiration, and waste removal. Maternal 
systems perform these fnnetions in addition to their normal 
operations. For example, the mother must absorb enough oxygen, 
nntrients, and vitamins for herself and for her fetus, and she must 
eliminate all the wastes that are generated. Althongh this is not a 
burden over the initial weeks of gestation, the demands plaeed on 
the mother beeome signifieant as the fetus grows. 

The physieal strains of pregnaney are eonsiderable. It is not 
unusual for a woman to gain 11-16 kg (25-35 Ib) in weight 
during pregnaney, and the weight is not aligned with the body 
axis. This means that moving and maintaining balanee use 
additional energy. The seetional views below eompare the organ 
positions in nonpregnant and pregnant women. When the 
pregnaney is at full term, the uterus and fetus are so large that 
they push many of the maternal abdominal organs out of their 
normal positions. 




Small intestine 



Diaphragm 


Liver 
Stomaeh 


Panereas 


Transverse eolon 


Uterus 


t 

li 


Urinary bladder 
Pubic symphysis 

Rectum 


Urethra 

Vagina 


n: 



Plaeenta 



Fundus of uterus 


Umbilical eord 


Gervieal (mucus) 
ug in eervieal 
eanal 


External os 


Nonpregnant female 


Pregnant female (full-term ínfant) 
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The physiologieal stresses are even more extreme 
than the physieal ones. This is a snmmary of the 


physiologieal ehanges that have oeenrred in maternal 



The volume of blood flovving into the 
plaeenta deereases the volume in the 
systemie circuit of the mother. At the same 
time,fetal metabolie activity"steals"maternal 
oxygen and inereases maternal GO^ levels. 
This eombination stimulates the production 
of renin and erythropoietin, leading to an 
inerease in maternal blood volume. By the 
end of gestation, maternal blood volume has 
inereased by almost 50 pereent. 


Pregnant vvomen must nourish both 
themselves and their fetus and so they 
tend to have inereased hunger sensations. 
Maternal requirements for nutrients ean 
inerease by up to 30 pereent above normal. 


At the end of gestation, a typieal uterus has 
grovvn from 7.5 em (3 in.) in length and 
30-40 g (1 -1.4 oz) in vveight to 30 em (12 in.) 
in length and 1100 g (2.4 Ib) in vveight.The 
uterus may then eontain 2 liters of fluid, plus 
fetus and plaeenta, for a total vveight of 
roughly 6-7 kg (13-15 Ib).This remarkable 
expansion occurs through the enlargement 
(hypertrophy) of existing eells, espeeially 
smooth muscle fibers, rather than by an 
inerease in the total number of eells. 


Although pregnaney is a natural phenomenon, the physieal and 
physiologieal demands on maternal systems make it potentially 
dangerons. At any age, the risks assoeiated with pregnaney are 
signifieantly greater than those assoeiated with the use of oral eontra- 
eeptives. (The notable exception involves women who both take the 
pill and smoke.) For pregnant women over age 35 the ehanees of 
dying from pregnaney-related eomplieations are almost twice as 
great as the ehanees of being killed in an antomobile aeeident. 


IVIodule 27.9 Revìew 


a. Based on the illustrations shovving 
the loeations of the internal organs in 
nonpregnant and pregnant vvomen, 
explain vvhy some vvomen experience 
difficulty breathing vvhile pregnant. 

b. List the major ehanges that occur in 
maternal systems during pregnaney. 

e. VVhydoesa mother's blood volume 
inerease during pregnaney? 


(S) 27.9 Deseribe the interplay betvveen maternal organ systems and the developing fetus. 
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Module 27.10 
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Multiple faetors initiate 
and aeeelerate labor 

The tremendous stretehing of the uterus is assoeiated 
with a gradual inerease in the rate of spontaneons 
smooth muscle eontraetions in the myometrinm. In 
the early stages of pregnaney, progesterone released 
by the plaeenta inhibits the nterine smooth muscle, 
preventing powerful eontraetions. Late in pregnaney, 
some women experience oeeasional spasms in the 
nterine musculature, but these eontraetions are neither 
regnlar nor persistent. Such eontraetions are ealled 
false labor. True labor begins when bioehemieal and 
meehanieal faetors reaeh a point of no return. 


2 


After 9 months of gestation, mnltiple faetors interaet to 
initiate true labor. Onee labor eontraetions have begun 


in the myometrium, positive feedbaek ensnres that they will 
eontinne until delivery has been eompleted. 



This sagittal seetion shows the position of the 
fetus at the onset of true labor. 


Plaeenta 


Dnnbilieal eord 


Pubic 

symphysis 


Vagina 



Gervieal eanal 


Cervix 


■> ^ 


Plaeental Faetors 

Fetal Faetors 

Plaeental estrogens inerease the sensitivity of the smooth 
muscle eells of the myometrium and make eontraetions 
more likely. As delivery approaehes, the production of 
estrogens aeeelerates. Estrogens also inerease the 
sensitivity of smooth muscle fibers to oxytocin. 

Relaxin produced 
by the plaeenta 
relaxes the pelvie 
articulations and 
dilates the cervix. 

Growth and the 
inerease in fetal 
weight streteh 
and distort the 
myometrium. 

Thefetal 
pituitary gland 
releases oxytocin 
in response to 
estrogens. 


Dìstortìon of Stretehed Myometrmm 

Distortion of the myometrium inereases 
the sensitivity of the smooth muscle 
layers, promoting spontaneous 
eontraetions that get stronger and more 
frequent as the pregnaney advanees. 



Maternal Oxytocín Release 


Prostaglandín Productíon 

Maternal oxytocin release is 
stimulated by high estrogen 
levels. 


Estrogens and oxytocin stimulate the production of 
prostaglandins in the endometrium.These prostaglan- 
dins further stimulate smooth muscle eontraetions. 


Labor eontraetions 
move the fetus and 
further distort the 
myometrium.This 
distortion stimulates 
additional oxytocin 
and prostaglandin 
release. This posìtìve 
feedbaek continues 
until delivery is 
eompleted. 


inereased Excitabìlìty of the Myometríum 

Oxytocin and prostaglandins both stimulate the myometrium. In addition, the sensitivity of the uterus to oxytocin 
inereases dramatieally.The smooth muscle in a late-term uterus is 100 times more sensitive to oxytocin than the 
smooth muscle in a nonpregnant uterus. 


LABOR eONTRAGTIONS OCCUR 
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The goal of labor is parturition (par-tu-RISH-un), or ehildbirth, the 
foreible expulsion of the fetus, followed by the plaeenta. Labor is divided 
into three stages: the dilation stage, the expulsion stage, and the plaeental stage. 



Dìlatìon Stage 



The dìlatìon stage begíns wíth 
the onset of true labor, as the 
cervix dilates and the fetus 
shifts toward the eervieal eanal, 
moved by gravity and uterine 
eontraetions.This stage 
typieally lasts 8 or more hours. 
At the start of the dilation stage, 
labor eontraetions last up to 
half a minute and occur onee 
every 10-30 minutes; their 
frequency inereases steadily. 
Late in this stage, the amnion 
ruptures, an event sometimes 
referred to as"having one's 
water break." 




1 

r 


Expulsíon Stage 




The expulsìon stage begins as 
the cervix, pushed open by the 
approaehing fetus, eompletes 
dilation (about 10 em). In this 
stage, eontraetions reaeh 
maximum intensity, occurring 
at perhaps 2- or 3-minute 
intervals and lasting a full 
minute. Expulsion continues 
until the fetus has emerged from 
the vagina; in most eases, the 
expulsion stage lasts less than 
2 hours.The arrival of the 
newborn infant into the outside 
world is delivery, or birth. 




Plaeental Stage 



Uterus 


Ejeetion of the 
plaeenta 









During the plaeental stage of 

labor, muscle tension builds in 
the walls of the partially empty 
uterus, which gradually 
deereases in size.This uterine 
eontraetion tears the eonnee- 
tions between the endome- 
trium and the plaeenta, and 
the plaeenta, or afterbìrth, is 
ejeeted.The disruption of the 
plaeenta is aeeompanied by a 
loss of blood, but assoeiated 
uterine eontraetions eompress 
the uterine vessels and usually 
restrictthisflow. 


Premature labor occurs when true 
labor begins before the fetus has 
eompleted normal development. The 
newborns ehanees of snrviving are 
direetly related to its body weight at 
delivery. Even with massive snpport- 
ive efforts, newborns weighing less 
than 400 g (14 oz) at birth will not 
snrvive, primarily beeanse their 
respiratory, eardiovasenlar, and 
nrinary systems are unable to 
snpport life without aid from mater- 
nal systems. Most fetnses born at 
25-27 weeks of gestation (a birth 
weight under 600 g or 21.1 oz) die 
despite intensive neonatal eare, and 
snrvivors have a high risk of develop- 
mental abnormalities. Premature 
delivery usually refers to birth at 
28-36 weeks (a birth weight over 
1 kg or 2.2 Ib). With eare, these 
newborns have a good ehanee of 
snrviving and developing normally. 


Modyle 27.10 Revíew 


a. List and deseribe the faetors involved 
in initiating labor eontraetions. 

b. VVhatehemiealsare primarily 
responsible for initiating eontraetions 
of true labor? 

e. Namethethreestagesof labor,and 
deseribe the events that eharaeterize 
eaeh stage. 


(S) 27.10 List and discuss the events that occur during labor and delivery. 
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Module 27.11 




After delìvery, development ìnitíally 
requìres nourishment by maternal systems 

Developmental proeesses do not end at delivery, because 
newborns have few of the anatomieal, functional, or 
physiologieal eharaeteristies of mature adults. During 
an initial neonatal period, the newborn is dependent 
on the mother for nonrishment, and proteetion from 
environmental hazards such as extreme ehanges in 
temperatnre. The neonatal period lasts from birth 
throngh the first 28 days of life. 



Oxytocìn Seeretìon 



Milk is provided to infants throngh the 
mílk let'down reflex (milk-ejeetion reflex), 
which is diagrammed here. By the end of the 
sixth month of pregnaney, the mammary glands 
are fully developed, and the gland eells begin 
to prodnee a seeretion known as eolostrnm 
(kó-LOS-trum). Colostrum eontains antibodies 
that may help the infant ward off infeetions until 
the infant s own immune system beeomes fully 
fnnetional. After the first few days of nnrsing, the 
mammary glands prodnee breast milk, which has 
a much higher fat eontent than eolostrnm but still 
eontains antibodies. It also eontains lysozyme, 
an enzyme with antibiotie properties. 



Mìlk Ejeeted 


When circulating oxytocin reaehes the 
mammary gland, this hormone causes 
the eontraetion of myoepithelial eells 
in the walls of the lactiferous ducts and 
sinuses.The result is milk ejeetion, or 
milk let-down. 



Start 










The stimulation of taetile reeeptors in 
the nipple leads to the stimulation of 
seeretory neurons in the paraventricular 
nucleus of the maternal hypothalamus. 




Posterior 
lobe of the 
pituitary 


Oxytocìn Release 


The hypothalamie neurons release 
oxytocin by the posterior lobe of the 
pituitary gland. Oxytocin enters the 
bloodstream and is distributed 
throughout the body. 





/ 



Stìmulatíon of Taetìle Reeeptors 


Mammary gland seeretion is triggered 
when the infant sucks on the nipple. 




Neural lmpulseTransmìssion 


lmpulses are propagated to the spinal 
eord and then to the brain. 
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Postnatal development inelndes five life stages: (1) the neonatal period, 


2 


(2) infaney, (3) ehildhood, (4) adoleseenee, and (5) matnrity. Onee matnrity 
has been reaehed, the individnal is snbjeet to the gradnal ehanges that aeeompany 
seneseenee {seneseo, to grow old), or aging. Growth dnring infaney and ehildhood 
oeenrs nnder the direetion of eirenlating hormones, notably growth hormone, 
adrenal steroids, and thyroid hormones. These hormones affeet eaeh tissne and 
organ in speeifie ways, depending on eellnlar sensitivity. 


Postnatal Development 


Neonatal 


Infaney 


Through the neonatal 
period and infaney, the 
newborn is dependent 
on nutrients eontained in 
milk, typieally breast milk 
seereted by the mother's 
mammary glands. 



ehìldhood 


In early ehildhood, the ehild 
is weaned from breast milk. 
Because growth does not occur 
uniformly, body proportions 
gradually ehange.The head, for 
example, is relatively large at 
birth but deereases in propor- 
tion with the rest of the body as 
the ehild grows to adulthood. 











Adoleseenee 


Adoleseenee begins at puberty, 
the period of sexual maturation, 
and ends when growth is 
eompleted. 





5ft 


4ft 


3ft 


2ft 


1 ft 


0 


1 month 


1 year 


Puberty 

(between 

9-14years) 


18 years 


l\/lodule 27.11 Revíew 


a. VVhat hormonecausesthe milklet- 
down reflex? 

b. Explainthedifferencebetween 
colostrum and breast milk. 

e. Namethestagesof postnatal 

development, and deseribe the time 
frame involved for eaeh of the stages. 


(S) 27.11 Identify the features of and the functions assoeiated with the various life stages. 
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Module 27.12 
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At puberty, male and female sex hormones 
have díffering effeets on most body systems 

Many body systems alter their aetivities in response to ehanges in 
eirenlating levels of sex hormones at puberty. The most important sex- 
related ehanges are snmmarized here. The effeets of testosterone and 
estrogens are faeilitated and enhaneed by growth hormone, thyroid 
hormones, prolaetin, and adrenoeortieal hormones. 




V 


Responses to Testosterone ìn Males 


lnteguimentary System 

Testosterone stimylates the development of terminal hairs on the faee and 
ehest, and stimulates terminal hair grovvth in the axillae and in the genital 
area. Adipose tissues respond differently to testosterone than to estrogens, 
and this differenee produces the distinet distributions of subcutaneous 
body fat in males versus females. 


Skeletal System 

Testosterone aeeelerates bone deposition and skeletal grovvth. In the 
proeess, it promotes closure of the epiphyseal eartilages and thus plaees 
a limit on grovvth in height. 


Muscular System 

Testosterone stimulates the grovvth of skeletal muscle fibers, and the 
inereased muscle mass accounts for signifieant sex differenees in body 
mass, even for males and females of the same height. 


Nervous System 

A surge in testosterone seeretion at puberty aetivates the eentral nervous 
system eenters eoneerned vvith male sexual drive and sexual behaviors. 


Cardiovascular System 

Testosterone stimulates erythropoiesis, thereby inereasing blood 
volume and the hematoerit. 


Respíratory System 

Testosterone stimulates grovvth of the larynx and a thiekening and 
lengthening of the voeal eords.These ehanges cause a gradual 
deepening ofthe voiee in males. 


Reproductíve System 

Testosterone stimulates the functional development of the aeeessory 
reproductive glands, such as the prostate gland and seminal glands, 
and helps promote spermatogenesis. 
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At Puberty 


The hypothalamus inereases its production of gonadotropin-releasing hormone 
(GnRH). 


Endoerine eells in the anterior lobe of the pituitary gland beeome more sensitive 
to GnRH, and circulating levels of FSH and LH rise rapidly. 


Testicular or ovarian eells beeome more sensitive to FSH and LH, initiating 
(1) gamete production; (2) the seeretion of sex hormones, which stimulate the 
appearanee of seeondary sex eharaeteristies and behaviors; and (3) a sudden 
aeeeleration in the growth rate, ending with closure of the epiphyseal eartilages. 


Integumentary System 

Estrogens stimulate the hair follieles to continue to produce fine vellus hairs 
and stimulate terminal hair growth in the axillae and in the genital area. 

The eombination of estrogens, prolaetin, growth hormone, and thyroid 
hormones promotes the initial development of the mammary glands. 


Skeletal System 

Estrogens cause more rapid epiphyseal closure than does testosterone. 
In addition, the period of skeletal growth ends at an earlier age in girls 
than in boys, and so females generally do not grow as tall as males. 


Muscular System 

Estrogens stimulate the growth of skeletal muscle fibers, but not to the 
extent that testosterone does in males. 


Nervous System 

A surge in estrogen seeretion at puberty aetivates eentral nervous system 
eenters involved in female sexual drive and sexual behaviors. 


Cardìovascular System 

The iron loss assoeiated with menses inereases the risk of developing 
iron-defieieney anemia. Estrogens deerease plasma eholesterol levels and 
slow the formation of plaque within arteries. As a result, premenopausal 
women have a lower risk of atheroselerosis than do adult men. 


Respìratory System 

Estrogens do not cause excessive growth of the larynx and voeal eords, 
so females typieally have higher-pitehed voiees than males. 


Reproductive System 

Estrogens target the uterus, promoting a thiekening of the myometrium 
and inereasing blood flow to the endometrium. Estrogens also promote the 
functional development of aeeessory reproductive structures in females. 




Module 27.12 Revíew 


a. Namethethree major interaeting 
hormonal events assoeiated with 
the onset of puberty. 

b. Why does a man have a deeper voiee 
and a larger larynx than a woman? 

e. Why are premenopausal women at 
lesser risk of atheroselerosis than 
men? 


(S) 27.12 Explain the roles of hormones in males and females at puberty. 
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SECTION 1 Revíew 

L 


Matehíng 


Mateh eaeh lettered term with the most elosely related deseription. 


a. hCG 

b. eoneeption 
e. ehorion 

d. syneytial trophoblast 

e. colostrum 

f. amnion 

g. amphimixis 

h. morula 

i. embryonie dise 

j. neonate 

k. gestation 

l. inner eell mass 

m. relaxin 

n. blastoeyst 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 


Fertilization 
Newborn infant 
Pronuclei fuse 

Period of prenatal development 
Pregnaney test 
Softens pubic symphysis 
Mammarygland seeretion 
Mesoderm and eetoderm 
Hollow ball of eells 
Mesoderm and trophoblast 
Forms the embryo 
Gytoplasm with many nuclei 
Solid ball of eells 
Gastrulation product 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 


IVIultìple ehoìee 


Seleet the eorreet answer from the list provided. 



Fertilization typieally occurs in the 

Q a) lower part of the uterine tube. 

Q b) upper part of the uterus. 

Q e) junction between the ampulla and isthmus of the 

uterine tube. 

Q d) cervix. 



Fetal development begins at the start of the 
Q a) implantation proeess. 

Q b) seeond month afterfertilization. 

Q e) ninth week after fertilization. 

Q d) sixth month after fertilization. 



Organs and organ systems eomplete most of their development by 
the end ofthe 


Q a) firsttrimester. 

Q b) seeond trimester. 
Q e) third trimester. 

Q d) expulsion stage. 



The four general proeesses that occur during the first trimester 
include 

Q a) blastomere, blastoeyst, morula, and trophoblast. 

Q b) eleavage, implantation, plaeentation, and embryogenesis. 
Q e) plaeentation, dilation, expulsion, and organogenesis. 

Q d) yolk sae, amnion, allantois, and ehorion. 



The most dangerous period in prenatal or neonatal life is the 

Q a) firsttrimester. 

Q b) seeond trimester. 

Q e) third trimester. 

Q d) expulsion stage. 



The systems that were relatively nonfunctional during the fetal 
period that must beeome functional at birth are the 

Q a) cardiovascular, muscular, and skeletal systems. 

Q b) integumentary, reproductive, and nervous systems. 

Q e) respiratory, digestive, and urinary systems. 

Q d) endoerine, nervous, and digestive systems. 


Seetíon ìntegratìon 

Tina gives birth to a baby with a eongenital deformity of the stomaeh.Tina thinks her baby's eondition resulted from a 
viral infeetion she had during herthird trimester. Explain ifthe viral infeetion likely caused the baby's eondition. 
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Module 27.13 


SECTION 2 • Genetìesand Inherìtanee 



A person may be deserìbed ìn terms 
of their genotype and phenotype 


Although everyone goes through the same developmental stages, 
differenees in both genetie structure and loeal environments prodnee 
distinetive individnal eharaeteristies. Traditionally, inheritanee or 
heredity refers to the transfer of genetieally determined eharaeteristies 
from generation to generation. The study of the meehanisms responsible 
for inheritanee is ealled geneties. We begin our study of geneties by 
examining two important eonee^ts: genotype and phenotype. 



One way to nnderstand genotype and 
phenotype is to eompare them to the arehi- 



and how the finished house looks is its phenotype. 


Every nucleated sonnatie eell in your 
body earries eopies of the original 46 
ehromosomes present when you were 
a zygote.Those ehromosomes and 
their eomponent genes constitute your 
genotype (JÈN-ó-típ; geno, gene). In 
architectural terms, the genotype is a 
set of plans, like the blueprints for a 
house. 


The eolleetive expression of your 
genes determines the anatomieal and 
physiologieal eharaeteristies that make 
up your phenotype (FÉ-nó-típ; phaino, 
to display).The field of geneties reeently 
expanded with the understanding 
that not all of a person's traits are 
determined solely by their DNA 
sequence. Epìgenetìes is the study of 
gene expression due to alterations in 
the reading of the DNA sequences. 



2 


This photograph shows the karyotype {karyon, nucleus -i- typos, 
mark), or entire set of ehromosomes, of a normal male. At amphimixis. 


one member of eaeh of the 23 ehromosome pairs was eontribnted by the 
spermatozoon, and the other by the ooeyte. The two members of eaeh pair 
are known as homologous (huh-MOL-ó-gus) ehromosomes. Twenty-two 
of those pairs are ealled autosomal (aw-tó-SO-mul) ehromosomes. Most of 
the genes of the antosomal ehromosomes affeet somatie eharaeteristies, such 
as hair eolor and skin pigmentation. The ehromosomes of the 23rd pair are 
ealled the sex ehromosomes; one of their fnnetions is to determine whether 
the individnal is genetieally male or female. The sex ehromosomes of a male 
eonsist of an X ehromosome and a shorter Y ehromosome, whereas 
females have two X ehromosomes. 


Modyle 27.13 Revìew 


a. Distinguish between genotype and phenotype. 

b. How are autosonnal and sex ehromosomes 
different? 


In this seetion we eonsider basie geneties as it applies to inherited 
eharaeteristies, such as sex, hair eolor, and varions disorders. 


e. How ean you tell that the karyotype shown 
here is male? 


(S) 27.13 Deseribe geneties and inheritanee and the relationship between genotype and phenotype. 
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Module 27.14 


r 


Genes and ehromosomes 

determíne patterns of ìnherítanee 



The two ehromosomes in a homologons 
antosomal pair have the same structure and 
earry genes that affeet the same traits. The two 
ehromosomes in a pair may earry the same form 
or different forms of eaeh gene. The varions forms 
of a given gene are ealled alleles (nh-LELZ). The 
genes are also loeated at equivalent positions on 
their respeetive ehromosomes. A gene s position 
on a ehromosome is ealled a locus (LO-kus; 
plural, loei). 



If the two ehromosomes of 
a homologous pair earry the 
same allele of a particular 
gene, you are hoimozygous 
(hó-mó-ZÌ-gus; homos, the 
same) for the trait affeeted by 
that gene. That allele will then 
be expressed in your 
phenotype. For example, if 
you reeeive a gene for curly 
hair from your father and a 
gene for curly hair from your 
mother, you will be 
homozygous for curly hair— 
and you will have curly hair. 


VVhen you have two different 
alleles for the same gene, you 
are heterozygous (het-er-ó- 
Zì-gus; heteros, other) for the 
trait determined by that gene. 


The human genome 
eontains approximately 
22,500 genes. Thus an 
"average"autosomal 
pair eontains about 
1000 pairs of alleles. 


2 


The phenotype that resnlts from a heterozygons genotype 
depends on the nature of the interaetion between the 


eorresponding alleles. The most eommon form of interaetion 
among antosomal genes is ealled simple inheritanee. In one 
kind of simple inheritanee— striet dominanee —any dominant 
allele will be expressed in the phenotype, regardless of any 
eonflieting instrnetions earried by the other allele. For instanee, 
a person with only one allele for freekles will have freekles, 
beeanse that allele is dominant over the “nonfreekle” allele. An 
allele that is reeessive will be expressed in the phenotype only 
if that same allele is present on both ehromosomes of a homolo- 
gous pair. 



The phenotype"red 


hair"is determined 


by a single pair of 


reeessive alleles. 





» 4 


The phenotype 
"freckles"is an 
example of striet 
dominanee and 
requires only one 
alleleforthe trait to 
be expressed. 
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By eonvention, dominant alleles are indieated by eapital 


letters, and reeessive alleles by lowercase letters. Thus 
for a given trait T, the possible genotypes are TT (homozygous 
dominant), Tt (heterozygons), and tt (homozygons reeessive). 
The Punnett squares shown in this figure indieate the possible 
offspring of a mother with albinism (no skin pigmentation) and 
a father with normal skin pigmentation. Beeanse albinism is 
a reeessive trait, the maternal alleles are designated aa, The 
father has normal pigmentation, a dominant trait, so his 
genotype could be either AA or Aa. 


4 


Many phenotypie eharaeteristies are 
determined by interaetions among 


the alleles of several genes. Such interaetions 
eonstitnte polygenie inheritanee. The resnlting 
phenotype depends not only on the nature of the 
alleles, but also on how those alleles interaet. For 
this reason, you eannot prediet the presenee or 
absenee of phenotypie eharaeters using a simple 
Pnnnett square. An example of polygenie inheri- 
tanee is brown or blaek hair eolor. 


Maternal alleles (contributed by 
the ovum). Every ovum will earry 
the reeessive gene a. 



the spermatozoon). 
Every sperm 
produced by a 
homozygous 
dominant (AA) 
father will earry 
the4 allele. 




Aa 

Aa 

All have 

normal 

skin pigmentation 

Aa 

Aa 


If the father is homozygous for normal pigmentation, all of the 
ehildren will have the genotype Aa, and all will have normal skin 
pigmentation. 



Halfofthe 
sperm produced 
by a heterozygous \A 
(Aa) father will earry 
the dominant allele A, 
and the other half will 
earry the reeessive 
allele a. 




Aa 

Aa 

50% of the ( 

:hildren are 

heterozygous and have 

normal pigmentation 

1 

1 

aa 

aa 

50% of the| 

ehildren are 

r* 

homozygou^ 

1 

feeessive and 

exhibitji 

ìlbinism 


If the father is heterozygous for normal skin pigmentation, the 
probability that a ehild will have normal pigmentation is 
reduced to 50%. 




Modyle 27.14 Revìew 


a. Deseribe homozygous and heterozygous. 

b. Differentiate between simple inheritanee and 
polygenie inheritanee. 

e. The trait "freckles"operates through striet 
dominanee.VVhat would bethe phenotype of a 
person who is heterozygous for this trait? 


(S) 27.14 Relate the basie prineiples of geneties to the inheritanee of human traits. 
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Module 27.15 


r 


There are several dìfferent patterns of ínherìtanee 



Autosomal ehromosomes and sex ehromosomes show different patterns of 
inheritanee. This flowchart summarizes the major patterns of inheritanee. 


Major Patterns of inheritanee 


inherìtanee Involvìng Autosomal ehromosomes 





V 





Símple inherítanee 

Polygenie inherítanee 

The phenotype is determined by a single pair of alleles. 
Approximately 80% of your genotype falls within this 
eategory. 


The phenotype is determined by interaetions among the 
alleles of several genes. 

Examples 

• Hair eolor (other than blond or red, which are reeessive traits) 

• Skin eolor 

• Eye eolor 

• Height 



Stríet Domínanee 

One allele dominates the other allele 

and determines the phenotype 

Examples of 

Examples of 

domìnant traìts 

reeessive traits 

• Normal skin 

• Albino pigmentation 

pigmentation 

• Absenee of freekles 

• Freekles 

• Normal vision 

• Nearsightedness 

• Attaehed earlobes 

• Farsightedness 

• Inability to roll tongue 

• Astigmatism 

• Rh faetor absent 

• Free earlobes 

•Type 0 blood 

•Tongue-rolling 

• Siekle eell anemia 

• Rh faetor 

• Gystiefibrosis 

•Type A or B blood 

•Tay-Saehs disease 

• Huntington's disease 

• Phenylketonuria 


eodomínanee 


In eodomínanee, an índívídual 
who is heterozygous (has 
different alleles) for a given 
trait exhibits both of the 
phenotypes for that trait. Blood 
type in humans is determined 
by eodominanee. The alleles 
for type A and type B blood 
are dominant over the allele 
for type O blood, but a person 
with one type A allele and one 
type B allele has type AB blood. 

Examptes 
•Type AB blood 
• Structure of albumins 
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Inherìtanee Involvìng Sex ehromosomes 


Sex-línked ínherítanee involves genes on the sex 
ehromosomes. Most examples involve the X ehromosome. 
An X-linked allele determines the phenotype in males sinee 
there is no eorresponding allele on the Y ehromosome to 
mask or affeet its expression. Most known eases involve 
alleles that are reeessive in females. 


Examples 

• Red-green eolor blindness 

• Hemophilia (someforms) 

• Duchenne muscular dystrophy 


SeX'linked genes are earried by either sex ehromosome. 
But, because the X ehromosome is much larger than the 

Y ehromosome, it earries many more genes. Only a few of 
these sex-linked genes are homologons. Genes that are found 
on the X ehromosome but not on the Y ehromosome are 
ealled X-linked. In eontrast, those genes found only on the 

Y ehromosome are ealled Y-linked. A Y-linked example is 
the SRY gene for “maleness.” It triggers male development in 
the embryo. A number of elinieal disorders are X-linked traits. 



X-linked allele 
(allele not present 
on Yehromosome) 



The inheritanee of eolor blindness exemplifies the 
differenees between sex-linked inheritanee and antosomal 
inheritanee. In males, the presenee of a dominant allele, C, 
on the X ehromosome (X^) resnlts in normal eolor vision; a 
reeessive allele, e, on the X ehromosome resnlts in red- 
green eolor blindness. This Pnnnett square reveals that eaeh 
son of a father with normal vision and a heterozygons (earrier) 
mother has a 50 pereent ehanee of being red-green eolor blind, 
whereas any danghters will have normal eolor vision. 



A woman—who has two X 


A man has 
only one X 
ehromosome, so 
whichever allele that 
ehromosome earries 
determines whether he 
has normal eolor 
vision or is red- 
green eolor 
blind. 


ehromosomes 


ean be either 

CwC 


homozygous dominant (X X ) or 
heterozygous (X^X^) and still have 
normal eolor vision. She will be 
unable to distinguish reds from 
greens only if she earries two 
reeessive alleles, X^X^. 








Normal 

Normal 

daughter 

daughter 

(earrier) 



Normal son 

Color-blind 


son 


IVIodule 27.15 Revìew 


a. Gompare striet dominanee with eodominanee. 

b. Why are sex-linked traits expressed more 
frequently in males than in females? 

e. indieate the type of inheritanee involved in eaeh 
of the following situations: (1) ehildren who 
exhibit the trait have at least one parent who 
also exhibits it; (2) ehildren exhibit the trait even 
though neither parent exhibits it; and (3) the trait 
is expressed equally in daughters and sons. 


27.15 Deseribe the relationships among the various forms of inheritanee, and give 
examples of representative phenotypie eharaeters, both normal and abnormal. 
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Module 27.16 


CLINICAL MODULE 


+ 


r 


Many elìnìeal disorders are lìnked to the 

human genome and epigenome 

ehromosomal abnormalities ean involve thonsands of genes, and as a resnlt they are 
usually lethal. Most of the time the embryo or fetus dies before delivery. However, 
there are a few autosomal ehromosome abnormalities that do not invariably 
result in prenatal mortality (death). In eontrast, variations in the structure of 
individual genes are relatively eommon. Althongh more than 99 pereent of human 
nneleotide bases are the same in all people, there are about 1.4 million single-base 
differenees, or single nneleotide polymorphisms (SNPs). Some of these SNPs are 
inconsequential, but others are assoeiated with speeifie diseases. 



Trisomy 21, or Down's syndrome, is the most eommon viable 
ehromosomal abnormality. Affeeted individnals have a third 
ehromosome on the 21st pair, and exhibit intelleetnal disability and 
physieal malformations, inelnding a eharaeteristie faeial appearanee. 
The degree of intelleetnal disability ranges from moderate to severe, 
and anatomieal problems affeeting the eardiovasenlar system often 
prove fatal during ehildhood or early adnlthood. Althongh some 
people snrvive to moderate old age, many develop Alzheimer s disease 
while still relatively young (before age 40). For unknown reasons, 
there is a direet eorrelation between maternal age and the risk of 
having a ehild with trisomy 21. For a maternal age below 25, the 
ineidenee of Dowhs syndrome approaehes 1 in 2000 births, or 0.05 
pereent. For maternal ages 30-34, the odds inerease to 1 in 900, and 
by the age of 44 they inerease to 1 in 46, or more than 2 pereent. 



2 


In Klinefelter's syndrome, the individnal earries the sex 
ehromosome pattern XXY. The phenotype is male, but the extra 


X ehromosome causes deereased androgen prodnetion. As a result, 
the testes fail to mature so the individnals are sterile, and the breasts 
are slightly enlarged. The ineidenee of this eondition among newborn 
males averages 1 in 750 births. 



Individnals with Tnrner's syndrome have only a single, 
female sex ehromosome; their sex ehromosome eomplement 
is designated XO. This kind of ehromosomal deletion is known as 
monosomy. The ineidenee of this eondition at delivery has been 
estimated as 1 in 10,000 live births. The eondition may not be 
reeognized at birth, beeanse the phenotype is normal female. But 
matnrational ehanges do not appear at pnberty. The ovaries are 
nonfnnetional, and estrogen prodnetion occurs at negligible levels. 
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The human genome —the full set of genetie material (DNA) in our ehromosomes, 
listed nucleotide by nucleotide—eontains an estimated 20,000-25,000 genes. The 
sequence of nneleotides along all of the ehromosomes has been determined. Ronghly 
10,000 different single gene disorders have been deseribed. Most are very rare, but eollee- 
tively they may affeet 1 in every 200 births. Over 900 of these disorders have been mapped 
on the genome, and several examples are inelnded in this ehromosome map. Many of these 
eonditions were noted in earlier ehapters. 



Color blindness (multiple forms) 
Hemophilia 

Neurofibromatosis, type 2 
(tumors of the auditory nerves 
and tissues surrounding the brain) 

Down's syndrome 
Amyotrophie lateral selerosis 

ADA defieieney 
(enzyme defieieney that 
affeets the immune system) 

Familial hypereholesterolemia 
(extremely high eholesterol) 

Myotonie dystrophy 
(form of muscular dystrophy) 


Amyloidosis 
(accumulation of an insoluble 


fibrillar protein in the tissues) 


Breast eaneer* 


Polyeystie kidney disease 

Tay-Saehs disease 
(lysosomal storage disease 
affeeting neural tissue) 

Marfan's syndrome 

Alzheimer's disease* 


Oi-antitrypsin defieieney 
(causes a predisposition to 
develop emphysema) 

Retinoblastoma 
(relatively eommon tumor of the eye, 
accounting for 2% of ehildhood malignaneies) 



(phenylketonuria) 


Muscular dystrophy 
Prostate eaneer 
Familial eolon eaneer* 

Retinitis pigmentosa* 

Huntington's disease 

Familial polyposis of the eolon 
(abnormal tissue growths that 
eommonly lead to eolon eaneer) 

Spinoeerebellar ataxia 
(destroys neurons in the brain 
and spinal eord, resulting in 
loss of muscle eontrol) 

Gystie fibrosis 

Burkitt's lymphoma 
(eaneer of lymphoeytes) 

Retinitis pigmentosa* 

Epilepsy, progressive 

Malignant melanoma 

Ovarian eaneer 

Multiple endoerine neoplasia, 
type 2 (tumors in endoerine 
glands and othertissues) 

SeiD (severe eombined 
immunodeficiency disease) 

Diabetes mellitus,Type 1 
Siekle eell anemia 


* One form of the disease 


IJnderstanding the role of epigeneties in hnman development 
and disease is an area of aetive stndy. Researehers are pieeing 
together the hnman epigenome, that is, all the ehemieals 
that mark our genome and affeet its aetivities. Although the 
epigenetie marks are not part of the DNA, they ean be passed 
on and inherited when eells divide. 


Modyle 27.16 Revíew 


a. Define single nucleotide polymorphism. 

b. Name the disorder eharaeterized by eaeh 
ofthefollowing ehromosome patterns: 
(1)XOand (2) XXY. 

e. Identify the ehromosome involved in eaeh 
ofthefollowing disorders: (1) ovarian 
eaneer, (2) Tay-Saehs disease, and (3) 
spinoeerebellar ataxia. 


27.16 Identify several ehromosomal disorders, and 
deseribe the human genome and epigenome. 
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SECTION 2 Revíew 

L 


Matehíng 


Mateh eaeh lettered term with the most elosely related deseription. 


a. genotype 

b. heterozygous 
e. locus 

d. autosomes 

e. simple inheritanee 

f. homozygous 

g. alleles 

h. polygenie inheritanee 

i. homologous 

j. geneties 

k. karyotype 

l. phenotype 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 


Visible eharaeteristies 
Alternate forms of a gene 

Refers to the two members of a pair of ehromosomes 
Array of the entire set of ehromosomes in a eell 
An individuars ehromosomes and genes 
Gene's position on a ehromosome 
Two different alleles for the same gene 
Study of the meehanisms of inheritanee 
Two identieal alleles for the same gene 
interaetions between alleles on several genes 
Phenotype determined by a single pair of alleles 
ehromosomes affeeting somatie eharaeteristies 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 


Seetíon ìntegratìon 

Llsing the templates below, draw Punnett squares to answer eaeh question about the following genetie eonditions. 


13 


Tongue-rolling is inherited as a strietly dominant trait. 

Llsing T for tongue-rolling and t for non-tongue-rolling, 

determine the possible genotypie and 
phenotypie ratios of offspring born to two 
heterozygous tongue-rolling parents. What is 
the probability they will have a ehild unable to 
roll his/hertongue? 


14 





1 



Maternal alleles 





Gystie fibrosis (CF) is an autosomal homozygous reeessive 
disorder (ee) that causes the production of excessively thiek 

mucus. Llsing e for the CF trait and Cfor 
not having the CF trait, determine the 
possible genotypie and phenotypie ratios 
of offspring produced by a mother with CF 
and a father who is a earrier for CF. What is 
the probability that they will have a ehild 

who will be a earrier for CF? 



Maternal alleles 





Paternal alleles 


Paternal alleles 
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GHAPTER 27 REVIEVV • Development and Inherítanee 



Study Outlìne 


^ SEGTION 1 * Ovemew of Pevelopment 



Gestatìon and development are marked by varìons stages 

p. 1027 

1 . Embryoníe development occurs cluring the first 2 months 
after fertilization. 


2. Fetal development begins at the start of the ninth week 
and continues until birth. 

3. Prenatal development eomprises both embryonie and 
fetal development. 

4. Gestatìon is the time spent in prenatal development, and 
occurs during three integrated trimesters, eaeh 3 months 
long. 

5. Postnatal development begins at birth and continues to 

maturíty. 



At fertìlìzatìon, an ovum and a spermatozoon form a 
zygote that prepares for eell dìvìsìon p. 1028 


6. Fertìlìzatìon is the fusion of two haploid gametes, eaeh 
eontaining 23 ehromosomes, producing a zygote with 
46 ehromosomes.This usually occurs in the uterine tube 
within a day of ovulation. 

7. Ooeyte aetívatìon 

occurs when a 
single sperm 
makes eontaet 
with the ooeyte 
membrane, 
and membrane 
fusion takes 
plaee. Meiosis II 
is eompleted and 
the seeondary 
ooeyte is now an ovum. 



8. The female nuclear material within the ovum reorganizes 

as the female pronucleus. 


9. The male pronucleus develops and spindle fibers appear 
in preparation for eell division.This is the start of eleavage, 
in which eell divisions produce inereasing numbers of 
smaller and smaller daughter eells. 

10. The two pronuclei then fuse in a proeess ealled 
amphímìxís.The eell is now a zygote that eontains the 
normal eomplement of 46 ehromosomes. Fertilization is 
eomplete. 


11. Cell division of the zygote produces eells ealled 

blastomeres. 



eieavage contìnues untìl the blastoeyst ìmplants ìn the 
uterìne wall p. 1030 


12. A group of blastomeres ereated by eleavage divisions is 
ealled a pre-embryo. 

13. After 3 days, the pre-embryo is a solid ball of eells known 

as a morula. 


14. By day 6, the blastomeres form a blastoeyst, a hollow 
ball with an inner eavity (blastoeoele), a surrounding eell 


layer (trophoblast), and an inner cluster of eells (ìnner eell 
mass). 

15. Implantatìon (day 7) begins with the attaehment of the 
blastoeyst to the uterine endometrium. 

16. The eells elosest to the blastoeoele remain intaet, by 
day 8 forming the cellular trophoblast. The syneytíal 
trophoblast forms from the eells near the endometrial 
wall. 

17. Villi extend from the trophoblast into the endometrium. 
The amniotie eavity forms by day 9 between the inner eell 
mass and the cellular trophoblast. 


27.4 


Gastrulatìon produces three germ layers: eetoderm, 

endoderm, and mesoderm p. 1032 

18. Cells of the inner eell mass are organized into an oval sheet 
known as the blastodise. Cells of the superficial layer 
migrate and then separate the amniotie eavity from the 
trophoblast in the fìrst step of amnion formation. 

19. The yolk sae forms by day 10 from the outer edges of 
the blastoeoele. For the next 2 weeks, the yolk sae is the 
primary nutrient source for the inner eell mass. 

20. By day 12, superficial eells of the blastodise have begun 
to migrate toward a eentral line known as the primitive 
streak, and migrate between the existing eell layers.This 
ereates three embryonie layers that are eolleetively known 

as germ layers: eetoderm, endoderm, and mesoderm. 

21. Gastrulation produces the three-layered embryonie dise. 
This will form the body of the embryo, whereas all other 
eells of the blastoeyst will be part of the extra-embryonic 
membranes. 



The extra-embryonìc membranes form the plaeenta that 

supports fetal growth and development p. 1034 

22. Germ layers form four extra-embryonic membranes: the 
yolk sae, the amnion, the allantois, and the ehorion. 

23. The yolk sae begins as a layer of eells spread out around 
the outer edges of the blastoeoele to form a eomplete 
pouch. 

24. The amnion begins as eells from the blastodise migrate 
around a eavity that separates the inner eell mass from the 
trophoblast. The amniotie eavity eontains amniotie fluid 
that cushions the developing embryo or fetus. 

25. The allantois begins as an outpocketing of the endoderm 
near the base of the yolk sae by week 3. 

26. The mesoderm 
assoeiated with 
the allantois 
spreads around 
the blastoeyst, 
separating 
the cellular 
trophoblast from 
the blastoeoele. 

By day 14 this 
eombination of 
mesoderm and 
trophoblast is the 
ehorion. 
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GHAPTER 27 REVIEVV • Development and Inherítanee (continued) 


27. The plaeenta develops by week 5 as villi of the ehorion 
invade the endometriym and break down maternal blood 
vessels. It beeomes the primary support structure for the 
developing embryo. 


27.6] 


The formatìon of extra-embryonìc membranes ìs 
assoeíated wíth major ehanges ìn the shape and 
complexìty of the embryo p. 1036 


28. By week 3, the embryonie dise bulges into the amniotie 
eavity at the head fold. By week4 the embryo also has a 

taíl fold. 


29. By week 5 the embryo moves away from the plaeenta, and 

the body stalk and yolk stalk fuse to form an umbìlícal 
stalk. 


30. By week 10 the fetus is eonneeted to the plaeenta by an 
elongated umbílìcal eord that eontains a portion of the 
allantois, blood vessels, and the remnants of the yolk stalk. 


27.7] 


The plaeenta performs many vìtal functìons durìng 
prenatal development p. 1038 


31. Blood flows from the fetus to the plaeenta through paired 

umbìlìcal arteríes. 



32. At the plaeenta, oxygen supplies are replenished, organie 
nutrients are added, and earbon dioxide and other organie 
wastes are removed. 


33. Blood returns to the fetus within a single umbìlìcal vein. 

34. The plaeenta also aets as an endoerine gland, seereting 

human ehorìonìe gonadotropìn (hCG), human 
plaeental laetogen (hPL), relaxín, and progesterone and 
estrogens. 


the third trimester, estrogen production by the plaeenta 
aeeelerates and assists in stimulating labor and delivery. 


27.8 


W 


Organ systems form ìn the 
fìrst trìmester and beeome 
functìonal ìn the seeond and 
thìrd trìmesters p. 1040 

38. Events in the first 12 weeks 
establish organogenesís, the 
proeess of organ formation. 

39. The heart is beating by week 
4. By week 6, the plaeenta has 
formed and the embryo floats 
within the amniotie eavity. 

40. By the end of the first trimester, the axial and appendicular 
muscles are forming, and fetal movements will soon begin. 



41. By the end of the seeond trimester, the fetus will have 
grown to a weight of about 0.64 kg (1.4 Ib). 


42. During the third trimester, most of the organ systems 
beeome ready to function normally without maternal 
assistanee. 


43. In the final 3 months of gestation, the fetus gains about 2.6 
kg (5.7 Ib), reaehing a full-term weight of approximately 3.2 
kg (7 Ib). 

44. Dìzygotíe twins develop when two separate ooeytes 
are ovulated and fertilized. Seventy pereent of twins 
are dizygotie. Monozygotìe twins result either from the 
separation of blastomeres early in eleavage or from the 
splitting of the inner eell mass before gastrulation. 


27.9] 


Pregnaney plaees anatomìeal and physìologìeal stresses 
on maternal systems p. 1042 


45. The physieal strains of pregnaney are eonsiderable. The 
developing fetus is totally dependent on maternal organ 
systems that must support the mother as well as the fetus. 

46. At full term, the uterus and fetus are so large that they 
push many of the maternal abdominal organs out of their 
normal positions. 

47. By the end of the third trimester, many physiologieal 
stressors related to nourishment, oxygen supply, and 
waste removal occur in the maternal system. 

48. The physieal and physiologieal demands on maternal 
systems make pregnaney potentially dangerous. 


27.10 


W 


Multìple faetors ìnìtìate and aeeelerate labor 


p. 1044 


49. Late in pregnaney, some women experience oeeasional 
spasms in the uterine musculature ealled false labor. True 
labor begins when bioehemieal and meehanieal faetors 
reaeh a point of no return. 


35. The presenee of hCG, an indieator of pregnaney, causes 
the corpus luteum to persist for 3-4 months and continue 
to seerete progesterone, while hPL helps prepare the 
mammary glands for milk production. 


50. Plaeental faetors and fetal faetors interaet to initiate 
true labor. Posítíve feedbaek ensures that eontraetions 
of the myometrium will continue until delivery has been 
eompleted. 


36. Relaxin inereases the flexibility of the pubic symphysis, 
causes dilation of the cervix, and delays labor eontraetions 
until late in pregnaney. 

37. The plaeenta produces sufficient amounts of progesterone 
to maintain the endometrial lining and continue the 
pregnaney after the first trimester. Toward the end of 


51. Plaeental faetors include plaeental estrogens that 
inerease the sensitivity of the smooth muscle eells of the 
myometrium and make eontraetions more likely, as well as 
reíaxin that dilates the cervix. 

52. Fetal faetors include fetal stretehing ofthe myometrium that 
promotes uterine eontraetions and fetal seeretion of oxytocin. 
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53. Parturìtìon, or ehildbirth, is the foreible expulsion of the 
fetus and plaeenta. Labor is divided into three stages: the 
dilation, expulsion, and plaeental stages. 

54. The dìlatìon stage begins with the start of true labor as 
the cervix dilates. It ean last 8 or more hours. 

55. The expulsìon stage begins when the cervix eompletes 
dilating, and continues until the fetus has emerged from 
the vagina (delivery).This usually lasts less than 2 hours. 

56. The plaeental stage is the ejeetion of the plaeenta, or 

afterbìrth. 

57. Premature labor occurs when true labor begins before 
the fetus has eompleted normal development. Premature 
delìvery usually refers to birth at 28-36 weeks. 


27.11 


After delìvery, development ìnìtìally requìres nourìshment 
by maternal systems p. 1046 


58. The neonatal perìod lasts from birth through the first 28 
days of life. At this time the newborn is dependent on the 
mother for nourishment. 


59. Mammary gland eells produce protein-rieh colostrum 
during the neonate's first few days of life; then the gland 
eells eonvert to milk production.These seeretions are 
released as a result of the milk let-down (milk-ejeetion) 

reflex. 


60. Postnatal development includes five life stages: the 
neonatal period, infaney, ehildhood, adoleseenee, and 
maturity. 


27.12 


At puberty, male and female sex hormones have dìfferìng 
effeets on most body systems p. 1048 


61. At puberty, the hypothalamus inereases its production of 
gonadotropin-releasing hormone (GnRH). 

62. Endoerine eells in the anterior lobe of the pituitary gland 
beeome more sensitive to GnRH, and circulating levels of 
FSH and LH rise rapidly. 

63. Testicular or ovarian eells beeome more sensitive to FSH 
and LH.The following responses are initiated: gamete 
production; the seeretion of sex hormones, which 
stimulate the appearanee of seeondary sex eharaeteristies; 
and a sudden aeeeleration in the growth rate, ending with 
closure of the epiphyseal eartilages. 


SEGTION 2 • Genetìes and inherìtanee 

V___ 


27.13 


A person may be deserìbed ìn terms of theìr genotype and 
phenotype p. 1051 

64. Genetìes is the study of 
inherìtanee, or heredìty, 

the transfer of genetiealiy 
determined eharaeteristies 
from generation to generation. 

65. Somatie eells eontain eopies of 
the original 46 ehromosomes 
from the zygote. These 
ehromosomes and their 
genes constitute a person's 

genotype. Anatomieal and physiologieal eharaeteristies 
make up the phenotype. Epígenetìes examines how 
phenotypes may be affeeted by alterations in the reading 
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of DNA sequences. A karyotype is a eomplete set of a 
person's ehromosomes. 

66. The two members of eaeh pair of ehromosomes are known 
as homologous chromosomes.Twenty-two of those pairs 
are ealled autosomal ehromosomes.The ehromosomes of 
the 23rd pair are ealled the sex ehromosomes. 

67. The sex ehromosomes of a male eonsist of an X 

ehromosome and a shorter Y ehromosome, whereas 
females have two X ehromosomes. 


27.14 


r 


Genes and ehromosomes 
determìne patterns of 
ìnherìtanee p. 1052 

68. Thetwo ehromosomes 
in a homologous 
autosomal pair have 
the same structure and 
earry genes that affeet 
the same traits. 

69. The various forms 
of a given gene 
are ealled alleles. 

A gene's position on a 
ehromosome is ealled 
a locus. 

70. lfthetwo 
ehromosomes of a 
homologous pair earry 
the same allele of a 
particular gene, you are 
homozygous for the 
trait affeeted by that gene. 



"Red hair" phenotype is determined by a 
single pair ofreeessive alleles. "Freekles" 
phenotype follows striet dominanee. 


71. When you have two different alleles for the same gene, you 
are heterozygous for the trait determined by that gene. 


72. The most eommon form of interaetion among autosomal 
genes is símple ìnherìtanee. In one kind of simple 
inheritanee ealled striet domínanee, any dominant allele 
will be expressed in the phenotype. 


73. An allele that is reeessìve will be expressed in the 
phenotype only if that same allele is present on both 
ehromosomes of a homologous pair. 


74. In a Punnett square, dominant alleles are indieated by 
eapital letters, and reeessive alleles by lowercase letters. 

75. Many phenotypie eharaeteristies involve polygeníe 
ínherìtanee, and are determined by interaetions among 
the alleles of several genes. In these situations, a Punnett 
square eannot prediet the presenee or absenee of 
phenotypie eharaeteristies. 


27.15 

J 


There are several dìfferent patterns of ìnherìtanee 


p. 1054 


76. Autosomal ehromosomes and sex ehromosomes show 
different patterns of inheritanee. 

77. Autosomal ehromosomes involve simple inheritanee.This 
includes striet dominanee and eodomìnanee. Autosomal 
ehromosomes also involve polygenie inheritanee. 

78. Sex-lìnked ínherìtanee involves genes on the sex 
ehromosomes. Most examples involve the X ehromosome. 
An X-línked allele determines the phenotype in 

males sinee there is no eorresponding allele on the Y 
ehromosome to mask its expression. Most known eases 
involve alleles that are reeessive in females. 
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27.16] 


Many elìnìeal dìsorders are lìnked to the homan genome 
and epìgenome p. 1056 


79. ehromosome abnormalities and sìngle nucleotíde 
polymorphísms (SNPs) have been linked with various 
disorders and diseases. 


80. Trlsomy 21, or Down's syndrome, is the most eommon 
viable ehromosomal abnormality. Affeeted individuals 
exhibit intellectual disability and physieal malformations, 
including a eharaeteristie faeial appearanee. 



81. Individuals with Kllnefelter's syndrome have the sex 
ehromosome pattern XXY.The phenotype is male, but 
the extra X ehromosome causes deereased androgen 
production, resulting in immature testes, sterility, and 
enlarged breasts. 

82. Individuals with Turner's syndrome have only a single, 
female sex ehromosome, so their sex ehromosome 
eomplement is designated XO (monosomy). Maturational 
ehanges do not appear at puberty; effeets include 
nonfunctional ovaries and negligible estrogen production. 

83. The full set of genetie material (DNA) in our ehromosomes 
is ealled the human genome, and eontains an estimated 
20,000-25,000 genes. Over 900 single gene disorders have 
been mapped on the genome. 

84. Knowing the human 
eplgenome, that 
is, all the ehemieals 
that mark our 
genome and affeet 
its aetivities, is 
expected to improve 
our understanding 
of human 
development and 
disease. 



ehapter Revlevv Questlons 


True/False 


indieate whether eaeh statement is true or false. 



Fertilization typieally occurs within the uterus. 



In the 2 weeks after its development, the yolk sae is the primary nutrient 
source for the inner eell mass. 


3 

I 

4 

I 

5 


Dizygotie twins are also ealled identieal twins. 

Relaxin is a hormone released by the plaeenta as well as the corpus luteum. 

There is one umbilical artery and two umbilical veins. 

The four extra-embryonic membranes are the yolk sae, amnion, allantois, 
and ehorion. 



The structure that implants in the uterine endometrium is an advaneed 
morula. 



The health risks assoeiated with oral eontraeeptives are far greater than the 
risks assoeiated with pregnaney. 


1 

1 

2 


3 

I 

4 

I 

5 




IVIultìple ehoìee 


Seleet the eorreet answer from the list provided. 



The hormone deteeted in pregnaney kits is 
Q a) relaxin. 

Q b) human ehorionie gonadotropin (hCG). 

Q e) human plaeental laetogen (hPL). 

Q d) gonadotropin-releasing hormone (GnRH). 



Goneerning sex-linked inheritanee, X-linked reeessive traits 

Q a) are more likely to be expressed in females. 

Q b) are more likely to be expressed in males. 

Q e) are never expressed in females. 

Q d) are never expressed in males. 
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Amphimixis is when 

Q a) the blastoeyst implants into the uterine endometrium. 

Q b) a single spermatozoa eontaets the ooeyte membrane. 

Q e) the male pronucleus develops and spindle fibers appear in 

preparation for eell division. 

Q d) the male and female pronuclei fuse. 



VVhieh of the following sex ehromosome patterns represents 
Klinefelter's syndrome? 

□ a)YO 

□ b)XO 

□ c)YYX 

□ d)XXY 



For a given trait T, how would a homozygous dominant genotype 
be indieated? 


□ a)rr 

□ b)Tt 

□ c)ff 

□ d)fr 



If an allele must be present on both the maternal and paternal 
ehromosomes to affeet the phenotype, the allele is said to be 

Q a) dominant. 

Q b) reeessive. 

Q e) heterozygous. 

Q d) polygenie. 



The hormone responsible for milk ejeetion is 

Q a) prolaetin. 

Q b) estrogen. 

Q e) oxytocin. 

Q d) progesterone. 



The phases of labor in the eorreet order are 

Q a) dilation, plaeental, expulsion. 

Q b) plaeental, dilation, expulsion. 

Q e) plaeental, expulsion, dilation. 

Q d) dilation, expulsion, plaeental. 


Short answer 



Identify the five life stages of postnatal development, and identify 
the approximate ages for eaeh stage. 



VVhat is trisomy 21, and what are the risk faetors for having a baby 
with this eondition? 


MasteringA&P® 

Aeeess more ehapter study tools online in the MasteringA&P Study Area: 

■ ehapter Quízzes, Ghapter PraetieeTest, Art-labeling Aetivities, 
Animations, MP3 Tutor Sessions, and Glínieal Case Studies 



\ 

■ Praetiee Anatomy Lab PAL 


■ interaetive Physiology ip® 


■ A&P Flíx 



■ PhysioEx 


PhysioEx 



ehapter Integratíon • Applyíng what you have learned 


The bloeks that buíld a famíly 

Joe and Jane have not been sneeessfnl in having a ehild althongh 
they have been trying for 2 years. They finally eonsnlt with a 
physieian and nndergo eomplete physieal exams and geneties 
testing. They diseover that Joe s genotype is a normal XY, but he 
suffers from oligospermia (low sperm count). Jane is a earrier (XX^) 
for hemophilia A, an X'linked reeessive trait in which the blood 
does not elot properly. The doetor informs them that Joe s low 
sperm count is interfering with their ability to have ehildren, and 
that there is a risk that any ehild who is born will have hemophilia A. 

For most eonples, the only sign that the male has a low 
sperm count is the inability to eoneeive a ehild after 1 year of 
regnlar intereonrse. In most eases, the cause is unknown, but 
other reasons inelnde damaged sperm ducts, infeetions, anti- 
sperm antibodies, or Klinefelter s syndrome, which resnlts in a 
eomplete laek of sperm in the semen (azoospermia). 


\ 



0 


Many people with 
hemophilia maintain 
aetive, prodnetive lives. 

Signs and symptoms vary 
and inelnde unexplained 
bruising, nosebleeds 
with unknown cause, 
and painfnl headaehes. 

Hemophilia A is the most eommon type of hemophilia and is caused 
by insufficient amonnts of elotting faetor VIII. 






If it only takes one sperm to fertilize a seeondary ooeyte, why is 
Joe's olígospermia problematíe for aehíevíng pregnaney? 



Regarding hemophilia A, what is the probability that the couple 
will have daughters with hemophilia? What is the probability that 
the couple wíll have sons with hemophilia? 
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Appendíx 



Periodie Table of Elements 
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2 He 

Helium 

4.00 

10 Ne 

Neon 

20.18 

18 Ar 

Argon 

39.95 

36 Kr 

Krypton 

83.80 

54 Xe 

Xenon 

131.3 

86 Rn 

Radon 




9 F 

Flnorine 

19.00 

17 C1 

ehlorine 

35.45 

35 Br 

Bromine 

79.90 

53 I 

lodine 

126.9 

85 At 

Astatine 



71 Lu 

Lutetium 

175.0 

8 O 

Oxygen 

16.00 

16 S 

Sulfur 

32.07 

34 Se 

Seleninm 

78.96 

52 Te 

Tellurium 

127.6 

84 Po 

Poloninm 

116 Lv 

Livermorium 


70 Yb 

Ytterbium 

173.1 

7 N 

Nitrogen 

14.01 

15 P 

Phosphorns 

30.97 

33 As 

Arsenie 

74.92 

51 Sb 

Antimony 

121.8 

83 Bi 

Bismnth 

209.0 



69 Tm 

Thulium 

168.9 

6 e 

Garbon 

12.01 

14 Si 

Silieon 

28.09 

32 Ge 

Germaninm 

72.63 

50 Sn 

Tin 

118.7 

82 Pb 

Lead 

207.2 

114 F1 

Flerovium 


68 Er 

Erbium 

167.3 

5 B 

Boron 

10.81 

13 A1 

Aluminum 

26.98 

31 Ga 

Gallinm 

69.72 

49 In 

Indium 

114.8 

81 T1 

Thallinm 

204.3 



67 Ho 

Holmium 

164.9 



30 Zn 

Zine 

65.38 

48 Cd 

Cadmium 

112.4 

80 Hg 

Merenry 

200.6 

112 Cn 

Copernicium 


66 Dy 

Dysprosium 

162.5 
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E ^ 

^ ee 

15 ^ 

29 Cu 

Gopper 

63.55 

47 Ag 

Silver 

107.9 

79 Au 

Gold 

197.0 

111 Rg 

Roentgenium 

65 Tb 

Terbium 

158.9 

28 Ni 

Niekel 

58.69 

46 Pd 

Palladium 

106.4 

78 Pt 

Platinnm 

195.1 

110 Ds 

Darmstadtium 

64 Gd 

Gadolinium 

157.3 

27 Co 

Gobalt 

58.93 

45 Rh 

Rhodium 

102.9 

77 Ir 

Iridinm 

192.2 

109 Mt 

Meitnerium 

63 Eu 

Europium 

152.0 

26 Fe 

Iron 

55.85 

44 Ru 

Ruthenium 

101.1 

76 Os 

Osmium 

190.2 

108 Hs 

Hassium 

62 Sm 

Samarium 

150.4 

25 Mn 

Manganese 

54.94 

43 Te 

Technetium 

75 Re 

Rhenium 

186.2 

107 Bh 

Bohrium 

61 Pm 

Promethium 

c-> e 

£ ^ 

O LiJ 


24 Cr 

Chromium 

52.00 

42 Mo 

Molybdenum 

95.96 

74 W 

Tungsten 

183.8 

106 Sg 

Seaborgium 

60 Nd 

Neodymium 

144.2 

1 H 

Hydrogen— 

1.01 


23 V 

Vanadium 

50.94 

41 Nb 

Niobium 

92.91 

73 Ta 

Tantalnm 

180.9 

105 Db 

Dubnium 

59 Pr 

Praseo- 

dymium 

140.9 
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n D) 

11 

* 1 

22 Ti 

Titanium 

47.87 

40 Zr 

Zirconium 

91.22 

72 Hf 

Hafninm 

178.5 

104 Rf 

Ruther- 

fordium 


58 Ce 

Cerium 

140.1 

1 ^ 


21 Se 

Scandium 

44.96 

39 Y 

Yttrium 

88.91 

57-71 

Lanthanoids 

89-103 

Aetinoids 


57 La 

Lanthanum 

138.9 


4 Be 

Beryllinm 

9.01 

12 Mg 

Magnesium 

24.31 

20 Ca 

Calcium 

40.08 

38 Sr 

Strontium 

87.62 

56 Ba 

Barium 

137.3 

88 Ra 

Radium 


1 H 

Hydrogen 

1.01 

3 Li 

Lithinm 

6.94 

11 Na 

Sodium 

22.99 

19 K 

Potassiiim 

39.10 

37 Rb 

Rubidium 

85.47 

55 Cs 

Caesium 

132.9 

87 Fr 

Francium 
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A P P E N D 


Normal Physiologieal Values 



Tables 1 and 2 present normal averages or ranges for the ehem- 
ieal eomposition of body flnids. These valnes are approxima- 
tions rather than absolnte valnes, beeanse test resnlts vary 
from laboratory to laboratory due to differenees in procedures, 
equipment, normal solntions, and so forth. Blanks in the 
tabnlar data appear where data are not available. The follow- 
ing modnles in the text eontain additional information about 
body fluid analysis: 

• Module 17.2 (p. 624) discusses the formed elements of 
whole blood. 


• Module 17.4 (p. 629) provides an example of a eomplete blood 
count (CBC) and examples of red blood eell (RBC) tests. 

• Module 17.9 (p. 638) presents data on the white blood eells 
(WBCs) in whole blood. 

• Module 24.6 (p. 933) eompares the normal values for solutes 
in blood, plasma, and urine. 

• Module 24.12 (p. 945) lists the general eharaeteristies of nor- 
mal urine. 

• Module 24.14 (p. 948) eompares the eomposition of plasma 
and dialysis fluid. 


Table 1 The Composítion of Mínor Body Fluids 




Normal Averages or Ranges 



Test 

Perìlymph 

Endolymph 

Synovìal Fluìd 

Sweat 

Salìva 

Semen 

pH 



7.4 

4-6.8 

6.4* 

7.19 

Speeìfìe gravìty 



1.008-1.015 

1.001-1.008 

1.007 

1.028 

Eleetrolytes (mEq/L) 







Potassium 

5.5-6.3 

140-160 

4.0 

4.3-14.2 

21 

31.3 

Sodium 

143-150 

12-16 

136.1 

0-104 

14* 

117 

Calcium 

1.3-1.6 

0.05 

2.3-4.7 

0.2-6 

3 

12.4 

l\/lagnesium 

1.7 

0.02 


0.03-4 

0.6 

11.5 

Biearbonate 

17.8-18.6 

20.4-21.4 

19.3-30.6 


6* 

24 

ehloride 

121.5 

107.1 

107.1 

34.3 

17 

42.8 

Proteíns (total) (mg/dL) 

200 

150 

1.72 g/dL 

7.7 

386+ 

4.5 g/dL 

Metabolites (mg/dL) 







Amino aeids 




47.6 

40 

1.26 g/dL 

Glucose 

104 


70-110 

3.0 

11 

224 

(fructose) 

Drea 




26-122 

20 

72 

Lipids (total) 

12 


20.9 


25-500§ 

188 


*lncreases under salivary stimylation. 

^Primarily alpha-amylase, with some lysozymes. 
'•'Not present in meroerine (eeerine) seeretions. 
^eholesterol. 
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Table 2 The Chemistry of Blood, Gerebrospinal Fluid (CSF), and Urine 


Normal Averages or Ranges 

Test 

Blood^ 

eSF 

Urìne 

pH 

5: 7.35-7.45 

7.31-7.34 

4.5-8.0 

Osmolarìty (mOsm/L) 

5:280-295 

292-297 

855-1335 

Eleetrolytes 

ímFn/l iinlp^í^í nntpHI 1 

(urinary loss, mEq per 24-hour 
period^) 


Biearbonate 

P: 20-28 

20-24 

0 

Calciunn 

5:8.5-10.3 

2.1-3.0 

6.5-16.5 

ehloride 

P: 97-107 

100-108 

110-250 

Iron 

5:50-150iug/L 

23-52 iug/L 

40-150iug 

Magnesiym 

5:1.4-2.1 

2-2.5 

6.0-10.0 

Phosphorus 

5:1.8-2.9 

1.2-2.0 

0.4-1.3 g 

Potassium 

P: 3.5-5.0 

2.7-3.9 

25-125 

Sodium 

P: 135-145 

137-145 

40-220 

Sulfate S: 0.2-13 


1.07-1.3 g 

Metabolìtes 

(mg/dL unless noted)- 

(urinary loss, mg per 24-hour 


perioid''') 


Amino aeids 

P/S: 2.3-5.0 

10.0-14.7 

41-133 

Ammonia 

P: 20-150 jug/dL 

25-80 iug/dL 

340-1200 

Bilirubin 

S: 0.5-1.0 

<0.2 

0 

Greatinine 

P/S: 0.6-1.5 

0.5-1.9 

770-1800 

Glucose 

P/S: 70-110 

40-70 

0 

Ketone bodies 

S: 0.3-2.0 

1.3-1.6 

10-100 

Laetie aeid 

WB: 0.7-2.5 mE^/L® 

10-20 

100-600 

Lipids (total) 

P: 450-1000 

0.8-1.7 

0.002 

eholesterol (total) 

5:150-300 

0.2-0.8 

1.2-3.8 

Triglyeerides 

5:40-150 

0-0.9 

0 

Llrea 

P: 8-25 

12.0 

1800 

Uric aeid 

P: 2.0-6.0 

0.2-1.5 

250-750 

Proteins 

(g/dL) 

(mg/dL) 

(urinary loss, mg per 24-hour 
period''') 

Total 

P: 6.0-8.0 

2.0-4.5 

0-8 

Albumin 

S: 3.2-4.5 

10.6-32.4 

0-3.5 

Globulins (total) 

S: 23-3.5 

2.8-15.5 

7.3 

lmmunoglobulins 

S: 1.0-2.2 

1.1-1.7 

3.1 

Fibrinogen 

P: 0.2-0.4 

0.65 

0 

*S = seryrn, P = plasma, WB = whole blood. 

+Because urinary output averages just over 1 liter per day, these eleetrolyte values are eomparable to mEq/L. 

'•'Beeaose urinary metabolite and protein data approximate mg/L or g/L, these data must be divided by 10 for eomparison with CSF or blood eoneentrations. 
§Venous blood sample. 
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Codon Chart 


A eodon is a sequence of three consecutive nucleotides in 
mRNA that eodes for a partienlar amino aeid or signals to 
stop protein synthesis. Beeanse eaeh mRNA eodon eonsists 
of three nneleotides, the four nucleotides in mRNA (A, U, 
G, and C) ean prodnee 64 different eombinations. Of these, 
61 eodons eorrespond to amino aeids and three aet as stop 


signals of protein synthesis. There are only 20 different 
amino aeids, so most amino aeids are represented by more 
than one eodon. One eodon, AUG, has a dual role. It eodes 
for the amino aeid methionine and also as the start signal 
for protein synthesis. It is always the first eodon in a strand 
of mRNA. 


Genetie Code (mRNA eodons) 


Seeond nucleotìde 



u 

e 

A 

G 

UUU1 

UCU1 

UCU1 

UGU1 

U 

M UUC. 

Phenylalanine 

^ UCC 

UCC 

Tyrosine 

Gysteine ^ 

u 


Serine 



UUA1 

UCA 

UCA 

Stop UGA 

Stop A 


Leucine 




uugJ 

ucgJ 

UCG 

Stop UGG 

Tryptophan G 

CUU1 

CCU 1 

CCU 1 

CGU1 

U 




Histiedine 


cuc 

eee 

eee . 

CGC 

e 

e 

Leucine 

Proline 


Arginine 

CUA 

CCA 

CCA1 

CGA 

^ A 




Glutamine 


cugJ 

CCG J 

CCG J 

cggJ 

G 

AUU1 

ACU1 

ACU1 

AGU1 

U 




Asparagine 

Serine 

AUC 

lsoleucine ACC 

-r. • ACC . 

AGC . 

e 

A 


Threonine 



AUA. 

ACA 

ACA1 

AGAl 

A 




Lysine 

Arginine 

AUG 

Start or Met* ACG J 

ACG J 

aggJ 

G 

GUU1 

GCU1 

GCU1 

GGU1 

U 




Aspartie ac\d 


GUC 

GCC 

. GCC. 

GGC 

e 


Valine 

Alanine 


Glyeine 

G GUA 

GCA 

GCA' 

GGA 

A 




Glutamic aeid 


gugJ 

gcgJ 

gcgJ 

gggJ 

G 


■o 


o 

o 




a 








O 

o 


a 

(D 


*Abbreviation for methionine. 
































Answers 




GHAPTER1 

Module Reviews 


Module 1.1 Revìew 

a. Several strategies for success in 
this course include approaehing 
the information in ways that 
inelnde teaehing fellow stndents, 
asking questions in elass, 
having a set study schedule 
with a devoted bloek of time, 
mastering memorization, avoiding 
shortents, regnlarly attending and 
partieipating in all elass sessions, 
reading material before elass, 
avoiding proerastination, and 
asking for help immediately if you 
have any problems. b. The learning 
onteomes indieate what you should 
be able to do after eompleting eaeh 
ehapter. e. A “Blaek Box” refers to 
missing knowledge. The more you 
learn about the body, the more you 
will realize how many other things 
you don t know. 

Module 1.2 Revìew 

a. Biology is the study of 
life. b. The basie functions 
shared by all living things are: 
responsiveness, adaptability, 
growth and development, 
reprodnetion, and movement. 
e. Most animals have an internal 
eirenlation network system to 
transport the inputs and/or 
prodnets of digestion, respiration, 
and excretion throughout the 
body or to excretory sites. 

Module 1.3 Revìew 

a. Anatomy is the study of internal 
and external body structures; 
physiology is the study of how 
living organisms perform their 
vital fnnetions. b. Gross anatomy 
(also ealled maeroseopie anatomy) 
is the study of body structures that 
ean be seen with the nnaided eye; 
mieroseopie anatomy is the study 
of body structures that eannot 
be seen without magnifieation. 
e. The structures of body parts 
(anatomy) are elosely related to 
their fnnetions (physiology)—that 
is, fnnetion follows form. 

Module 1.4 Revìew 

a. All speeifie fnnetions are 
performed by speeifie structures, 
and the link between the two is 


always present, but not always 
nnderstood. b. The elbow joint 
moves in a single plane, like the 
opening and elosing of a door on 
a hinge. e. If a structure s anatomy 
were altered, the structure s 
function would likely be impaired 
or perhaps eliminated. 

Module 1.5 Revìew 

a. An organ is two or more tissnes 
working to perform several 
fnnetions. b. The lowest level of 
organization that inelndes the 
smallest living units in the body 
(eells) is the eellnlar level. e. The 
levels of organization between 
eells and organisms are: tissue, 
organ, and organ system. 

Module 1.6 Revìew 

a. The unit used to measure eell 
size is the mierometer, which 
is equal to one-millionth of a 
meter. b. The eell theory holds 
that (1) eells are the structural 
building bloeks of all plants 
and animals, (2) new eells are 
prodneed throngh the division of 
pre-existing eells, and (3) eells are 
the smallest structural units that 
perform all the vital fnnetions of 
life. e. A fat eells large volume 
relative to its surface area makes 
it ideal for storing fat, whereas the 
extensive branehing of a neuron 
permits eommnnieation with a 
large number of other eells. 

Module 1.7 Revìew 

a. Histology is the study of tissues. 

b. The body s four primary 
tissue types that form all body 
structures are: epithelial tissue, 
eonneetive tissue, muscle tissue, 
and neural tissue. e. Epithelial 
tissue eovers external and internal 
snrfaees and prodnees seeretions; 
eonneetive tissue fills internal 
spaees, provides snpport, and 
stores energy; muscle tissue 

is speeialized to eontraet and 
prodnee movement; and neural 
tissue transmits information. 

Module 1.8 Revìew 

a. The body s 11 organ systems 
are the integnmentary, skeletal, 
muscular, nervous, endoerine, 
eardiovasenlar, lymphatie, 
respiratory, digestive, nrinary, 
and reprodnetive systems. 

b. The digestive system provides 


nntrients and minerals for the 
skeletal system, which in turn 
proteets soft tissnes and organs 
of the digestive system. e. Your 
answer may differ, but could 
include the following: Falling 
down a flight of stairs could 
cause a compound fraetnre 
(a broken bone that protrndes 
throngh the skin), which 
could affeet (1) the skeletal 
system (a broken bone), 

(2) the integnmentary system 
(disrnption of skin integrity), 

(3) the muscular system (broken 
bone tearing throngh a muscle), 

(4) the cardiovascular system 
(blood loss at the site of injury), 

(5) the lymphatie system 
(mobilization of speeialized eells 
to defend against infeetion), and 

(6) the nervons system (pain 
and nerve injury as a result of 
the trauma). 

Module 1.9 Revìew 

a. Major organs of the 
integnmentary system are: skin, 
hair, nails, assoeiated glands 
and sensory reeeptors, and 
the subcutaneous layer. Major 
organs of the skeletal system 
are bones, eartilages, joints, and 
bone marrow. Major organs of 
the muscular system are the 
skeletal muscles, tendons, and 
aponenroses. Major organs 
of the nervons system are the 
brain, spinal eord, organs of the 
speeial senses, and the peripheral 
nerves. b. The fnnetions of 
the integnmentary system are 
to eover and proteet the body, 
seerete lipid eoating for hair 
and skin, provide perspiration 
for eooling, and provide for 
sensation. The fnnetions of the 
skeletal system are to snpport 
and proteet soft tissnes and 
organs, allow for movement, store 
minerals, prodnee blood eells, 
and store energy. The fnnetions 
of the muscular system are to 
provide skeletal movement, 
eontrol entranees into the body, 
and prodnee heat. The fnnetions 
of the nervons system are to aet as 
a eontrol and proeessing eenter, 
relay information to and from 
the brain, and provide sensory 
input. e. Your answer may differ, 
but could include the following: 


A disorder of the nervons system 
could affeet the muscular system 
by preventing a patient from 
being able to walk properly if 
she had a spinal eord injury, 
or causing tremors if she had 
Parkinson s disease. 

Module 1.10 Revìew 

a. Major organs of the endoerine 
system are the endoerine 
glands: pineal, pitnitary, thyroid, 
parathyroids, thymus, and 
adrenals; as well as other organs 
that have endoerine fnnetion 
such as the kidneys, panereas, 
and gonads. Major organs of the 
eardiovasenlar system are the 
heart, blood vessels, and blood. 
Major organs of the lymphatie 
system are the lymphatie vessels, 
lymph nodes, spleen, and thymus. 
Major organs of the respiratory 
system are the nasal eavities, 
paranasal sinnses, pharynx, 
larynx, traehea, bronehi, and 
lungs. b. The fnnetions of the 
endoerine system are to eontrol 
and regnlate many physiologieal 
proeesses such as reproduction, 
growth and development, and 
homeostasis of blood pressnre 
and eomposition. The fnnetions 
of the eardiovasenlar system are 
to propel and distribnte blood, 
maintain blood pressnre, and 
transport gases, nntrients, and 
wastes. The fnnetions of the 
lymphatie system are to transport 
lymph, defend against disease, 
and prodnee immune eells. The 
fnnetions of the respiratory 
system are to deteet, smell, 
warm, intake, and filter air, and 
to exchange gases between the 
lungs and blood. e. Your answer 
may differ, but could include the 
following: A lymphatie system 
disease affeets the eardiovasenlar 
system when a patient has an 
asthma attaek and eannot fully 
oxygenate blood due to difficulty 
in breathing. 

Module1.11 Revìew 

a. Major organs of the digestive 
system are the mouth, salivary 
glands, pharynx, esophagns, 
stomaeh, small intestine, liver, 
gallbladder, panereas, and large 
intestine. Major organs of the 
nrinary system are the kidneys. 
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ureters, urinary bladder, and 
nrethra. Major organs of the 
female reprodnetive system 
are the ovaries, nterine tubes, 
uterus, vagina, elitoris, labia, 
and mammary glands. Major 
organs of the male reprodnetive 
system are the testes, epididymis, 
ductus deferens, seminal glands, 
prostate gland, nrethra, penis, 
and serotnm. b. The fnnetions 
of the digestive system are to 

I ingest food, meehanieally and 
enzymatieally digest the food, and 
prepare the remaining wastes for 
elimination. The fnnetions of the 
nrinary system are to form and 
eoneentrate urine, and to store 
urine for eventnal elimination. 

The reprodnetive system prodnees 
eells and sex hormones in both 
sexes. The female reprodnetive 
system also snpports embryonie 
development from fertilization to 
birth. e. Your answer may differ, 
but could include the following: A 
reprodnetive system disorder such 
as a sexually transmitted disease 
that is acquired through the 
urethra could affeet the urinary 
system if the baeterinm travels 
up to the urinary bladder and 
kidneys, eansing a more serions 
infeetion. 

Module 1.12 Revìew 

a. Homeostasis is the presenee 
of a stable internal environment. 
b. Homeostatie regnlation is 
important beeanse failnre to 
maintain homeostasis soon leads 
to illness or death. e. The three 
parts neeessary for homeostatie 
regnlation are a reeeptor or sensor, 
which senses an environmental 
ehange or stimulus; a eontrol or 
integration eenter, which reeeives 
and proeesses the information 
from the reeeptor; and an effeetor, 
which responds by opposing the 
stimulus. 

Module 1.13 Revìew 

a. An example of negative 
feedbaek homeostatie regnlation 
in the body is temperatnre 
regnlation. When temperatnre 
reeeptors in the skin and brain 
deteet a rise in body temperatnre, 
a negative feedbaek regnlation 
is initiated. The eontrol eenters 


in the brain reeeive this input 
and send eommands to effeetors 
eansing blood vessels in the skin 
to dilate and sweat glands to 
seerete. The result is the body 
is eooled, and homeostasis is 
aehieved. b. Negative feedbaek 
systems maintain homeostasis 
(and provide long-term eontrol 
over the body s internal 
eonditions and systems) by 
eonnteraeting any stimulus 
that moves eonditions ontside 
their normal range. e. Positive 
feedbaek is useful in proeesses 
such as blood elotting, which, 
onee begun, must move quickly 
to eompletion. It is harmfnl 
in sitnations where stable 
eonditions must be maintained, 
beeanse it tends to exaggerate 
any departnre from the desired 
eondition. Thus, positive 
feedbaek in the regnlation of 
body temperatnre would cause 
a slight fever to spiral out of 
eontrol, with fatal resnlts. 

Module 1.14 Revìew 

a. Greek and Latin are the source 
of many modern anatomieal 
terms. b. An eponym is an 
anatomieal structure or elinieal 
eondition named after a person. 
e. Anatomy was established as 
a diseipline stndied by medieal 
professionals in Italy at the 
University of Bologna. 

Module 1.15 Revìew 

a. A person in the anatomieal 
position is standing ereet, faeing 
the observer, arms at the sides 
with the palms faeing forward, 
and the feet together. 

b. eiinieians base their 
deseriptions on four 
abdominopelvie quadrants 
(determined by the interseetion 
of two imaginary perpendienlar 
lines that eross at the navel, or 
umbilicus), whereas anatomists 
use nine abdominopelvie regions. 
e. A person lying faee down in the 
anatomieal position is prone. 

Module 1.16 Revìew 

a. The pnrpose of direetional and 
seetional terms is to provide a 
standardized frame of referenee 
for deseribing the human body. 

b. In the anatomieal position, an 


anterior view shows the snbjeet s 
faee, whereas a posterior view 
shows the snbjeet s baek. e. A 
midsagittal seetion would separate 
the two eyes. 

Module 1.17 Revìew 

a. Body eavities (1) proteet 
internal organs and enshion them 
from shoeks that occur during 
aetivity, and (2) allow organs 
within them to ehange size and 
shape without disrupting the 
aetivities of nearby organs. b. The 
body eavities of the trunk are the 
thoraeie eavity (which eontains 
the plenral and perieardial 
eavities) and the abdominopelvie 
eavity (eonsisting of the 
peritoneal, abdominal, and pelvie 
eavities). e. The ineision would 
open the peritoneal portion of the 
abdominopelvie eavity, which is 
just inferior to the diaphragm. 


Seetìon Revìews 


Seetìon 1 Revìew 

1 . respiration; 2 . growth and 
development; 3. adaptability; 

4. eirenlation; 5. excretion; 

6. digestion; 7. movement; 

8. responsiveness; 9. Right atrium, 
Myocardium, Left ventriele, 
Endoeardinm, Snperior vena 
eava; 10. Valve to aorta opens, 
Valve between left atrium and 
left ventriele eloses, Pressnre in 
left atrium, Eleetroeardiogram, 
Heartbeat; 11. Both keys and 
messenger moleenles have speeifie 
three-dimensional shapes, so both 
ean “fit” into and fnnetion with 
their eomplementary structures 
(a loek or a reeeptor protein) 
only if the shapes mateh elosely 
enough. Because messenger 
moleenles need not be flat in one 
dimension (as keys tend to be), 
they ean be very complex in shape, 
and thus may be able to bind 
with a variety of eomplementary 
reeeptor proteins. Moreover, 
althongh a loek has moving 
parts, it does not aetnally ehange 
shape, whereas a reeeptor protein 
bound by a messenger ean ehange 
shape, which in turn affeets its 
fnnetion. 12. Larger organisms 
simply eannot absorb the amount 
of needed materials or excrete 


wastes rapidly enough aeross their 
body surfaces as well as very small 
organisms ean. Their food must 
be proeessed, or digested, before 
being absorbed, and beeanse 
the proeesses of absorption, 
respiration, and excretion occur 
in different parts of the organism, 
an effieient, internal eirenlation 
network for their materials is 
neeessary for snrvival. 

Seetìon 2 Revìew 

1 . eells; 2. organs; 3. organ 
systems; 4. epithelial tissue; 

5. external and internal snrfaees; 

6 . glandnlar seeretions; 

7. eonneetive tissue; 8. matrix; 

9. protein fibers; 10. ground 
snbstanee; 11 . muscle tissue; 

12. movement; 13. bones of the 
skeleton; 14. blood; 15. materials 
within digestive traet; 16. neural 
tissue; 17. neuroglia; 18. In order 
from simplest to most complex, 
the eorreet levels of organization 
are: ehemieal, eellnlar, tissue, 
organ, organ system, and 
organism. 19. integnmentary: 
proteetion from environmental 
hazards, temperatnre eontrol; 

20. skeletal: provides snpport, 
proteets soft tissnes, stores 
minerals, forms blood eells; 

21. muscular: provides skeletal 
movement, guards entranees 
and exits to body, prodnees heat, 
snpports skeleton, proteets soft 
tissnes; 22 . nervons: direets 
immediate responses to stimnli, 
eoordinates the aetivities of other 
organ systems; 23. endoerine: 
eontrols and regnlates growth, 
development, day-night rhythms, 
fluid balanee, ealeinm, glneose 
and water balanee, blood eell 
prodnetion, metabolie rate; 

24. eardiovasenlar: propels and 
distribntes blood, maintains 
blood pressnre, transports gases 
and nntrients, eliminates wastes, 
assists in temperatnre regnlation 
and defense against disease; 

25. lymphatie: transports lymph 
and lymphoeytes, eontrols 
immune response and immune 
eells; 26. respiratory: filters, 
warms, and hnmidifies air; deteets 
smell; eondnets air into body; 

gas exchange between air and 
blood; 27. digestive: proeessing 
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of food and absorption of 
nntrients, minerals, vitamins, and 
water; 28. nrinary: eliminates 
excess water, salts, and waste 
prodnets; eontrols blood pH; 

29. reprodnetive: prodnees 
sperm or ooeytes, prodnees 
hormones, provides the neeessary 
strnetnre and fnnetion for sexual 
intercourse, fetal growth and 
development, and nonrishment of 
the newborn. 30. eardiovasenlar 
system: blood eells; digestive 
system: smooth muscle eells; 
reproductive system: sperm eells 
(male) and ooeytes (female); 
skeletal system: bone eells 
(osteoeytes); nervons system: 
nerve eells (nenrons). Other eells 
could be listed for other systems. 

Seetìon 3 Revìew 

1. positive feedbaek; 

2 . homeostatie regulation; 

3. homeostasis; 4. sensor; 

5. negative feedbaek; 

6. negative feedbaek; 7. positive 
feedbaek; 8 . negative feedbaek; 

9. positive feedbaek; 10. Blood 
flow to skin inereases, sweating 
inereases, body snrfaee eools, and 
temperatnre deelines. 11. Blood 
flow to skin deereases, shivering 
occurs, body heat is eonserved, 
and temperatnre rises. 12. One 
reason your body temperature 
may have dropped is that your 
body may be losing heat faster 
than it is being prodneed. (This is 
more likely to occur on a eool day.) 
Perhaps hormones have caused a 
deerease in your metabolie rate, 
so your body is not prodneing as 
much heat as it normally would. 
Or, you may have an infeetion 
that has temporarily reset the set 
point of the body s “thermostat” 
to a value higher than normal. 

The last possibility is the most 
likely explanation given the 
eirenmstanees. 

Seetìon 4 Revìew 

I. snperior; 2. inferior; 3. eranial; 

4. caudal; 5. posterior or dorsal; 

6. anterior or ventral; 7. lateral; 

8. medial; 9. proximal; 10. distal; 

II. proximal; 12. distal; 13. thoraeie 
eavity; 14. mediastinnm; 15. left 
lung; 16. traehea, esophagns; 

17. heart; 18. diaphragm; 


19. abdominopelvie eavity; 

20 . peritoneal eavity; 21 . digestive 
glands and organs; 22 . pelvie 
eavity; 23. reprodnetive organs 


ehapter Revìew Questìons 


1. right plenral eavity eneloses 
the right lung; 2 . pelvie eavity 
eontains nrinary bladder, 
reprodnetive organs, and the 
last portion of the digestive 
traet; 3. perieardial eavity 
eneloses the heart; 4. left plenral 
eavity eneloses the left lung; 

5. diaphragm is a muscular sheet 
that separates the thoraeie eavity 
and abdominopelvie eavity; 

6. abdominal eavity eontains 
many digestive glands and organs 
enelosed by the peritonenm; 7. e; 
8 . e; 9.k;10.b;11.j;12.h;13.a; 
14.i;15.n;16.d;17.f;18. m;19.g; 
20.1; 21. b; 22. d; 23. b; 24. b; 25. e; 
26. d; 27. e; 28. b; 29. Anatomy is 
the study of structure. Physiology 

is the study of hmetion. 30. The 
three basie prineiples of the eell 
theory are: 1. Gells are the structural 
building bloeks of all plants and 
animals. 2. Gells are prodneed by 
the divisions of pre-existing eells. 

3. Gells are the smallest structural 
units that perform all vital 
fnnetions. 31. The heart is enelosed 
by the perieardial eavity; the 
small intestine is enelosed by the 
peritonenm within the abdominal 
eavity; the large intestine is enelosed 
by the peritonenm within the 
abdominal eavity, but with the 
last portion in the pelvie eavity 
(infraperitoneal); the lungs are 
enelosed by the plenral eavities; the 
kidneys are retroperitoneal. 32. The 
four main tissue types are epithelial 
tissue, eonneetive tissue, muscle 
tissue, and neural tissue. Module 
1.7 identifies a eomprehensive list 
of where these tissnes are found in 
the body. 33. Galeitonin is released 
when ealeinm levels are elevated. 
This hormone should bring about 
a deerease in blood ealeinm levels, 
thus deereasing the stimulus for its 
release. 34. A stroke causes damage 
to the brain, the organ responsible 
for eontrolling both volnntary and 
antonomie aetivities. Therefore, 
a patient could lose eontrol of 


volnntary aetivities such as walking 
or speeeh. Antonomie aetivities 
such as bladder eontrol could also 
be lost. 


ehapter Integratìon 


1. The bullet entered the anterior 
body approximately 2 eentimeters 
inferior to the umbilicus, 
within the hypogastrie (pelvie) 
abdominopelvie region. 2. Organs 
found within the abdominal eavity 
inelnde the liver, stomaeh, spleen, 
small intestine, and most of the 
large intestine. The abdominal 
aorta and inferior vena eava are 
two large blood vessels sitnated 
posteriorly. If the bullet entered 
at this loeation, these structures 
may have been affeeted. 3. It 
is likely that a massive internal 
hemorrhage led to this mans 
death. 4. Aarons endoerine 
system is failing. If he is not 
treated, long-term high blood 
glneose could cause damage to 
the circulatory system resulting in 
high blood pressnre, which could 
also damage the urinary system s 
kidneys, and cause damage to 
the nervous system by depriving 
the retina of blood flow, eansing 
blindness. 5. Normally, eellnlar 
reeeptors would deteet high levels 
of blood glucose. Gontrol eenters 
would stimulate the panereas to 
seerete insnlin. Insnlin would 
have an effeet on the tissnes to 
absorb blood glneose. The failing 
meehanism is likely the response 
of the panereas in that it is not 
prodneing insnlin. 6 . Dietary 
interventions could include 
eontrolling Aaron s diet so that 
his insnlin does not rise rapidly. 
This could be aehieved by eating 
smaller meals more regnlarly. 
Medieal interventions could be 
insulin injeetions when Aarons 
blood glneose is high. 


GHAPTER 2 

Module Reviews 


Module 2.1 Revìew 

a. Atoms are the smallest stable 
units of matter. They are eomposed 


of snbatomie partieles. b. Protons 
have a positive eharge, and 
nentrons are eleetrieally nentral. 
Eleetrons have a negative eharge 
and are much smaller than either 
protons or nentrons. e. Eleetrons 
are snbatomie partieles not in 
the nucleus. They whirl around 
the nucleus ereating an eleetron 
cloud. 

IVIodale 2.2 Revìew 

a. The number of protons in an 
atom is known as the atomie 
number. Mass number is the total 
number of protons and nentrons. 

b. Isotopes are atoms with the same 
number of protons, but different 
nnmbers of nentrons. Hydrogen has 
three isotopes: hydrogen-1, with a 
mass number of 1; deuterium, with 
a mass number of 2; and tritinm, 
with a mass number of 3. The mass 
number is greater in eaeh isotope 
beeanse the atoms eontain an 
inereasing number of neutrons. 

The heavier hydrogen sample must 
eontain a higher proportion of one 
or both of the heavier isotopes. 

e. Traee elements, found in very 
small amonnts in the body, are 
ehemieal elements required for 
normal growth and maintenanee. 

Module 2.3 Revìew 

a. The maximum number of 
eleetrons that ean occupy an atoms 
first three energy levels (eleetron 
shells) is 2,8, and 8, respeetively. 

b. Atoms of inert elements 
are nonreaetive beeanse their 
ontermost eleetron shell eontains 
the maximum number of eleetrons 
possible. e. A eation is formed when 
an atom loses one or more eleetrons 
from its ontermost eleetron shell; 

it has an overall positive eharge 
beeanse it eontains more protons 
than eleetrons. An anion is formed 
when an atom gains one or more 
eleetrons in its ontermost eleetron 
shell; it has an overall negative 
eharge beeanse it eontains more 
eleetrons than protons. 

Module 2.4 Revìew 

a. The two most eommon types of 
ehemieal bonds are ionie bonds, 
which result from the attraetion of 
oppositely eharged atoms (ions), 
and eovalent bonds, which result 
from the sharing of eleetrons. 
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b.The atoms in a water moleenle 
are held together by polar eovalent 
bonds, in which eleetrons are 
shared unequally. e. The term 
moleenle refers only to ehemieal 
structures held together by 
eovalent bonds. Table salt is 
an ionie eomponnd whose 
eomponents—sodium ions and 
ehloride ions—are held together 
by ionie bonds. 

Modale 2.5 Revìew 

a. Solids have a fixed volume and 
shape, liquids have a eonstant 
volume but no fixed shape, and 
gases have neither a eonstant 
volume nor a fixed shape. 

b. Water moleenles are attraeted 
to eaeh other by hydrogen bonds. 
e. The attraetion between water 
moleenles at the water s snrfaee 
ereates snrfaee tension, which 
prevents small objeets from 
penetrating into the water. 

Modole 2.6 Revìew 

a. Gells are ehemieal faetories 
beeanse they use complex 
ehemieal reaetions to provide 
the energy they need to maintain 
homeostasis and to perform 
essential fnnetions. b. Workìs 
the movement of an objeet or a 
ehange in the physieal structure 
of matter. Energy is the eapaeity 
to perform work. Potential 
energy is stored energy that 
has the potential (eapability) 
to do work. Kinetie energy is 
the energy of motion. e. Gells 
do work when they synthesize 
complex moleenles and move 
materials into and out of eells. 
Muscle eontraetion requires 
energy. Molecules inside muscle 
eells store the potential energy of 
eontraetion. The potential energy 
of eontraetion is eonverted into 
kinetie energy when a muscle 
eontraets. 

Module 2.7 Revìew 

a. The ehemieal shorthand used 
to deseribe ehemieal compounds 
and reaetions effeetively is known 
as ehemieal notation. b. The 
moleenlar formnla for glneose, a 
eomponnd eomposed of 6 earbon 
atoms, 12 hydrogen atoms, and 6 
oxygen atoms, is e. The 

weight of 1 mole of glneose is 180 


grams. (Add the atomie weights 
of6C = 72 g, 12H = 12 g, and 
6 O = 96 g.) 

Module 2.8 Revìew 

a. Three types of ehemieal 
reaetions important in human 
physiology are (1) deeomposition 
reaetions, in which a moleenle 
is broken down into smaller 
fragments; (2) synthesis reaetions, 
in which small moleenles are 
assembled into larger ones; and 
(3) exchange reaetions, in which 
parts of the reaeting moleenles 
are shnffled around to prodnee 
new prodnets. b. In hydrolysis 
reaetions, water is a reaetant, 
whereas in dehydration synthesis 
reaetions water is a prodnet. 
e. The source of the released 
energy is the potential energy 
stored in the eovalent bonds of 
the glneose moleenle. Energy 
was released when some of the 
eovalent bonds were broken 
during this eatabolie reaetion. 

Module 2.9 Revìew 

a. An enzyme is a protein that 
lowers the aetivation energy, 
which is the amount of energy 
required to start a ehemieal 
reaetion. b. Enzymes promote 
ehemieal reaetions by lowering the 
aetivation energy requirements 
and making it possible for 
ehemieal reaetions to proeeed 
under eonditions eompatible with 
life. e. Metabolites are moleenles 
that ean be synthesized or broken 
down by ehemieal reaetions inside 
our bodies. Nutrients are essential 
metabolites normally obtained 
from the diet. 

Module 2.10 Review 

An exercising stndent s body could 
use water to: a. lubricate joints 
for easy movement. b. fnnetion 
in the dehydration synthesis and 
hydrolysis reaetions of muscle 
eontraetion. e. form perspiration 
that would evaporate from the 
skin, thereby eooling the body, 
and to dissolve the waste prodnets 
generated by exercise. 

Module 2.11 Revìew 

a. Sodium ehloride dissoeiates in 
water as the positive poles of water 
moleenles are attraeted to the 
negatively eharged ehloride ions. 


and the negative poles of water 
moleenles are attraeted to the 
positively eharged sodium ions. 
The ions stay dissolved in solntion 
beeanse a layer of surrounding 
water moleenles, or hydration 
sphere, separates them from eaeh 
other. b. Eleetrolytes are solnble 
inorganie moleenles whose 
ions will eondnet an eleetrieal 
enrrent in solntion. e. Hydrophilie 
moleenles are attraeted to water 
moleenles, whereas hydrophobie 
moleenles do not interaet with 
water moleenles. 

Module 2.12 Revìew 

a. pH is a measnre of the hydrogen 
ion eoneentration in a solntion, 
defined as the negative logarithm 
of the hydrogen ion eoneentration, 
expressed in moles per liter. 

On the pH seale, 7 represents 
nentrality, values below 7 indieate 
aeidie solntions, and values 
above 7 indieate alkaline (basie) 
solntions. b. The pH of varions 
body fluids must remain relatively 
eonstant if the body is to maintain 
homeostasis and remain healthy. 
e. An aeid is a eomponnd whose 
dissoeiation in solntion releases a 
hydrogen ion (H+) and an anion; 
a base is a eomponnd whose 
dissoeiation releases a hydroxide 
ion (OH“) into the solntion or 
removes a hydrogen ion (H^) from 
the solntion; and a salt is an ionie 
eomponnd eonsisting of a eation 
other than H^ and an anion other 
than OH“. 

Module 2.13 Revìew 

a. Organie eomponnds always 
eontain the elements earbon and 
hydrogen, and generally oxygen 
as well. b. A fnnetional group is 
a grouping of atoms that eonfer 
speeifie ehemieal properties to 
the rest of a moleenle to which 
it is attaehed. e. Amino groups 
are the functional groups of 
amino aeids. Carboxyl groups are 
functional groups of fatty aeids 
and amino aeids. Hydroxyl groups 
are the functional groups that 
link moleenles by dehydration 
synthesis and affeet a moleenle s 
solnbility. Phosphate groups 
are functional groups found in 
nneleie aeids and high-energy 
eomponnds. 


Module 2.14 Revìew 

a. Compounds with a C:H:0 
ratio of 1:2:1 are earbohydrates 
and are used in the body mainly 
as energy sonrees. b. The three 
structural elasses of earbohydrates 
are monosaeeharides (glneose), 
disaeeharides (snerose), 
and polysaeeharides (stareh). 
e. Muscle eells make (synthesize) 
glyeogen by linking numerous 
glucose molecules in a series of 
dehydration synthesis reaetions. 

Module 2.15 Review 

a. Lipids are a diverse group 
of water-insoluble organie 
eomponnds that eontain earbon, 
hydrogen, and oxygen in a ratio 
that does not approximate 
1:2:1 (they eontain less oxygen 
than do earbohydrates). 

Examples are fatty aeids, 
glyeerides, eieosanoids, steroids, 
phospholipids, and glyeolipids. 

b. All fatty aeids eonsist of 
a hydroearbon ehain and a 
carboxyl group. In satnrated 
fatty aeids, eaeh earbon atom 
in the hydroearbon ehain has 
four single eovalent bonds that 
bind the maximum number of 
hydrogen atoms possible. In 
unsaturated fatty aeids, one 

or more of the earbon atoms 
in the hydroearbon ehain has 
double eovalent bonds, so fewer 
hydrogen atoms are bonded. e. In 
the hydrolysis of a triglyeeride, 
the reaetants are a triglyeeride 
and three water moleenles. The 
prodnets are a glyeerol moleenle 
and three fatty aeids. 

Module 2.16 Revíew 

a. Eieosanoids fnnetion primarily 
as ehemieal messengers; steroids 
fnnetion as both eomponents of 
eellnlar membranes (eholesterol) 
and sex hormones (androgens 
and estrogens); and phospholipids 
and glyeolipids are important 
eomponents of eellnlar membranes. 

b. eholesterol is a eomponent 
of plasma membranes and is 
important for eell growth and 
division. e. When phospholipids 
and glyeolipids form a mieelle, 
the hydrophobie tails of both 
moleenles are inside the mieelle, 
and their hydrophilie heads are 
ontside the mieelle. 
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Module 2.17 Revìew 

a. Proteins are organie 
eomponnds formed from amino 
aeids. Eaeh amino aeid eontains 
a earbon atom, a hydrogen 
atom, an amino gronp (-NH^), a 
carboxyl gronp (-COOH), and 
an R gronp (a variable side ehain 
of one or more atoms). b. Dnring 
the dehydration synthesis of two 
amino aeids, a peptide bond links 
the amino gronp of one amino 
aeid with the carboxyl gronp 
of the other amino aeid. e. The 
heat of boiling breaks bonds that 
maintain the protein s tertiary 
strnetnre, quaternary structure, 
or both. The resulting ehange in 
shape affeets the ability of the 
protein moleenle to perform 
its normal biologieal fnnetions. 
These ehanges are known as 
denatnration. 

Modale 2.18 Revìew 

a. The aetive site is the loeation 
on an enzyme where snbstrate 
binding occurs. b. The reaetants 
in an enzymatie reaetion are 
ealled snbstrates. e. An enzyme s 
speeifieity resnlts from the unique 
shape of its aetive site, which 
permits only a snbstrate with a 
eomplementary shape to bind. 

Module 2.19 Revìew 

a. Gells obtain energy from the 
high-energy bonds of eomponnds 
such as ATP. b. ATP (adenosine 
triphosphate) is a eomponnd 
eonsisting of adenosine to 
which three phosphate groups 
are attaehed; high-energy 
bonds attaeh the seeond and 
third phosphates. e. Adenosine 
monophosphate (AMP) is a 
nneleotide eonsisting of adenosine 
plus a phosphate group (PO^^“), 
and adenosine diphosphate 
(ADP) is a eomponnd eonsisting 
of adenosine with two phosphate 
groups attaehed. Adding a 
phosphate group to AMP ereates 
ADP. Breaking one phosphate 
linkage of ATP, to form ADP, 
provides the primary source of 
energy for physiologieal proeesses. 

Module 2.20 Revìew 

a. Nneleie aeids are large organie 
moleenles eomposed of earbon, 
hydrogen, oxygen, nitrogen. 


and phosphorns that regnlate 
the synthesis of proteins and 
make up the genetie material in 
eells. b. The nneleie aeid RNA 
(ribonneleie aeid) eontains the 
sugar ribose. The nucleic aeid 
DNA (deoxyribonucleic aeid) 
eontains the sugar deoxyribose; 
both eontain nitrogenons bases 
and phosphate groups. e. The 
eomplementary strands of 
DNA are held together throngh 
eomplementary base pairing 
between adenine and thymine, 
and between gnanine and 
eytosine. 


Seetìon Revìews 


Seetìon 1 Review 
1.f;2.d; 3.k; 4. a; 5.1; 6.h; 7.i; 

8.j; 9.c;10. e; ll.g; 12.b; 13.2; 
14.4; 15.1; 16.0; 17.6; 18.12; 

19.7; 20.7; 21.20; 22.20; 

23. moleenle; 24. eomponnd; 

25. moleenle; 26. eomponnd; 

27. The outer energy level of inert 
elements is filled with eleetrons, 
whereas the outer energy level of 
reaetive elements is not filled with 
eleetrons. Atoms with nnfilled 
outer energy levels will reaet 
with other atoms. Atoms with 
filled outer energy levels will not 
reaet with other atoms. 28. Both 
polar and nonpolar moleenles are 
held together by eovalent bonds. 
However, in a polar moleenle the 
eleetrons are not shared equally, so 
it earries small, or partial, positive 
and negative eharges on its snrfaee; 
in a nonpolar moleenle the eleetrons 
are shared equally, so it is eleetrieally 
neutral. 29. Both eovalent bonds 
and ionie bonds bind atoms 
together, but eovalent bonds involve 
the sharing of eleetrons between 
atoms, whereas ionie bonds involve 
the eleetrieal attraetion of oppositely 
eharged atoms (ions). 

Seetìon 2 Revìew 
1. h; 2. g; 3. e; 4. f; 5. d; 6 . e; 7. a; 

8. b; 9. H^^IO.^H^II.ÓHp; 

12.q,H,,0„;13-qH,A + 6 0, 

^ 6 eO^ + 6 H^O; 14. hydrolysis 
reaetion; 15. dehydration 
synthesis reaetion; 16. A 
deereased amount of enzyme 
at the seeond step would limit 
the amount of the intermediate 


prodnets in the next two steps. 
This would cause a deerease in the 
amount of the final prodnet. 

Seetìon 3 Revìew 

1. e; 2. h; 3. i; 4. d; 5. a; 6. j; 

7. e; 8. g; 9. f; 10. b; 11. effeetive 
inbrieation (as between bony 
snrfaees in a joint); 12. reaetivity 
(partieipates in ehemieal 
reaetions); 13. high heat 
eapaeity (readily absorbs and 
retains heat); 14. solnbility (is a 
solvent for many snbstanees); 

15. aeidie; 16. nentral; 17. alkaline; 
18. The pH 3 solntion is 1000 
times more aeidie than the pH 6 
solntion—it eontains a one- 
thonsandfold (lO^) inerease in the 
eoneentration of hydrogen ions 
(H+). 19. Three negative effeets 
of abnormal fluctuations in pH 
are eell and tissue damage (due 
to broken bonds), ehanges in the 
shapes of proteins, and altered 
eellnlar fnnetions. 20. Table salt 
dissoeiates (dissolves) in pure 
water but because it does not 
release either hydrogen ions (H^) 
or hydroxide ions (OH“), 
no ehange in pH occurs. 

Seetìon 4 Revìew 

1 . earbohydrates; 2 . polysaeeha- 
rides; 3. disaeeharides; 

4. monosaeeharides; 5. lipids; 

6. fatty aeids; 7. glyeerol; 

8. proteins; 9. amino aeids; 

10. nneleie aeids; 11. RNA; 

12. DNA; 13. nneleotides; 

14. ATP; 15. phosphate 
groups; 16. polysaeeharide, 
polyunsaturated, polypeptide; 

17. triglyeeride; 18. disaeeharide, 
diglyeeride, dipeptide; 19. glyeogen, 
glyeolipids; 20 . g; 21 . f; 22 . e; 

23. h; 24. d; 25. e; 26. b; 27. j; 

28. k; 29. i; 30. a 


ehapter Revìew Questìons 


1. e; 2. e; 3. b; 4. e; 5. e; 6. a; 7. e; 

8. b; 9. d;10. a;11.b;12.d; 
13.c;14. b;15.d;16. a;17. b; 

18. d; 19. protons, nentrons, and 
eleetrons; 20 . earbohydrates, 
lipids, proteins, and nneleie 
aeids; 21. Lipids perform many 
fnnetions in the body inelnding: 
energy reserve, insnlation and heat 
eonservation, organ proteetion, 
ehemieal messengers, structural 


eomponents of eell membranes, 
and digestive seeretions. 

22. Proteins are long ehains of 
amino aeids bound together by 
peptide bonds. Progressive folding 
and pleating of the ehain into 
more complex shapes modifies 
the primary linear arrangement 
of amino aeids. The inereasing 
levels of complexity are primary, 
seeondary, tertiary, and 
quaternary structures. 

23. (a) DNA: deoxyribose, 
phosphate, and nitrogenons bases 
(A, T, e, G); (b) RNA: ribose, 
phosphate, and nitrogenons 
bases (A, U, C, G); 24. Enzymes 
are speeialized protein eatalysts 
that lower the aetivation energy 
for ehemieal reaetions. Enzymes 
speed up ehemieal reaetions 

but are not used up or ehanged 
in the proeess. 25. A salt is an 
ionie eomponnd eonsisting of 
any eations other than hydrogen 
ions and any anions other than 
hydroxide ions. Aeids dissoeiate 
and release hydrogen ions, 
whereas bases remove hydrogen 
ions from solntion (usually 
by releasing hydroxide ions). 

26. Nonpolar eovalent bonds 
involve an equal sharing of 
eleetrons. Polar eovalent bonds 
involve an unequal sharing of 
eleetrons. lonie bonds result 
from the attraetion of oppositely 
eharged ions. (lons are atoms 
which have either lost or gained 
eleetrons.) 27. The moleenle is a 
nneleie aeid. Garbohydrates and 
lipids do not eontain nitrogen. 
Althongh both proteins and 
nneleie aeids eontain nitrogen, 
only nneleie aeids normally 
eontain phosphorns. 28. The 
inseet ean walk aeross the snrfaee 
of the pond beeanse its small 
mass is not snffieient to break 
the snrfaee tension ereated by 
the hydrogen bonds between the 
water moleenles. 29. All of the 
foods and drink that the stndent 
eonsnmed have a pH below 7 and 
are therefore aeidie. These aeidie 
foods, in eonjnnetion with the 
hydroehlorie aeid in his stomaeh 
neeessary for digestion, are likely 
the cause of his upset stomaeh. 
Consuming foods that are 
slightly alkaline could buffer his 
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stomaeh eontents and relieve his 
symptoms. 

30. (a) 



Oxygen atom 


(b) Two more eleetrons ean fit 
into the ontermost energy level of 
an oxygen atom. 


ehapter Integratìon 


1. Digestion involves breaking 
down moleenles into smaller 
fragments; therefore, the 
digestivo would be promoting 
deeomposition reaetions. 

2. The deeomposition reaetions 
occurring in Glaire s digestive 
traet are releasing some of the 
potential energy stored in the 
eovalent bonds of the food she 
just consumed. This energy ean 
be used to do work, but some 
of that energy is lost to heat, 
which could result in her feeling 
warmer and wanting to remove 
her jaeket. 3. Nntrients, the 
essential metabolites obtained 
from our diet, are digested by 
enzymes. If the digestivo is truly 
aiding in digestion, it would have 
to be rieh in digestive enzymes. 
4. The polysaeeharides would 
be broken down, or eatabolized, 
into monosaeeharides. Lipids 
such as glyeerides would be 
broken down into simpler 
moleenles such as diglyeerides, 
monoglyeerides, and glyeerol. 
The proteins would be broken 
down into amino aeids. 


CHAPTER3 

Module Revievvs 


Modale 3.1 Revíew 

a. The eell theory states that 
eells are the bnilding bloeks of 
all plants and animals, all new 
eells eome from the division of 
pre-existing eells, and eells are 
the smallest units that earry out 
all vital physiologieal functions. 


b. All eells are deseendants of the 
fertilized ovum. e. Differentiation 
is the gradnal speeialization of 
eells due to regional differenees 
in the eytoplasm of the fertilized 
ovum. 

Module 3.2 Revìew 

a. Gytoplasm is the material 
between the plasma membrane 
and the nnelear membrane; 
eytosol is the fluid portion of 
the eytoplasm. b. Membranons 
organelles and their fnnetions are 
as follows: Endoplasmie reticulum 
synthesizes seeretory prodnets 
and partieipates in intraeellnlar 
storage and transport; the 
nucleus eontrols metabolism, 
stores and proeesses genetie 
information, and eontrols protein 
synthesis; rough ER modifies 
and paekages newly synthesized 
proteins; smooth ER synthesizes 
lipids and earbohydrates; Golgi 
apparatns stores, alters, and 
paekages seeretory prodnets and 
lysosomal enzymes; lysosomes 
remove damaged organelles 
or intraeellnlar pathogens; 
mitoehondria prodnee 95 pereent 
of the ATP required by the eell; 
and peroxisomes nentralize toxic 
eomponnds. e. The eytoskeleton 
strengthens and snpports the eells 
and enables movement of eellnlar 
structures and materials. 

Module 3.3 Revìew 

a. The general fnnetions of 
the plasma membrane inelnde 
physieal isolation of the eell from 
its environment, regnlation of 
exchange with the environment, 
sensitivity to the environment, 
and structural support. b. The 
phospholipid bilayer of the plasma 
membrane is mostly responsible 
for isolating a eell from its external 
environment. e. Ghannel proteins 
are integral proteins that allow 
water and small ions to pass 
throngh the plasma membrane. 

Module 3.4 Revìew 

a. The three basie eomponents 
of the eytoskeleton are 
mierofilaments, intermediate 
filaments, and microtubules. 

b. Microtubules are eommon to 
both eentrioles and eilia. e. Motile 
eilia propel materials aeross eell 
snrfaees. 


Module 3.5 Revìew 

a. Newly synthesized proteins 
from free ribosomes enter 
the eytosol; those from fixed 
ribosomes enter the ER. b. Smooth 
endoplasmie reticulum (SER) 
laeks ribosomes, and its eisternae 
are tubular. e. The SER functions 
in the synthesis of lipids such 
as steroids. Ovaries and testes 
prodnee large amonnts of steroid 
hormones, which are lipids, 
and thus eontain large amonnts 
ofSER. 

Module 3.6 Revìew 

a. The Golgi apparatns 

(1) modifies and paekages eellnlar 
seeretions, such as hormones or 
enzymes; (2) renews or modifies 
the plasma membrane; and 

(3) paekages speeial enzymes 
within vesieles for use within 
the eell. b. Lysosomes eontain 
digestive enzymes. e. Lysosomes 
may (1) break down other 
intraeellnlar organelles to enhanee 
reeyeling and membrane flow; 

(2) fuse with vesieles eontaining 
fluids or solids from the external 
environment to obtain nntrients 
or destroy pathogens; and 

(3) break down and release their 
digestive enzymes, resnlting in the 
destrnetion of the eell (antolysis). 

Module 3.7 Revìew 

a. A double membrane eneloses 
a mitoehondrion; the outer 
membrane surrounds the 
organelle, whereas the inner 
membrane eontains folds 
ealled eristae and eneloses a 
fluid, enzyme-filled matrix. 

b. Mitoehondria require oxygen 
to prodnee ATR e. Mitoehondria 
prodnee energy in the form of 
ATP moleenles. A great number 
of mitoehondria in a eell indieates 
a high demand for energy. 

Module 3.8 Revìew 

a. The nucleus functions as a 
eontrol eenter in a eell. It stores all 
the information needed to direet 
the synthesis of the more than 
100,000 proteins in the human 
body. It eontrols which proteins 
are synthesized and when. b. Most 
eells eontain a single nucleus, 
but there are exceptions. Skeletal 
muscle eells have many nuclei; 
red blood eells have none. e. The 


genetie information in the eell is 
eoded in the sequence of DNA 
nneleotides. 

Module 3.9 Revíew 

a. The nucleus is a cellular 
organelle eontaining DNA, RNA, 
and proteins. Surrounding the 
nucleus is the double-membraned 
nnelear envelope; the gap within 
this double membrane is the 
perinnelear spaee. Nnelear 
pores allow for ehemieal 
eommnnieation between the 
nucleus and the eytosol. b. The 
DNA in the nucleus stores the 
eells instructions for synthesizing 
proteins. e. The nuclei of human 
somatie eells eontain 23 pairs of 
ehromosomes. 

Module 3.10 Revíew 

a. A gene is a portion of a 
DNA strand that fnnetions as 
a hereditary unit and eodes for a 
speeifie protein. b. The genetie 
eode is deseribed as a triplet 
eode beeanse a sequence of three 
nitrogenons bases—a triplet— 
speeifies the identity of a speeifie 
amino aeid. e. The three types of 
RNA involved in protein synthesis 
are ribosomal RNA (rRNA), 
messenger RNA (mRNA), and 
transfer RNA (tRNA). 

Module 3.11 Revìew 

a. Transeription is the eneoding 
of the genetie instrnetions in a 
segment of DNA onto a strand 
of RNA (typieally mRNA). 

b. The DNA template strand is 
the strand of DNA that will be 
used to synthesize RNA. e. A 
eell that laeked the enzyme RNA 
polymerase would not be able to 
transeribe RNA from DNA. 

Module 3.12 Review 

a. Translation is the synthesis of 
a protein using the information 
provided by the sequence of 
eodons along an mRNA strand. 

b. The seeond eodon is GCA, 
and its eomplementary antieodon 
sequence is CGU. e. Deletion 

of a base during transeription 
will ehange the makeup of all 
subsequent eodons in the mRNA 
base sequence; the altered mRNA 
sequence will then result in the 
ineorporation of a different series 
of amino aeids into the protein 
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during translation. Almost 
eertainly the protein so produced 
will not be fnnetional. 

Module 3.13 Revìew 

a. Permeability is the plasma 
membrane property that preeisely 
determines which snbstanees 
ean enter or leave the eytoplasm. 

b. Three different types of 
membranes based on permeability 
are freely permeable membranes, 
which permit any snbstanee to 
pass without difficulty; seleetively 
permeable membranes, such 

as plasma membranes, which 
permit some snbstanees to pass, 
but prevent other snbstanees 
from passing; and impermeable 
membranes, which permit 
nothing to pass throngh. e. Passive 
proeesses do not require ATP 
for a substance to pass throngh 
the plasma membrane. Aetive 
proeesses require ATP for a 
substance to pass throngh the 
plasma membrane. 

Module 3.14 Revìew 

a. Diffnsion is the passive 
movement of moleenles from an 
area of higher eoneentration to 
an area of lower eoneentration 
until equilibrium is reaehed. 

b. Faetors that influence diffnsion 
rates inelnde distanee, moleenle 
size, temperatnre, eoneentration 
gradient size, eleetrieal forees, 
and the presenee or absenee of 
membrane ehannel proteins. 

e. Diffnsion is driven by a 
eoneentration gradient. The 
higher the eoneentration gradient, 
the faster the rate of diffnsion; the 
lower the eoneentration gradient, 
the slower the rate of diffnsion. 

If the eoneentration of oxygen in 
the lungs were to deerease, the 
eoneentration gradient between 
oxygen in the lungs and oxygen in 
the blood would deerease (as long 
as the oxygen level of the blood 
remained eonstant). Thus, oxygen 
would diffuse more slowly into 
the blood. 

Module 3.15 Revìew 

a. Osmosis is the passive 
movement of water aeross a 
seleetively permeable membrane 
from a solntion with a lower solute 
eoneentration to a solntion with 
a higher solute eoneentration. 


b. A hypotonie solntion would 
cause an osmotie flow into the 
eell, leading to swelling and 
eventnal bnrsting of the red blood 
eell (hemolysis). A hypertonie 
solntion would cause an osmotie 
flow out of the eell, resulting in a 
shriveled or eollapsed red blood 
eell (erenation). e. The 10 pereent 
salt solntion is hypertonie with 
respeet to the eells lining the nasal 
eavity (the solntion eontains a 
higher salt eoneentration than do 
the eells). The hypertonie solntion 
would draw water out of the eells 
(which would shrink), adding 
water to (dilnting) the mucus. 
Thinner mucus would help relieve 
the eongestion. 

Module 3.16 Revìew 

a. In earrier-mediated transport, 
integral proteins bind speeifie ions 
or moleenles and transport them 
aeross the plasma membrane. 

b. In both faeilitated diffnsion 
and aetive transport, a earrier 
moleenle transports materials 
aeross the plasma membrane. 
e. Transporting hydrogen ions 
against their eoneentration 
gradient—that is, from a site 
where they are less eoneentrated 
(the eells lining the stomaeh, 
which prodnee the hydrogen 
ions) to a region where they are 
more eoneentrated (the digesting 
stomaeh eontents)—requires 
energy. Thus, an aetive transport 
proeess must be involved. 

Module 3.17 Revìew 

a. Endoeytosis is the proeess in 
which a membranons vesiele 
forms at the eell snrfaee, eneloses 
a relatively large voIume of 
extracellular material, and then 
moves into the eytoplasm. Types 
of endoeytosis are pinoeytosis, the 
vesiele-mediated movement into 
the eytoplasm of extracellular fluid 
and its eontents, and phagoeytosis, 
the vesiele-mediated movement 
into the eytoplasm of extracellular 
solids, espeeially baeteria and 
debris. b. The engnlfment of 
baeteria and their transport into 
the eell is ealled phagoeytosis. 
e. Exocytosis is the ejeetion of 
eytoplasmie materials after a 
membranons vesiele fuses with 
the plasma membrane. 


Module 3.18 Revìew 

a. Cell division is important 
beeanse it is essential to snrvival. 
Aging and environmental 
stressors damage eells. Cellular 
division replaees old and 
damaged eells. b. Apoptosis is the 
genetieally programmed death 
of a eell. e. Mitosis prodnees two 
danghter eells, eaeh eontaining 
46 ehromosomes. Meiosis prodnees 
sex eells (sperm or ooeytes) 
eontaining only 23 ehromosomes. 

Module 3.19 Revìew 

a. Interphase is the portion of a 
eelFs life eyele during which the 
ehromosomes are nneoiled and all 
normal eellnlar fnnetions except 
mitosis are under way. Its stages 
are G^, S, G^, and G^. b. Important 
enzymes for DNA replieation 
are DNA helieases, DNA 
polymerase, and DNA ligases. 
e. This eell is likely in the G^ phase 
of interphase. 

Module 3.20 Revìew 

a. Mitosis is the division of a 
eell nucleus into two identieal 
danghter eell nuclei, an essential 
step in eell division. Its four 
stages are prophase, metaphase, 
anaphase, and telophase. 

b. A ehromatid is a eopy of a 
dnplieated ehromosome. Human 
eells normally eontain 23 pairs of 
ehromosomes, so during mitosis 
a human eell would eontain 

92 ehromatids. e. If spindle fibers 
failed to form during mitosis, 
the ehromosome would not be 
able to separate into two sets. If 
eytokinesis oeenrred, the result 
would be one eell with two sets 
of ehromosomes, and one eell 
with none. 

Module 3.21 Revìew 

a. Ganeer is an illness 
eharaeterized by mntations 
that disrnpt normal eell eontrol 
meehanisms and prodnee 
malignant eells. b. A tumor (or 
neoplasm) is a mass or swelling 
prodneed by abnormal growth 
and division of eells. The eells of 
a benign tumor typieally remain 
within their tissue of origin and 
seldom threaten life. e. Metastasis 
is the spread of eaneer eells from 
one site to another, prodneing 
seeondary tumors. 


Seetìon Revìews 


Seetìon 1 Revìew 

1 . glyeolysis; 2 . aerobie 
(metabolism); 3. mierovilli; 

4. lysosome; 5. mierovilli: 
inerease snrfaee area to faeilitate 
absorption of extracellular 
materials; 6 . Golgi apparatus: 
stores, alters, and paekages 
newly synthesized proteins; 

7. lysosome: intraeellnlar removal 
of pathogens or damaged 
organelles; 8. mitoehondrion: 
prodnees 95 pereent of the 

ATP required by the eell; 

9. peroxisome: neutralizes toxic 
compounds; 10. nucleus: eontrols 
metabolism, stores and proeesses 
genetie information, eontrols 
protein synthesis; 11. rough 
endoplasmie reticulum: has 
ribosomes bound to the 
membranes, modifies and 
paekages newly synthesized 
proteins; 12. ribosomes: protein 
synthesis; 13. eytoskeleton: 
provides strength and snpport, 
enables movement of eellnlar 
structures and materials; 

14. Similar to the role of a plasma 
membrane around a eell, an 
organelle membrane physieally 
isolates the organelle s eontents 
from the eytosol, regnlates 
exchange with the eytosol, and 
provides structural support. 

Seetìon 2 Revìew 
1. d; 2. h; 3.1; 4. a; 5. k; 6. n; 7. m; 

8. b; 9.j;10.e;11.i;12.c;13.g; 

14. f; 15. AUG/UUU/UGU/ 
GCC/GCC/UUA; 16. UAC/ 
AAA/ACA/CGG/CGG/AAU; 

17. Methionine-Phenylalanine- 
Cysteine-Alanine-Alanine- 
Leneine; 18. The nucleus eontains 
the information for synthesizing 
proteins in the nneleotide 
sequence of its DNA. Changes 
in the extracellular fluid ean 
affeet eells throngh the binding of 
moleenles to plasma membrane 
reeeptors or by the diffnsion of 
moleenles throngh membrane 
ehannels. Such stimuli may result 
in alterations of genetie aetivity in 
the nucleus. These alterations may 
ehange bioehemieal proeesses 
and metabolie pathways throngh 
the synthesis of additional, fewer, 
or different enzymes. Altered 
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genetie aetivity may also ehange 
the physieal strnetnre of the eell by 
synthesizing additional, fewer, or 
different strnetnral proteins. 

Seetìon 3 Revìew 

1 . diffnsion; 2 . faeilitated 
diffnsion; 3. moleenlar size; 

4. net diffnsion of water; 5. aetive 
transport; 6 . speeifieity; 

7. vesienlar transport; 

8. exocytosis; 9. pinoeytosis; 

1 0. ‘ eell eating”; 11 . diffnsion; 

12. neither; 13. osmosis; 

14. diffnsion; 15. osmosis 

Seetìon 4 Revìew 

1 . somatie eells; 2. phase; 

3. phase; 4. DNA replieation; 

5. mitosis; 6 . metaphase; 

7. telophase; 8. eytokinesis; 

9. telophase; 10. prophase; 

11 . eentromere; 1 2. A eell that 
nndergoes repeated ronnds 

of the eell eyele without 
eytokinesis could result in a large, 
multinucleated eell. 


ehapter Revìew Questìons 


1 . b; 2. e; 3. b; 4. b; 5. a; 6. b; 7. a; 
8. b; 9. d; 10. b; 11. e; 12. e; 

13. anehoring proteins, reeognition 
proteins, reeeptor proteins, 
earrier proteins, and ehannels; 

14. Mitosis speeifieally refers to 
the division and dnplieation of the 
eells nucleus. Gytokinesis is the 
division of the eytoplasm into two 
distinet new eells. 15. Diffnsion 

is the movement of solntes 
by eoneentration differenees. 
Osmosis is the net diffnsion 
of water aeross a membrane. 

16. Mitoehondria eontain their 
own DNA ealled mtDNA. It 
eodes for small nnmbers of RNA 
and polypeptide moleenles. The 
polypeptides are used in enzymes 
required for energy prodnetion. 

17. The nonmembranons 
organelles are the eytoskeleton, 
mierovilli, eentrioles, eilia, flagella, 
and ribosomes. The membranons 
organelles are the mitoehondria, 
nucleus, endoplasmie reticulum, 
Golgi apparatus, lysosomes, 

and peroxisomes. 18. Prophase: 
ehromosomes eoil forming visible 
ehromosomes, eaeh eopy ealled a 
ehromatid. Metaphase: ehromatids 
move to the metaphase plate. 
Anaphase: eentromere of eaeh 


ehromatid pair splits and the 
ehromatids separate. Telophase: 
eaeh new eell prepares to return 
to interphase, nnelear membranes 
re-form, nuclei enlarge, and 
ehromosomes uncoil; 19. If a 
eell had mierovilli on its plasma 
membrane it is likely to be aetively 
engaged in absorbing materials 
from the extracellular fluid. 

20. The eell would swell up like a 
balloon and may eventnally burst, 
releasing its eontents. This event 
is ealled hemolysis. 21 . e, b, a, g, f, 
e, d; 22. Phagoeytosis begins when 
eytoplasmie extensions ealled 
psendopodia surround targeted 
material. The psendopodia fuse 
to form a phagosome eontaining 
the targeted material. This 
vesiele fuses with lysosomes. 
Lysosomal enzymes digest the 
targeted material. Nntrients are 
released from the vesiele, and 
the residne is ejeeted from the 
eell throngh exocytosis. 23. All 
somatie eells eontain 
46 ehromosomes. Sinee mitosis 
prodnees two identieal nuclei, the 
resulting eells will eaeh have 
46 ehromosomes. Meiosis prodnees 
sex eells (sperm or ooeytes) 
eontaining 23 ehromosomes, 
which ean unite to form a new 
somatie eell of 46 ehromosomes. 
24. Lipid moleenles such as 
steroid hormones are lipid solnble 
and therefore easily diffnse aeross 
the lipid bilayer of the plasma 
membrane. 25. Malignant 
tumors divide rapidly and release 
ehemieals that stimnlate the 
growth of blood vessels in a 
proeess ealled angiogenesis. The 
availability of additional nntrients 
from these new vessels aeeelerates 
tumor growth and metastasis. 


ehapter Integratìon 


1. They would want to read in the 
lab report that the tumor is benign. 
This would mean the tumor is 
loealized and likely to be easily 
removed snrgieally. They would not 
want to read the word malignant 
beeanse these types of eells divide 
rapidly and are more likely to 
threaten life. 2. The tumor is likely 
caused by a mutation in a single 
eell. This mntated eell eontinned 


to nndergo mitosis prodneing 
more abnormal eells, resnlting 
in a tumor, or mass of abnormal 
eells. 3. If this tumor is malignant, 
it is likely to nndergo metastasis 
and spread to other organs. 4. If 
they could, Vito and his doetor 
would like to switch on apoptosis, 
or programmed eell snieide, in 
the tumor eells. 5. Mitoehondria 
eontain RNA, DNA, and the 
neeessary enzymes to synthesize 
proteins. Mitoehondrial DNA 
is different from nnelear DNA 
and allows eaeh mitoehondrion 
to eontrol its own maintenanee, 
growth, and reprodnetion. Serions 
exercisers have high rates of energy 
eonsnmption, and over time their 
mitoehondria respond to this high 
demand for energy by dividing and 
inereasing in number. 6. Sweating 
during exercise resnlts in losses 
of water from the extracellular 
fluid. As the extracellular fluid 
osmolarity inereases, osmosis 
moves water out of the eells, 
which begin to dehydrate. Energy 
drinks eontain a solntion of water, 
eleetrolytes (espeeially sodium 
ehloride, which is lost in sweat), 
and glneose. As the sodium ions 
and glneose are absorbed by the 
digestive traet, water follows 
by osmosis. As the water influx 
restores normal ECF volume and 
osmolarity, water moves baek into 
the eells, rehydrating them. 


CHAPTER4 

Module Revievvs 


Modale 4.1 Revìew 

a. Histology is the study of tissues. 

b. The four basie tissue types are 
epithelial tissue, eonneetive tissue, 
muscle tissue, and neural tissue. 
e. Epithelial tissue eovers exposed 
surfaces, lines passageways, and 
forms seeretory glands. Gonneetive 
tissue fills spaees, provides support, 
and stores energy. Muscle tissue 
eontraets to prodnee movement. 
Neural tissue conducts impulses 
and earries information. 

Modole 4.2 Revìew 

a. Early mieroseopes used only 
light, and could only magnify 10 or 


20 times. Today light mieroseopes 
ean magnify up to 1000 times, 
while modern mieroseopes using 
beams of eleetrons instead of light 
ean magnify over 1 million times. 
b. A light mieroseope (LM) passes 
visible light throngh a thin seetion 
of tissue. A transmission eleetron 
mieroseope (TEM) uses magnets 
to direet a beam of eleetrons 
throngh a finely seetioned objeet. 
A seanning eleetron mieroseope 
(SEM) ereates a three-dimensional 
image by first eoating a snrfaee 
with eleetron-dense material, 
then bombarding it with eleetron 
beams. e. The mieroseope in your 
lab is most likely a compound light 
mieroseope. (Answers may vary.) 

Module 4.3 Revìew 

a. Epithelial tissue provides physieal 
proteetion, eontrols permeability, 
provides sensation, and prodnees 
speeialized seeretions. b. The 
presenee of many eilia on the free 
snrfaee of epithelial eells aids the 
movement of snbstanees over the 
epithelial snrfaee. e. The three 
eharaeteristie shapes of epithelial 
eells are squamous (flat), cuboidal 
(cube-shaped), and eolnmnar 
(appearing tall and reetangnlar). 

A single layer of epithelial eells 
is a simple epithelinm, whereas 
mnltiple layers of epithelial eells 
eonstitnte a stratified epithelinm. 

Module 4.4 Revìew 

a. Epithelial intereellnlar 
eonneetions are oeelnding 
jnnetions, adhesion belts, gap 
jnnetions, desmosomes, and 
hemidesmosomes. b. Gap jnnetions 
help eoordinate the fnnetioning 
of adjaeent eells by allowing small 
moleenles and ions to pass from 
eell to eell. In epithelial eells, gap 
jnnetions help eoordinate fnnetions 
such as eilia movement. In eardiae 
and smooth muscle tissues, they are 
essential in aehieving eoordinated 
muscle eell eontraetions. e. Epithelia 
rely on blood vessels in nnderlying 
tissnes to supply needed nntrients. 

Module 4.5 Revíew 

a. No. A simple squamous 
epithelium provides too little 
proteetion against infeetion, 
abrasion, or dehydration to 
fnnetion effeetively on the skin 
snrfaee. b. Beeanse all these 
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sites are subject to meehanieal 
stresses and abrasion: by food 
(pharynx and esophagus), 
by feees (anus), or during 
intereonrse or ehildbirth 
(vagina). e. Keratinized epithelia 
are both tough (have meehanieal 
strength) and water resistant. 

Modale 4.6 Revìew 

a. In a seetional view, simple 
enboidal epithelial eells are square 
and have eentral nuclei, and the 
distanee between adjaeent nuclei is 
roughly equal to the height of the 
epithelium. b. Stratified cuboidal 
epithelia are assoeiated with the 
ducts of sweat glands, mammary 
glands, and other exocrine glands. 
e. The epithelinm that lines the 
nrinary bladder and ehanges in 
appearanee during stretehing is 
a transitional epithelinm. 

Module 4.7 Revìew 

a. In a seetional view, simple 
eolnmnar epithelial eells appear as 
tall, slender reetangles eontaining 
elongated nuclei elose to the basal 
lamina. Cell height is several times 
the distanee between adjaeent 
nuclei. b. A pseudostratified 
columnar epithelinm is not truly 
stratified—even though its nuclei 
make it appear so—because all of 
its epithelial eells eontaet the basal 
lamina. e. The eolnmnar epithelinm 
lining the intestine typieally has 
mierovilli on its apieal snrfaee. 

Module 4.8 Revìew 

a. The two primary types of 
glands are endoerine glands 
and exocrine glands. b. A gland 
that laeks ducts and releases 
its seeretions direetly into the 
interstitial fluid is an endoerine 
gland. e. The mode of seeretion 
in which seeretory eells fill with 
seeretions and then rupture is 
holoerine seeretion. 

Module 4.9 Revìew 

a. The three basie eomponents of 
eonneetive tissue are speeialized 
eells, extracellular protein fibers, 
and a fluid known as ground 
snbstanee. b. Gonneetive tissue 
provides a structural framework 
for the body, transports fluids 
and dissolved materials, 
proteets organs, snpports and 
intereonneets other tissue types. 


stores energy, and defends against 
invading mieroorganisms. 
e. Gonneetive tissue proper 
eonsists of eonneetive tissnes 
with many types of eells and 
extracellular fibers in a viseons 
ground snbstanee. Fluid 
eonneetive tissnes have distinet 
eells in a watery matrix eontaining 
dissolved proteins. Snpporting 
eonneetive tissnes have less 
diverse eells and matrix with more 
densely paeked fibers. 

Module 4.10 Revíew 

a. Gells found in eonneetive tissue 
proper are melanoeytes, fixed 
maerophages, mast eells, fibroblasts, 
adipoeytes (fat eells), plasma eells, 
free maerophages, mesenehymal 
eells, nentrophils, eosinophils, and 
lymphoeytes. b. Fibroblasts seerete 
the proteins that form eollagen, 
elastie fibers, and retienlar fibers 
in the matrix, and fibroblasts also 
maintain these eonneetive tissue 
fibers. e. The eonneetive tissue that 
eontains primarily lipids is adipose 
(fat) tissue. 

Module 4.11 Revìew 

a. A vitamin C defieieney would 
impair the production of eollagen 
fibers, which add strength to 
eonneetive tissue. The defieieney 
would result in tissue that is weak 
and prone to damage. b. The two 
types of eonneetive tissue that 
eontain a liquid matrix (that is, 
are fluid eonneetive tissnes) are 
blood and lymph. e. Continuous 
recirculation of extracellular 
fluid (plasma, interstitial fluid, 
and lymph) helps eliminate 
loeal differenees in the levels 
of nntrients, wastes, or toxins; 
maintains blood volume; and 
alerts the immune system to 
infeetions agents or infeetions. 

Module 4.12 Revìew 

a. Mature eartilage eells are 
ealled ehondroeytes. b. The 
fibers eharaeteristie of eartilage 
snpporting the ear are elastie 
fibers. e. The type of eartilage 
in intervertebral dises is 
fibroeartilage. 

Module 4.13 Revìew 

a. Whereas bone eontains 
only eollagen fibers, eartilage 
may eontain eollagen, elastie. 


and retienlar fibers. b. Mature 
bone eells in laennae are ealled 
osteoeytes. e. The fnnetional unit 
of eompaet bone is an osteon. 

Module 4.14 Revìew 

a. The four types of membranes 
found in the body are mucous 
membranes, serous membranes, 
the cutaneous membrane, and 
synovial membranes. b. The 
body eavities lined by serous 
membranes are the plenral, 
peritoneal, and perieardial eavities. 
e. This tissue is probably faseia, 
a eonneetive tissue layer that 
supports and surrounds organs. 

Module 4.15 Revìew 

a. The relative body weight of 
eaeh of the four tissue types 
is muscle tissue 50 pereent, 
eonneetive tissue 45 pereent, 
epithelial tissue 3 pereent, and 
neural tissue 2 pereent. b. The 
three elassifieations of muscle 
tissue are skeletal muscle tissue, 
eardiae muscle tissue, and smooth 
muscle tissue. e. Skeletal muscle 
tissue functions to pull on bones 
for movement; eardiae muscle 
tissue moves blood through blood 
vessels; and smooth muscle tissue 
moves substances throngh the 
digestive traet and regnlates the 
diameter of blood vessels, among 
other fnnetions. 

Module 4.16 Revìew 

a. Skeletal muscle tissue features 
long and eylindrieal eells with 
striations and mnltiple nuclei. 
Cardiac muscle tissue features 
branehed eells with striations, 
interealated dises, and a single 
nucleus. Smooth muscle tissue 
features spindle-shaped eells, with 
no striations, and a single nucleus. 

b. Smooth muscle tissue regulates 
blood vessel diameter. e. Neurons 
transfer and proeess information. 
Nenroglia proteet, snpport, and 
repair neural tissue. 

Module 4.17 Revíew 

a. The two proeesses in the 
response to tissue injury are 
inflammation and regeneration. 

b. Inflammation prodnees 
swelling, redness, warmth, and 
pain. e. Inflammation ean occur in 
any organ in the body beeanse all 
organs have eonneetive tissnes. 


Seetìon Revìews 


Seetìon 1 Revìew 

1 . simple squamous epithelium; 

2 . simple cuboidal epithelium; 

3. simple columnar epithelinm; 

4. stratified squamous epithelium; 

5. stratified cuboidal epithelium; 

6 . stratified columnar epithelinm; 

7. mucous eells; 8. mucin; 

9. mucus; 10. ducts; 11 . epithelial 
surfaces; 12. exocrine glands; 

13. meroerine seeretion; 

14. apoerine seeretion; 15. holoerine 
seeretion; 16. interstitial fluid; 

17. endoerine glands; 

18. avasenlar; 19. alveolar (aeinar) 
gland; 20 . transitional epithelinm; 
21 . oeelnding jnnetion; 22. basal 
lamina; 23. simple gland; 

24. mesothelinm (simple squamous 
epithelium); 25. pseudostratified 
columnar epithelinm; 26. nrinary 
bladder, nreters, urine-collecting 
ehambers in the kidney; 

27. stratified squamous epithelium; 

28. simple columnar epithelinm; 

29. lining of the peritonenm and 
perieardinm, exchange snrfaees 
(alveoli) within the lungs; 

30. lining of exocrine glands and 
ducts, kidney tubules; 31 . stratified 
cuboidal epithelium 

Seetìon 2 Revìew 

1 . loose eonneetive tissue; 

2. adipose; 3. regular; 

4. tendons; 5. ligaments; 6. fluid 
eonneetive tissue; 7. blood; 

8. hyaline; 9. ehondroeytes 
in laennae; 10. bone; 

11 . periehondrinm, periostenm, 
peritonenm, perieardinm; 

12. periostenm, osteoeytes, 
osteon; 13. ehondroeyte, 
periehondrinm; 14. interstitial 
growth; 15. laennae; 

16. ehondroeyte; 17. osseons 
tissue; 18. fibroeartilage; 

19. adipoeytes; 20 . synovial 
membrane; 21 . cutaneous 
membrane; 22 . periehondrinm 

Seetìon 3 Revìew 

I. eardiae; 2 . smooth; 

3. nonstriated; 4. multinucleate; 

5. eell body; 6. dendrites; 

7. nenroglia; 8. maintain physieal 
structure of neural tissue; 9. repair 
neural tissue framework after 
injury; 10. perform phagoeytosis; 

II. provide nutrients to nenrons; 
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12 . regulate the eomposition 
of interstitial fluid surrounding 
nenrons; 13. axon; 14. interealated 
dise; 15. nenroglia; 16. skeletal 
muscle tissue; 17. smooth muscle 
tissue; 18. regeneration; 

19. inflammation; 20 . inereased 
blood flow and blood vessel 
permeability enhanee the 
delivery of oxygen and nntrients 
and the migration of additional 
phagoeytes into the area, and 
the removal of toxins and waste 
prodnets from the area. 


ehapter Revìew Questìons 


I I . hyaline eartilage; 2. elastie 
eartilage; 3. fibroeartilage; 

4. eardiae muscle tissue; 5. smooth 
muscle tissue; 6 . skeletal muscle 
tissue; 7. bone or osseons tissue; 

8 . adipose tissue; 9. dense regnlar 
eonneetive tissue; 10 . reticular 
tissue; 11 . areolar tissue; 

12 .fluid eonneetive tissnes 
(blood and lymph); 13. e; 14. b; 
15.c;16. a;17. d; 18. b;19.b; 

20. a; 21. b; 22. d; 23. The skin 
and the lining of the mouth 
and throat are areas regnlarly 
exposed to severe meehanieal or 
ehemieal stresses. The snperfieial 
eells, therefore, are eontinnally 
worn away due to these stressors 
and must be replaeed by eells in 
deeper layers. Stratified squamous 
epithelium eontains a series of 
layers that allow for deeper eells 
to replaee the lost snperfieial eells. 
24. Endoerine glands seerete 
hormones onto the snrfaee of 
the gland or direetly into the 
surrounding fluid. Exocrine 
glands seerete direetly into ducts. 
25. Neural tissue eontains 
( 1 ) nenrons, which transmit 
eleetrieal impnlses, and 
( 2 ) nenroglia, which proteet, 
snpport, and repair neural tissue 
and maintain the nntrient supply 
to neurons. 26. Normally the 
extensive interloeking eonneetions 
between the epithelial skin 
eells proteet from infeetion by 
bloeking pathogen aeeess. After a 
severe skin burn or abrasion, this 
meehanism ean no longer provide 
proteetion and pathogens easily 
enter the deeper tissnes, resnlting 
in an infeetion. 27. Underneath 


a light mieroseope eardiae 
muscle tissue would demonstrate 
branehed eells, striations, a 
single nucleus, and interealated 
dises. 28. Skeletal muscle tissue 
is made up of densely paeked 
fibers rnnning parallel that 
demonstrate striations, but 
because muscle fibers are 
eomposed of eells, they also 
have many visible nuclei. Jason 
is probably looking at a tendon 
(dense regnlar eonneetive tissue). 
The small nuclei would be those 
of fibroblasts. 29. The skin in 
the injnred area will beeome 
red, warm, swollen, and painfnl. 
These ehanges occur as a result 
of inflammation, the body s first 
response to injury. Injury to 
the epithelium and nnderlying 
eonneetive tissue will trigger 
the release of ehemieals such as 
histamine and heparin from mast 
eells in the area. These ehemieals, 
in turn, initiate the ehanges 
identified above. 


ehapter Integratìon 


1. The reason for the diserepaney 
between her mieroseope and 
her text is that her mieroseope is 
foensed at 40x, the typieal lowest 
power on light mieroseopes found 
in the eommon anatomy and 
physiology lab, but the image in 
her text is foensed at 350x. That 
is a differenee of almost 10 times, 
so the images will be greatly 
different. That s like the differenee 
in the view from an airplane 
window at 1000 feet versus 10,000 
feet. 2. The best way to help Alexis 
is to advise her to continue to 
focus her slide with progressively 
greater magnifieation to get as 
elose as possible to the image in 
the book. Most mieroseopes ean 
magnify at 400x, which is a good 
power for her to use because 
that will allow for the two images 
to look very similar. The best 
mieroseope technique 
is to first focus an image at the 
lowest objeetive, and then focus 
at progressively greater power. 

In most eases, you will be able to 
focus an image that is very elose to 
the magnifieation identified 
in the text. 


GHAPTERS 

Module Revievvs 


Module 5.1 Revìew 

a. The two major eomponents 
of the cutaneous membrane are 
the epidermis and the dermis. 

The hypodermis is not part of 
the integnment. b. The varions 
aeeessory structures of the 
integument are hairs, nails, and 
exocrine glands (sebaeeons glands 
and sweat glands). Snpporting 
structures include blood vessels 
and nerve fibers. e. The major 
fnnetions of the integnmentary 
system are to proteet nnderlying 
tissnes and organs, excrete 
wastes by integnmentary glands, 
maintain body temperatnre, 
prodnee melanin and keratin, 
synthesize vitamin D 3 , store lipids, 
and deteet touch, pressure, pain, 
and temperatnre. 

Module 5.2 Revìew 

a. The layers of the epidermis 
from deep to snperfieial are the 
stratnm basale, stratnm spinosnm, 
stratnm granulosum, stratum 
lucidum, and stratnm eornenm. 

b. Dandrnff eonsists of eells from 
the stratnm eornenm. e. A splinter 
that penetrates to the third 
epidermal layer of the palm is 
lodged in the stratnm granulosum. 

Module 5.3 Revìew 

a. The two pigments in the 
epidermis are earotene (an 
orange-yellow pigment) and 
melanin (a brown, yellow-brown, 
or blaek pigment). b. Exposure to 
sunlight or snnlamps darkens skin 
beeanse the nltraviolet radiation 
they emit stimnlates melanoeytes 
in the epidermis and dermis to 
synthesize the pigment melanin. 
e. When skin gets warm, arriving 
oxygenated blood is diverted to 
the snperfieial dermis for the 
pnrpose of eliminating heat. 

The oxygenated blood imparts a 
reddish eoloration to the skin. 

Module 5.4 Revìew 

a. The dermis (a eonneetive tissue 
layer) lies between the epidermis 
and the hypodermis. b. The 
presenee of elastie fibers allows 


the dermis to nndergo repeated 
eyeles of stretehing and reeoil 
(retnrning to its original shape). 
e. The eapillaries and sensory 
nenrons that supply the epidermis 
are loeated in the papillary layer of 
the dermis. 

Module 5.5 Revìew 

a. A first-degree burn affeets 
only the snrfaee of the skin. This 
would include most sunburns. 

A seeond-degree burn damages 
the entire epidermis and perhaps 
some of the dermis. Althongh 
blistering occurs, aeeessory 
structures such as hair follieles 
and glands are generally not 
affeeted. Third-degree burns, 
also ealled full-thickness burns, 
destroy the epidermis and dermis, 
and extend into the hypodermis. 

b. Third-degree burns often 
require skin grafting beeanse the 
tissue damage is so great it eannot 
repair itself. e. In an antograft, 
the nndamaged skin of a patient 
is used as a graft source. An 
allograft uses skin from a donor, 
and a xenograft uses skin from an 
animal such as a pig. Autografts 
are best because they are not 
rejeeted by the patient s immune 
system. 

Module 5.6 Revìew 

a. Epidermal derivatives are 
aeeessory structures that originate 
from the epidermis during 
embryologieal development. They 
inelnde hair follieles, sebaeeons 
and sweat glands, and nails. 

b. Sweat glands and sebaeeons 
glands are exocrine glands in the 
integnment. e. The aeeessory 
structures proteet the integument 
(as in the ease of hair and nails), 
provide sensations, assist in 
thermoregnlation, and excrete 
wastes. 

Module 5.7 Revìew 

a. A typieal hair is a keratinons 
strand prodneed by basal eells 
within a hair folliele. b. When an 
arreetor pili muscle eontraets, it 
pulls the hair folliele ereet. The 
overall effeet is known as “goose 
bumps” or “ehieken skin.” 
e. Pnlling a hair is painfnl beeanse 
its root is attaehed deep within the 
hair folliele, the base of which is 
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surrounded by a root hair plexus 
eonsisting of sensory nerves. 
Cutting a hair is painless beeanse 
a hair shaft eontains no sensory 
nerves. 

Modale 5.8 Revìew 

a. Two types of exocrine glands 
found in the skin are sebaeeons 
(oil) glands and sweat glands. 

b. Sebaeeons seeretions (sebum) 
lubricate and proteet the keratin 
of the hair shaft, inbrieate and 
eondition the surrounding skin, 
and inhibit the growth of baeteria. 
e. Deodorants are used to mask 
the odor of apoerine sweat gland 
seeretions. 

Module 5.9 Revìew 

a. A fingernail is a keratinons 
structure that is produced by 
epithelial eells of the nail root 
and proteets the nnderlying 
fingertip. Structures of the nail 
inelnde a distal free edge, lateral 
nail fold, lunula, proximal nail 
fold, eponyehinm, nail root, nail 
body, and hyponyehinm. b. Nail 
prodnetion occurs at the nail 
root, an epidermal fold that is not 
visible from the snrfaee. e. The 
hyponyehinm is the thiekened 
stratnm eornenm nnderlying the 
free edge of a nail. 

Module 5.10 Revìew 

a. Gommon effeets of the aging 
proeess on the skin inelnde 
epidermal thinning due to 
deelining basal eell aetivity, fewer 
melanoeytes, redneed sebaeeons 
gland seeretion, deelining 
dendritie eell nnmbers, redneed 
vitamin D3 prodnetion, deelining 
glandnlar aetivity, redneed blood 
flow to the dermis, eessation 
of hair folliele fnnetioning, 
and slower skin repair. b. With 
advaneing age, melanoeyte 
aetivity deereases, leading to gray 
or white hair. e. As a person ages, 
the blood supply to the dermis 
deereases, and meroerine sweat 
glands beeome less aetive. Both 
ehanges make it more diffienlt for 
the elderly to eool themselves in 
hot weather. 

Module 5.11 Revìew 

a. Some hormones that are 
neeessary for maintaining healthy 
skin are growth hormone, sex 


hormones, growth faetors 
(inelnding epidermal growth 
faetor [EGF]), steroid hormones 
(glneoeortieoids), and thyroid 
hormones. b. In the presenee 
of UV radiation in snnlight, 
epidermal eells in the stratnm 
spinosnm and stratnm basale 
eonvert a eholesterol-related 
steroid into eholeealeiferol, also 
known as vitamin D 3 . e. The 
hormone eholeealeiferol (vitamin 
D 3 ) is needed to form strong 
bones and teeth. When the body 
snrfaee is eovered, UV radiation 
eannot reaeh the skin to stimnlate 
eholeealeiferol (vitamin D 3 ) 
prodnetion, so fragile bones ean 
develop. 

Module 5.12 Revìew 

a. The first step in tissue repair 
is inflammation. Inflammation 
prodnees swelling, redness, heat, 
and pain. b. Grannlation tissue is 
the eombination of fibrin elots, 
fibroblasts, and the extensive 
network of eapillaries in healing 
tissue. e. Skin ean regenerate 
effeetively even after nndergoing 
eonsiderable damage beeanse 
stem eells persist in both the 
epithelial and eonneetive tissue 
eomponents of skin. In response 
to injury, eells of the stratum 
basale replaee epithelial eells while 
mesenehymal eells replaee lost 
dermal eells. 


Seetìon Revìews 


Seetìon 1 Review 

1 . aeeessory structures; 

2 . epidermis; 3. granuIosum; 

4. papillary layer; 5. nerves; 

6 . retienlar layer; 7. eollagen; 

8 . hypodermis; 9. eonneetive; 

10 . fat; 11 . dermis: the 
eonneetive tissue layer beneath 
the epidermis; 12 . epidermis: the 
proteetive epithelinm eovering the 
snrfaee of the skin; 13. papillary 
layer: vasenlarized areolar tissue 
eontaining eapillaries, lymphatie 
vessels, and sensory nenrons that 
supply the skin snrfaee; 14. retienlar 
layer: interwoven meshwork of 
dense irregnlar eonneetive tissue 
eontaining eollagen fibers and 
elastie fibers; 15. hypodermis 
(subcutaneous layer or superficial 
faseia): layer of loose eonneetive 


tissue below the dermis; 

16. Malignant melanoma is often 
fatal beeanse melanoeytes are 
loeated elose to the dermal layer, 
so if they beeome malignant, they 
ean easily metastasize throngh 
the blood vessels and lymphatie 
vessels in nearby eonneetive 
tissnes; 17. The firefighter s 
eomment that his burns are 

not painfnl should eoneern the 
doetors beeanse it indieates that 
these are third-degree burns. This 
type of burn is full-thickness and 
ean destroy the sensory nenrons, 
which is why the firefighter could 
not deteet pain, despite being 
serionsly burned. 

Seetìon 2 Revìew 

I . free edge; 2 . lateral nail fold; 

3. nail body; 4. lunula; 5. proximal 
nail fold; 6 . eponyehinm; 

7. eponyehinm; 8 . proximal nail 
fold; 9. nail root; 10. lunula; 

II . nail body; 12 . hyponyehinm; 

13. phalanx; 14. dermis; 

15. epidermis; 16. hair shaft; 

17. sebaeeons gland; 18. arreetor 
pili muscle; 19. eonneetive tissue 
sheath of hair bulb; 20 . root hair 
plexus; 21. h; 22. e; 23. e; 24. g; 
25. i; 26. b; 27. d; 28. a; 29. j; 

30. f; 31. The ehemieals in hair 
dyes break the proteetive eovering 
of the cortex, allowing the dyes 

to stain the mednlla of the shaft. 
This is not permanent beeanse the 
cortex remains damaged, allowing 
shampoo and UV rays from the 
sun to enter the mednlla and affeet 
the eolor. Also, the viable portion 
of the hair remains nnaffeeted, so 
that when the shaft is replaeed, 
the eolor or any ehange in curl will 
be lost. 


ehapter Revìew Questìons 


1 . stratum corneum; 2 . stratum 
lucidum; 3. stratum granulosum; 

4. stratum spinosum; 5. stratum 
basale; 6 . false; 7. true; 8 . false; 

9. false; 10. true; 11 . true; 

12 . false; 13. true; 14. b; 15. b; 

16. b;17. d;18. a;19.b; 20. e; 

21 . a; 22 . epidermis, dermis; 

23. subcutaneous; 24. Apoerine; 

25. basal eell eareinoma; 

26. melanin; 27. Epidermal eell 
division occurs in the stratnm 
basale. 28. These smooth mnseles 


cause hairs to stand ereet when 
stimnlated. 29. Variations in 
hair eolor are due to differenees 
in the pigment prodneed by the 
melanoeytes in the hair papilla. 
With age, pigment prodnetion 
deereases, and hair eolor 
lightens. White hair is due to 
the eombination of no pigment 
and air bnbbles in the hair shaft 
mednlla. 30. A laek of vitamin D 3 
ean result in riekets in ehildren. 

In adults, it ean lead to deereased 
bone density, and a greater risk 
for bone fraetnres. 31. Gompared 
to the thin skin of the rest of the 
body, the thiek skin of the palms 
of the hands has a much thieker 
stratum corneum, and also 
eontains a stratnm lucidum. The 
heat from the eampfire, therefore, 
has less tissue to penetrate on 
the thin skin of your faee before 
reaehing the sensory nenrons. 

32. A cut parallel to the eleavage 
lines will usually remain elosed 
and heal with little searring. A 
cut at right angles to a eleavage 
line will be pulled open as severed 
elastie fibers reeoil and will result 
in greater searring. 33. Using the 
rule of nines, the right leg is 
19 pereent of snrfaee area, the 
right arm is 9 pereent of snrfaee 
area, and the baek of the trunk is 
18 pereent of body area. Snmming 
these nnmbers estimates that this 
patient has burned 46 pereent of 
her body. 


ehapter Integratìon 


1. The tattoo ink stays in plaee 
beeanse it is deposited into the 
dermis. The dermal layer is 
eomposed mostly of eonneetive 
tissnes with widely seattered 
eells. The dermal layer does not 
eontain eells that are shed, as 
they are in the epidermis. Also, 
the ink partieles are too large for 
them to be removed by the body s 
normal defense meehanisms. 

2. A tattoo ean fade over time for 
a variety of reasons inelnding the 
tendeney of the ink to disperse, 
and the effeet of snnlight on the 
ink. 3. Tattoos ean be painfnl 
beeanse the papillary layer of the 
dermis eontains many sensory 
nenrons. The tattoo needle 
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would be damaging to these 
neurons, causing pain. 4. The 
reticular and papillary layers of 
the dermis eontain networks of 
blood vessels and lymphaties. If 
the tattoo artist is not hygienie 
in his praetiee, the risk for 
infeetion is snbstantial. 5. Many 
years ago tattoos were removed 
by a variety of methods that 
breaehed the epidermis to reaeh 
the ink. These methods inelnded 

I abrasion, freezing (eryosnrgery), 
or physieally removing the tattoo 
by entting it out. These methods 
often resnlted in signifieant 
searring. Today, tattoo removal 
involves the use of lasers that 
heat up the ink, eansing it to 
break into smaller partieles. 
Maerophages then successfully 
remove these smaller partieles. 


CHAPTER6 

Module Revievvs 


Modale 6.1 Revìew 

a. The axial skeleton is eomposed 
of the bones of the skull, thorax, 
and vertebral column. It eontains 
a total of 80 bones. b. The 
appendienlar skeleton inelndes 
the bones of the limbs, and the 
peetoral and pelvie girdles. It 
eontains a total of 126 bones. 
e. The skeletal system fnnetions to 
snpport the body, store minerals 
and lipids, prodnee blood eells, 
proteet delieate organs and 
tissnes, and fnnetion as levers 
for movement. 

Modale 6.2 Revìew 

a. The six broad eategories for 
elassifying bones aeeording to 
shape are flat bones, irregnlar 
bones, long bones, sesamoid 
bones, short bones, and sutural 
(Wormian) bones. b. A snrfaee 
marking is a eharaeteristie of a 
bone s snrfaee that has a eertain 
fnnetion, such as forming a 
joint, serving as a site of muscle 
attaehment, or allowing the 
passage of nerves and blood 
vessels. e. A tnberele is a small, 
ronnded projeetion on a bone, 
whereas a tnberosity is a small. 


rough projeetion that may occupy 
a broad area on the bone s snrfaee. 

Module 6.3 Revíew 

a. The major parts of a long 
bone are the epiphysis, diaphysis, 
metaphysis, and mednllary eavity. 

b. The mednllary eavity—the spaee 
within a bone—eontains the red 
bone marrow, the site of blood eell 
prodnetion, and the yellow bone 
marrow, which is adipose tissue 
that is an important site for energy 
reserves. e. Artienlar eartilage is 
nonrished by diffnsion from the 
synovial fluid within the joint. 

Module 6.4 Revìew 

a. Osteoeytes are eells responsible 
for the maintenanee and tnrnover 
of the mineral eontent of bone; 
osteoblasts are eells that prodnee 
the fibers and matrix of bone; 
osteogenie eells are stem eells that 
differentiate into osteoblasts; and 
osteoelasts are eells that dissolve 
the fibers and matrix of bone. b. If 
the aetivity of osteoelasts (which 
demineralize bone) exceeded 
osteoblast aetivity (prodnetion 
of new bone), then the bone s 
mineral eontent (and thus its 
mass) wouId deeline, making it 
weaker. e. If the ratio of eollagen 
to hydroxyapatite in a bone 
inereased, the bone s eompressive 
strength wouId deerease, and it 
would also beeome more flexible. 

Module 6.5 Revìew 

a. An osteon is the basie 
fnnetional unit of mature eompaet 
bone; it eonsists of osteoeytes 
organized around a eentral eanal 
and separated by eoneentrie 
lamellae. b. Gompaet bone, which 
lies over spongy bone and makes 
up most of a bone s diaphysis, 
eonsists of eompaetly arranged 
osteons (Haversian systems); it 
proteets, snpports, and resists 
stress. Spongy bone makes up 
most of the mass of short, flat, and 
irregnlar bones and is also found 
at the epiphyses of long bones; 
it stores marrow and provides 
some snpport. e. The sample is 
from an epiphysis. The presenee 
of lamellae that are not arranged 
in osteons is indieative of spongy 
bone, which occurs in epiphyses. 


Module 6.6 Revìew 

a. Appositional growth is bone 
enlargement by the addition of 
bone matrix at its snrfaee. b. As 
a bone inereases in diameter, the 
mednllary eavity also inereases 
in diameter. e. The periostenm is 
the layer that surrounds a bone. It 
eonsists of an outer fibrous region 
and an inner eellnlar region. The 
endostenm is an ineomplete 
eellnlar lining on the inner 
(mednllary) snrfaees of bones. 

Module 6.7 Revìew 

a. Endoehondral ossifieation 
is the replaeement of a 
eartilaginons model with bone. 

b. In endoehondral ossifieation, 
the source of osteoblasts is the 
differentiation of eells in the 
inner layer of the periehondrinm. 
e. X-rays of long bones, such as 
the femur, ean reveal the presenee 
or absenee of the epiphyseal 
eartilage, which separates the 
epiphysis from the diaphysis 

so long as the bone is still 
lengthening. If the epiphyseal 
eartilage is still present, growth is 
still oeenrring; if it is not, the bone 
has reaehed its full length. 

Module 6.8 Revìew 

a. Intramembranons ossifieation 
is bone formation within 
eonneetive tissue without 
the prior development of a 
eartilaginons model. b. During 
intramembranons ossifieation, 
mesenehymal eells or fibrons 
eonneetive tissue is replaeed 
by bone. e. The prineipal 
differenee between the two 
types of ossifieation is that in 
intramembranons ossifieation, 
bone develops from mesenehymal 
eells or fibrons eonneetive 
tissue, whereas in endoehondral 
ossifieation, bone develops from 
a eartilage model. 

Module 6.9 Revìew 

a. Pitnitary dwarfism is less 
eommon today in the United 
States beeanse ehildren ean be 
treated with synthetie growth 
hormone, which provides 
adequate or near adequate 
amounts for normal growth 
and development. b. Marfans 


syndrome is a hereditary 
disorder of eonneetive tissue 
that results in abnormally long 
and thin limbs and digits. The 
eondition usually causes life- 
threatening eardiovasenlar 
problems. e. Gigantism 
resnlts from overprodnetion 
of growth hormone before 
pnberty, eansing extreme height, 
whereas aeromegaly resnlts 
from overprodnetion of growth 
hormone after pnberty, eansing 
abnormally thiek bones. 

Module 6.10 Revìew 

a. Bone is 33 pereent organie 
eomponnds and 67 pereent 
inorganie eomponnds, a ratio of 1:2. 

b. The three organ systems 
that eoordinate blood ealeinm 
levels are the skeletal system, 
the digestive system, and the 
nrinary system. e. If blood 
ealeinm were serionsly redneed, a 
patient s neuron and muscle eell 
functions would be disrupted. 
Skeletal muscles might not 
fnnetion properly, so the patient s 
movement would be altered. 
Gardiae muscle could also be 
affeeted, so heart rate is likely 

to be irregular. 

Module 6.11 Revíew 

a. The hormones involved in 
stimnlating and inhibiting the 
release of ealeinm ions from bone 
matrix are parathyroid hormone 
(PTH), which inereases blood 
ealeinm levels by indireetly 
eansing osteoelasts to release 
stored ealeinm from bone; 
ealeitonin, which deereases 
blood ealeinm levels by inhibiting 
osteoelasts and eansing 
osteoblasts to eontinne depositing 
ealeinm in bone; and ealeitriol, 
which inereases intestinal 
ealeinm absorption, stimnlates 
ealeinm resorption from bone, 
aids the effeet of PTH on bone 
resorption, and inereases kidney 
reabsorption of ealeinm so fewer 
ealeinm ions are lost in urine. 

b. inereased PTH seeretion would 
inerease blood ealeinm levels by 
stimnlating osteoblasts to seerete 
a faetor leading to the matnration 
of osteoelasts, which are then 
eapable of eroding bone and 
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releasing stored ealeinm ions. 
e. Calcitonin lowers blood ealeinm 
levels by inhibiting osteoelast 
aetivity and inereasing the rate of 
ealeinm excretion at the kidneys. 

Modale 6.12 Revìew 

a. Immediately after a fraetnre, 
extensive bleeding oeenrs at the 
injnry site. After several honrs, a 
large blood elot ealled a fraetnre 
hematoma develops. Next, an 
internal eallns forms as a network 
of spongy bone nnites the inner 
edges, and an external eallns of 
eartilage and bone stabilizes the 
onter edges. The eartilaginons 
external eallns is eventnally 
replaeed by bone, and the strnts 
of spongy bone then nnite the 
broken ends. With time, the 
swelling that initially marked the 
loeation of the fraetnre snbsides 
and the fraetnre site is remodeled, 
leaving little evidenee that a break 
oeenrred. b. An external eallns 
forms early in the healing proeess, 
when eells from the endostenm 
and periostenm migrate to the 
area of the fraetnre. These eells 
form an enlarged eollar (external 
eallns) that eneireles the bone in 
the area of the fraetnre. e. An open 
fraetnre (also ealled a eomponnd 
fraetnre) is a break in the bone 
in which bone pierees the skin; 
a elosed fraetnre (also ealled a 
simple fraetnre) is a break in the 
bone in which no bone breaks the 
skin. 


Seetìon Revìews 


Seetíon 1 Revìew 

1 . intramembranons ossifieation; 

2. eollagen; 3. osteoeytes; 

4. laennae; 5. hyaline eartilage; 

6. periostenm; 7. eompaet bone; 

8. irregnlar bones; 9. epiphyses; 

10 . fossa; 11. mednllary eavity; 

12 . trabeenlae; 13. osteoelasts; 

14. sesamoid bones; 15. ossifieation 
or osteogenesis; 16. osteon; 

17. appositional growth; 

18. endoehondral ossifieation; 

19. The fraetnre might have 
damaged the epiphyseal eartilage 
in Rebeeea s right leg. Even thongh 
the bone healed properly, the 
damaged leg did not prodnee 

as much eartilage as did the 


undamaged leg. The result would 
be a shorter bone on the side of 
the inj ur y. 

Seetìon 2 Revìew 

I . ealeitonin; 2 . -l Ca^+ 
eoneentration in blood; 3. nI Ca^^ 
level; 4. parathyroid glands; 

5. T Ca^+ eoneentration in blood; 

6 . release of stored Ca^^ from 
bone; 7. homeostasis; 8. spiral 
fraetnre; 9. transverse fraetnre; 

10 . greenstiek fraetnre; 

II . eomminnted fraetnre; 

12 . eompression fraetnre; 

13. Colles fraetnre 


ehapter Revìew Questìons 


1 . epiphysis; 2 . metaphysis; 

3. diaphysis; 4. epiphysis; 

5. spongy bone or eaneellons bone 
or trabeenlar bone; 6 . eompaet 
bone; 7. mednllary eavity; 8. true; 

9. false; 10. tme; 11 . true; 

12 . false; 13. true; 14. false; 

15.true; 16. b; 17. e; 18. a; 19. b; 

20. d; 21. e; 22. a; 23. b; 24. e; 

25. 80,126; 26. Sesamoid; 

27. sinus; 28. osteon or Haversian 
system; 29. Osteoelasts; 

30. (1) snpport, (2) storage of 
minerals and lipids, (3) blood eell 
prodnetion, (4) proteetion, (5) 
leverage; 31. The twisting forees 
of a pironette are likely to cause a 
spiral fracture. 32. Pituitary growth 
failure causes reduced epiphyseal 
eartilage aetivity and therefore 
abnormally short bones. This is rare 
beeanse ehildren ean be treated 
with synthetie growth hormone. 
Aehondroplasia is caused by 
reduced epiphyseal aetivity resulting 
in short, stoeky limbs. The trunk, 
however, is of normal size. 33. In 
intramembranons ossifieation, 
bone replaees mesenehymal eells 
or fibrons eonneetive tissue. In 
endoehondral ossifieation, bone 
replaees a eartilage model. 34. An 
epiphyseal fraetnre is of partienlar 
eoneern beeanse the eartilage ean 
stop growing as it heals. This could 
result in the fraetnred limb being 
shorter than the opposite limb. 

35. Sinee the osteons of eompaet 
bone run parallel to the long axis 
of the shaft, impaets perpendienlar 
to the length of the bone are more 
likely to cause a fracture than 


stresses parallel to the length 
of the bone. 36. Gigantism is 
overprodnetion of growth hormone 
(GH) before pnberty. People 
with gigantism ean be very tall, 
exceeding 2.7 m (8 ft 11 in.). 

In aeromegaly, GH rises after 
pnberty, so the person does not 
grow taller, but the bones beeome 
thieker. Faeial eontonrs ehange in a 
eharaeteristie manner. 


ehapter Integratìon 


1. The worker foreefnlly fell on 
his bnttoeks in a seated position, 
which would have resulted in 
vertieal forees on his vertebrae 
eansing a eompression fraetnre. 

As eonfirmed by his coworkers, 
no bones were protrnding throngh 
the skin; therefore, he has elosed 
fraetnres. 2. When the doetor 
shaves the snrfaee of the worker s 
hipbone, she will be eolleeting 
the osteoblasts loeated in the 
eellnlar layer of the periostenm. 

As these eells are deposited, 
they will eontinne ossifieation 
(osteogenesis) and will prodnee 
new bone. The grafted material 
that fills the spaee between the 
damaged and healthy vertebrae 
will eontinne the ossifieation 
proeess until it forms into a 
single fused bone. 3. The region 
from which the graft is removed 
will nndergo a healing proeess 
similar to that which occurs in a 
fraetnre. A hematoma will form, 
eells will form a callus, new bone 
will be deposited, and the graft 
region will be remodeled with 
osteoblasts and osteoelasts until 
it is eompletely healed. 


CHAPTER7 

Module Reviews 


Modale 7.1 Revìew 

a. The skull is made up of 22 bones 
(eight eranial bones, and 14 faeial 
bones). There are seven assoeiated 
bones (six anditory ossieles and 
one hyoid bone). Therefore, 
there are 29 bones in the skull. 

b. The axial skeleton provides 
a framework that snpports and 


proteets the brain, the spinal 
eord, and the organs in the body 
eavities of the trunk. It also 
provides snrfaee area for the 
attaehment of mnseles. e. The 
mnseles that attaeh to the axial 
skeleton fnnetion to position the 
head, neek, and trunk, perform 
respiratory movements, and 
stabilize or position the limbs. 

Module 7.2 Revìew 

a. The bones of the eraninm ^ 

are the oeeipital bone, frontal m 

bone, sphenoid, ethmoid, and I 

the paired parietal and temporal I 
bones. b. The faeial bones proteet I 
and snpport the entranees to I 

the digestive and respiratory I 

traets. These bones also provide ■ 
attaehment points for the mnseles I 
of faeial expression. e. A suture is ■ 
a fibrous eonneetive tissue joint ■ 
between the flat bones of the skull. ^ 

Module 7.3 Revìew 

a. The faeial bones are the paired 
maxillae, palatine, nasal, inferior 
nasal eonehae, zygomatie, laerimal, 
and the nnpaired vomer and 
mandible. b. The right parietal 
bone is fraetnred. e. Vomer: faeial; 
ethmoid: eranial; sphenoid: eranial; 
temporal: eranial; inferior nasal 
eonehae: faeial. 

Module 7.4 Revìew 

a. Both the external aeonstie 
meatus and the internal aeonstie 
meatus are found in the temporal 
bone. b. The alveolar proeesses 
snpport the upper teeth in the 
maxillae and the lower teeth in the 
mandible. e. The internal aeonstie 
meatus earries blood vessels and 
nerves to the internal ear and 
serves as a passageway for the 
faeial nerve and vestibnloeoehlear 
nerves. 

Module 7.5 Revíew 

a. The temporal bone eontains 
the earotid eanal, throngh which 
passes the internal earotid 
artery snpplying the brain. 

b. The foramen ovale provides a 
passageway for nerves innervating 
the jaw. e. The foramen magnum 
is loeated in the oeeipital bone. 

This opening surrounds the 
eonneetion between the brain and 
spinal eord. 
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Module 7.6 Revìew 

a. The optie eanal is fonnd in the 
sphenoid. The optie nerve and 
ophthalmie artery pass throngh 
this opening. b. The sphenoid 
bone eontains the sella tnreiea. 

The hypophyseal fossa within the 
sella tnreiea eneloses the pitnitary 
gland. e. The ethmoid eontains 
the eribriform plate. In addition 
to forming the floor of the 
eraninm and the roof of the nasal 
eavity, olfaetory foramina in this 
strnetnre serve as passageways for 
olfaetory nerves. 

Modale 7.7 Revìew 

a. The bones of the orbital 
complex are the frontal, sphenoid, 
zygomatie, palatine, maxilla, 
laerimal, and ethmoid. b. Frontal: 
both; maxilla: both; palatine: both; 
nasal: nasal. e. The frontal sinnses 
are eavities within the frontal bone 
that nsnally appear after age 6. 

Module 7.8 Revìew 

a. The foramina of the mandible 
are the two mental foramina and 
the two mandibnlar foramina. 

b. Three anditory ossieles are 
loeated in eaeh middle ear eavity, 
fonnd within the petrons part of 
the temporal bone. The ossieles 
play a key role in hearing by 
eondneting vibrations prodneed 
by sonnd waves arriving at the 
tympanie membrane to the internal 
ear. e. Your lab partner is eorreet. 
The hyoid bone does not direetly 
attaeh to any other bone; instead, 
it supports the larynx and is the 
attaehment site for mnseles of the 
larynx, pharynx, and tongue. 

Module 7.9 Revìew 

a. The major fontanelles are the 
anterior fontanelle, oeeipital 
fontanelle, sphenoidal fontanelle, 
and mastoid fontanelle. b. Beeanse 
fontanelles are not ossified at birth, 
they permit flexibility of the skull 
during ehildbirth, and allow for 
growth of the brain during infaney 
and early ehildhood. e. An infant s 
eranial bones are larger relative to 
the faeial bones to aeeommodate 
the size of the brain. The faeial 
bones develop after birth. 

Module 7.10 Revìew 

a. The seeondary curves of the 
spine allow us to balanee our 


body weight to permit an npright 
postnre with minimal muscular 
effort. Without the seeondary 
curves, we would not be able 
to stand npright for extended 
periods of time. b. The major 
eomponents of a typieal vertebra 
are the vertebral body, artienlar 
proeesses, and the vertebral areh. 
The vertebral areh is eomposed 
of a spinons proeess, laminae, 
transverse proeesses, and pedieles. 
e. The intervertebral dises attaeh 
to the body of the vertebra. 

Module 7.11 Revìew 

a. The dens is part of the axis, or 
seeond eervieal vertebra, which 
is loeated in the eervieal (neek) 
region of the vertebral column. 

b. The presenee of transverse 
foramina indieates that this 
vertebra is a eervieal vertebra. 

e. When you run your finger down 
a persons spine, you ean feel the 
spinons proeesses of the vertebrae. 

Module 7.12 Revìew 

a. There are five vertebrae in 
the lumbar region and five fused 
vertebrae in the saernm. b. The 
lumbar vertebrae must support 
a great deal more weight than do 
vertebrae that are snperior in the 
spinal column. The large vertebral 
bodies allow the weight to be 
distribnted over a larger area. 
e. The saernm forms the posterior 
wall of the pelvie girdle. 

Module 7.13 Revìew 

a. Vertebrosternal ribs are 
attaehed direetly to the sternnm 
by their own individnal eostal 
eartilage. Vertebroehondral ribs 
do not attaeh direetly to the 
sternnm but by means of a shared 
eostal eartilage. b. Improper 
ehest eompressions during CPR 
ean—and eommonly do—result 
in fraetnres of the sternnm or 
ribs. e. In addition to the ribs and 
sternnm, the 12 thoraeie vertebrae 
make up the thoraeie eage. 

Module 7.14 Revìew 

a. There are 126 bones in the 
appendienlar skeleton. b. The 
peetoral girdles attaeh the upper 
limbs to the axial skeleton. The 
pelvie girdle attaehes the lower 
limbs to the axial skeleton. 
e. There are 16 earpal bones in the 


wrist and only 14 tarsal bones in 
the ankles. The metaearpal and 
metatarsal bones are the same in 
number (10 eaeh), and the fingers 
and toes are also the same in 
number (28 eaeh). 

Module 7.15 Revìew 

a. The bones of the peetoral 
girdles are two elavieles 
(eollarbones) and two seapnlae 
(shonlder blades). b. In attaehing 
the seapnla to the sternnm, the 
elaviele restriets the seapnla s 
range of movement. A broken 
elaviele thus gives the scapula 
a greater range of movement, 
but makes it less stable. e. The 
humerus articulates with the 
scapula at the glenoid eavity. 

Module 7.16 Revìew 

a. The bone of the arm is the 
humerus, and the bones of the 
forearm are the radius and ulna. 

b. The two ronnded projeetions 
on either side of the elbow are the 
lateral and medial epieondyles 

of the humerus. e. The radius 
is positioned laterally when the 
forearm is in the anatomieal 
position. 

Module 7.17 Revìew 

a. Phalanges are bones of the 
fingers (or toes). b. The earpal 
bones are the seaphoid, lunate, 
triquetrum, pisiform, trapezium, 
trapezoid, eapitate, and hamate. 
e. Bill has broken the tip of his 
thumb, also known as the pollex. 

Module 7.18 Revìew 

a. The three bones that fuse to make 
up a hip bone (coxal bone) are the 
ilium, ischium, and pubis. b. When 
you are seated, your body weight 
is borne by the isehial tnberosities. 
e. The acetabulum is the eoneave 
soeket (fossa) on the lateral aspeet 
of the pelvis that artienlates with the 
head of the femur. 

Module 7.19 Revìew 

a. The bones of the pelvis are 
the two hip (coxal) bones, the 
saernm, and the coccyx. b. The 
two pubic bones are joined 
anteriorly by the pubic symphysis. 
e. The female pelvis is adapted 
to support the weight of the 
developing fetus and to enable 
the newborn to pass throngh 
the pelvie outlet during delivery. 


Gompared with the male pelvis, 
the female pelvis is smoother and 
lighter, broader and shallower, 
and has less prominent markings, 
an enlarged pelvie outlet, a 
sacrum and coccyx with less 
curvature, a wider and more 
eirenlar pelvie inlet, ilia that 
projeet farther laterally, and an 
inferior angle between the pubic 
bones that is greater than 100° (as 
opposed to 90° or less for males). 

Module 7.20 Revìew 

a. The bones of the lower limb 
are the femur (thigh), patella 
(kneeeap), tibia and fibula (leg), 
tarsal bones, metatarsal bones, 
and phalanges. b. The head of 
the femur articulates with the 
acetabulum. e. The fibula both 
stabilizes the ankle joint and is an 
important point of attaehment for 
mnseles that move the foot and 
toes. When the fibula is fractured, 
those muscles eannot fnnetion 
properly, so walking beeomes 
diffienlt—and painfnl. 

Module 7.21 Revìew 

a. The tarsal bones are the talus, 
calcaneus, cuboid, navicular, 
medial cuneiform, intermediate 
enneiform, and lateral enneiform. 

b. The talus transmits the weight 
of the body from the tibia toward 
the toes. e. Joey most likely 
fraetnred the ealeanens (heel 
bone). 


Seetìon Revìews 


Seetìon 1 Revìew 

1 . frontal; 2 . sphenoid; 

3. zygomatie; 4. ethmoid; 

5. laerimal; 6. palatine; 7. maxilla; 

8 . sphenoidal fontanelle; 

9. squamous suture; 10. lambdoid 
suture; 11. mastoid fontanelle; 

12 . anterior fontanelle; 

13. sagittal suture; 14. oeeipital 
fontanelle; 15. Region: thoraeie; 

16. Gharaeteristies: found in 
ehest, heart-shaped body, smaller 
vertebral foramen, long slender 
spinons proeess that points 
inferiorly, all but two have faeets 
for rib articulations; 17. Region: 
eervieal; 18. Gharaeteristies: 
found in neek, small oval body, 
large vertebral foramen, bifid 
spinons proeess, transverse 


AN-14 








foramina; 19. Region: Inmbar; 

20 . Gharaeteristies: fonnd in 
inferior baek, massive vertebral 
body, smallest vertebral foramen, 
spinons proeess blnnt and projeets 
posteriorly, no artienlar faeets for 
ribs or transverse foramina. 

Seetìon 2 Revìew 

1. elaviele; 2. seapnla; 3. hnmerns; 
4. radins; 5. ulna; 6. earpal bones; 
7. metaearpal bones; 8. phalanges; 

9. hip bone (coxal bone); 

10 . femur; 11. patella; 12. tibia; 

13. fibula; 14. tarsal bones; 

15. metatarsal bones; 

16. phalanges; 17. Sex: female; 

18. Differenees: smoother, 
lighter, less prominent markings, 
enlarged pelvie outlet, pubic angle 
greater than 100°, less curvature 
of sacrum and coccyx, ilia projeet 
more laterally; 19. Sex: male; 

20. Differenees: rongher, heavier, 
more prominent markings, 
smaller pelvie outlet, pubic angle 
less than 100°, more curvature of 
sacrum and coccyx, ilia projeet 
more snperiorly. 


ehapter Revìew Questions 


1 . oeeipital bone; 2 . parietal bone; 
3. frontal bone; 4. temporal bone; 
5. sphenoid 6. ethmoid; 7. vomer; 
8 . mandible; 9. laerimal bone; 

10 . nasal bone; 11. zygomatie 
bone; 12. maxilla; 13. true; 
14.false;15.false;16. true; 

17. c;18. c;19. b; 20. d;21.b; 

22. b; 23. b; 24. a; 25. Fontanelles, 
which are fibrons eonneetions 
between eranial bones in the 
infant, permit the skull to distort 
without damage during delivery, 
helping to ease the infant throngh 
the birth eanal. 26. Movement 
of the ribs affeets the width 
and depth of the thoraeie eage, 
inereasing or deereasing its 
volume aeeordingly. This ehange 
in volume assists in breathing by 
inereasing and deereasing the 
pressnre inside the thoraeie eavity. 

27. The three bones that fuse to 
form the hip bone (or coxal bone) 
are the ilium, ischium, and pubis. 
They meet at the acetabulum. 

28. Primary curves develop 
before birth, and the seeondary 
curves develop after birth. The 


thoraeie curve and saeral curves 
are primary curves. The eervieal 
curve is a seeondary curve that 
forms as an infant begins to 
balanee the weight of the head. 
The lumbar curve is a seeondary 
curve that develops with the 
ability to stand. 29. Arehes assist 
with transferring the weight of the 
body to the feet and eventnally to 
the ground. The longitndinal areh 
runs from the ealeanens to the 
distal metatarsals. The transverse 
areh runs perpendienlar to the 
longitndinal areh and is the result 
of the ehange in the degree of 
longitndinal areh curvature from 
the medial border to the lateral 
border of the foot. 


ehapter Integratìon 


1. Donny is likely experiencing 
diffienlty breathing beeanse 
he has two fraetnred ribs. 
Breathing entails rib movements 
that ehange the volume of the 
thoraeie eavity; broken ribs cause 
difficulty breathing beeanse the 
pain hampers full expansion of 
the rib eage. 2. Donny probably 
disloeated his shonlder, a 
eommon injury due to the weak 
nature of the shoulder joint (that 
is, the artienlation between the 
head of the humerus and the 
glenoid eavity of the seapnla). 

3. Both the appendienlar and 
axial skeleton have been affeeted 
in Donny s injnries. The ribs are 
part of the axial skeleton, and 
the shonlder joint is part of the 
appendienlar skeleton. 4. The 
bones that do not properly form 
a suture in eleft palate are the 
horizontal plates of the palatine 
bones, and maxillae. These bones 
are paired bones, so there would 
be a total of four bones involved. 

5. If you were to look into the 
mouth of a baby with eleft palate, 
you would see a visible gap in the 
hard palate. If there is a gap or 
eleft between these bones, there is 
no single hard palate in the roof of 
the mouth. It is therefore possible 
to see into the nasal eavity 
beeanse it is immediately snperior 
to the oral eavity. 6 . Babies with 
eleft palate are likely to have 
problems with nnrsing and eating. 


Later on these babies could also 
have speeeh difficulties. The teeth 
could be misaligned, requiring 
orthodontia. If the lip is involved, 
the eondition is ealled eleft lip. 


CHAPTER8 

Module Reviews 


Module 8.1 Revìew 

a. The amount of movement 
at a j oint is known as r ange of 
motion (ROM). b. A synarthrosis 
is a joint with no movement. An 
amphiarthrosis is a joint with 
little movement. e. The greatest 
ROM occurs in a diarthrosis. This 
eategory of joint allows for free 
movement. 

Module 8.2 Revìew 

a. Gomponents of a synovial 
joint are a fibrons joint (artienlar) 
eapsnle, which surrounds the 
joint; artienlar eartilages, which 
resemble hyaline eartilages 

and eover the artienlating 
bone snrfaees; and a synovial 
membrane, which lines the 
artienlar eapsnle and seeretes 
synovial fluid that provides 
lubrication, distribntes nntrients, 
and absorbs shoeks. Aeeessory 
structures include bursae, which 
are poekets filled with synovial 
fluid, that reduce frietion and 
absorb shoeks; fat pads, which 
proteet the artienlar eartilages; 
menisei, which are fibroeartilage 
artienlar dises that allow for 
variation in the shapes of the 
artienlating snrfaees; ligaments, 
which are eords of fibrons tissue 
that support, strengthen, and 
reinforee the joint; and tendons, 
which pass aeross or around a 
joint, limit the range of motion, 
and provide meehanieal snpport. 

b. Artienlar eartilages laek a blood 
supply, and thus rely on synovial 
fluid to supply nutrients and 
remove wastes. If the eirenlation 
of synovial fluid were impaired, 
the eartilages would no longer 
reeeive nntrients, and wastes 
would accumulate. This could 
cause the eartilages to degenerate, 
and eells in the tissue may die. 

e. In a joint disloeation (luxation). 


the artienlating snrfaees of a joint 
are foreed out of position. 

Module 8.3 Review 

a. Based on the shapes of the 
artienlating snrfaees, synovial 
joints are elassified as gliding, 
hinge, pivot, eondylar, saddle, 
and ball-and-soeket joints. b. A 
ball-and-soeket joint permits the 
widest ROM. e. Shonlder: ball- 
and-soeket; elbow: hinge; ankle: 
gliding; thumb: saddle. 

Module 8.4 Revìew 

a. When doing jnmping jaeks, 
both the upper and lower limbs 
must perform abduction (when 
the limbs are spread apart) 
and addnetion (when they are 
bronght baek together again). 

b. Hinge joints perform flexion 
and extension. e. Dorsiflexion 
is upward movement of the foot 
throngh flexion at the ankle, 
whereas plantar flexion is ankle 
extension, as when pointing 
the toes. 

Module 8.5 Revìew 

a. Pronation and snpination of 
the hand are made possible by 
the rotation of the radius head. 

b. Protraetion, snpination, 
and pronation occur while 
wriggling into tight-fitting 
gloves. e. Snapping your fingers 
involves opposition of the 
thumb and flexion at the third 
metaearpophalangeal joint. 

Module 8.6 Revíew 

a. Joints eannot be both strong 
and highly mobile. As a result, the 
more movable a joint is, the weaker 
it is. b. Typieally, the joints of the 
appendienlar skeleton have a more 
extensive ROM than those of the 
axial skeleton. e. The upper limb 
is attaehed to the axial skeleton by 
the sternoelavienlar joint. 

Module 8.7 Revìew 

a. The primary vertebral 
ligaments are the ligamentnm 
flavum, posterior longitudinal 
ligament, interspinons ligament, 
supraspinous ligament, and 
anterior longitndinal ligament. 

b. The nucleus pulposus is the 
gelatinous eentral region of an 
intervertebral dise. The anulus 
fibrosus is the tough layer of 
fibroeartilage eneireling the 
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nucleus pulposus. c. A bulging 
dise is a vertebral dise that is 
displaeed or partly protrnding as 
a result of a eompressed nucleus 
pulposus distorting the anulus 
fibrosus. In a herniated dise, the 
nucleus pulposus breaks through 
the anulus fibrosus, causing it to 
protrnde into the vertebral eanal. 

Modale 8.8 Revìew 

a. Ligaments and mnseles 
provide most of the stability 
for the shonlder joint. b. The 
iliofemoral, pnbofemoral, and 
isehiofemoral ligaments are at 
the hip joint. e. The upward foree 
of the humeral head could cause 
partial or eomplete disloeation of 
the aeromioelavienlar joint. This 
is ealled a shonlder separation. 

The bones involved inelnde the 
elaviele, seapnla, and humerus; 
and the stabilizing ligaments 
involved are the eoraeoelavienlar, 
aeromioelavienlar, eoraeoaeromial, 
eoraeohnmeral, and glenohnmeral 
ligaments. 

Modale 8.9 Revìew 

a. Menisei are found in the knee 
joint. b. Damage to the menisei of 
the knee joint deereases the joint s 
lateral stability, so the person 
would have a difficult time loeking 
the knee in plaee while standing 
and would have to use muscle 
eontraetions to stabilize the joint. 
If the person had to stand for a 
long time, the mnseles would 
fatigue and the knee would “give 
out.” It is also likely that the person 
would feel pain. e. A severely 
hyperextended knee would 
damage the ACL. 

Module 8.10 Revìew 

a. Rheumatism is a general term 
deseribing any painfnl eondition 
of joints, mnseles, or both that 
is not caused by infeetion or 
injury. Osteoarthritis is a form 
of rheumatism eharaeterized 
by degeneration of the joint 
eartilage and the nnderlying 
bone. Osteoarthritis resnlts from 
cumulative wear and tear or 
genetie faetors affeeting eollagen 
formation. b. An arthroseope is an 
instrnment that uses thin, flexible 
optieal fibers and a tiny eamera 
to view the interior structures of 
a joint. This instrnment ean also 


be modified to perform snrgieal 
proeednres without the trauma 
of major surgery. e. A person ean 
slow the progression of arthritis 
by engaging in regnlar exercise, 
doing physieal therapy, and taking 
anti-inflammatory drugs. 


Seetìon Revíews 


Seetìon 1 Revìew 

1 . medullary eavity; 2 . spongy 
bone; 3. periostenm; 4. synovial 
membrane; 5. artienlar eartilage; 

6 . joint eavity (eontaining 
synovial fluid); 7. joint eapsnle; 

8 . eompaet bone; 9. flexion; 

1 0 . extension; 11. hyperextension; 

12 . flexion; 13. hyperextension; 
14. abdnetion; 15. addnetion; 

16. head rotation; 17. pronation; 

18. abdnetion; 19. addnetion; 

20. opposition; 21. e; 22. d; 23. f; 
24. g; 25. b; 26. e; 27. h; 28. a 

Seetìon 2 Revíew 

1 . eoraeoelavienlar ligaments; 

2 . aeromioelavienlar ligament; 

3. tendon of supraspinatus 
muscle; 4. aeromion; 5. artienlar 
eapsnle; 6 . snbdeltoid bursa; 

7. synovial membrane; 

8 . humerus; 9. elaviele; 

10 . eoraeoaeromial ligament; 

11 . eoraeoid proeess; 1 2 . seapnla; 

13. artienlar eartilages; 14. joint 
eavity; 15. glenoid labrnm; 

16. patellar snrfaee of femur; 

17. fibular eollateral ligament 
or lateral eollateral ligament; 

18. lateral eondyle; 19. lateral 
menisens; 20 . tibia; 21 . fibula; 

22 . posterior cruciate ligament 
(PCL); 23. medial eondyle; 

24. tibial eollateral ligament or 
medial eollateral ligament; 

25. medial menisens; 26. anterior 
erneiate ligament (ACL); 27. b; 
28. e; 29. h; 30. g; 31. e; 32. a; 

33. f; 34. d; 35. The sternoelavienlar 
joints are the only joints between 
the peetoral girdles and the 
axial skeleton. The saeroiliae 
joints are the joints between 

the pelvie girdle and the axial 
skeleton. 


ehapter Revìew Questìons 


1. true; 2. false; 3. false; 4. true; 
5. true; 6 . false; 7. d; 8 . e; 9. e; 

10. d;ll.d;12.c;13.b;14.b; 


15.b;16. b;17. d; 18. a; 19. b; 

20. e; 21. In a bnlging dise, 
the nucleus pulposus does not 
extrude. In a herniated dise, the 
nucleus pulposus breaks through 
the anulus fibrosus. 22. Articular 
eartilage laeks a perichondrium, 
and its matrix eontains more 
water than does the matrix of 
other eartilages. 23. (1) gliding 
joint: sternoelavienlar joint; ( 2 ) 
hinge joint: elbow joint; (3) pivot 
joint: proximal radionlnar joint; 
(4) eondylar joint: radioearpal 
joints; (5) saddle joint: first 
earpometaearpal joint; ( 6 ) balL 
and-soeket joint: shonlder joint; 

24. Menisei may snbdivide a 
synovial eavity, ehannel the 
flow of synovial fluid, or allow 
for variations in the shapes of 
artienlar snrfaees to assist with 
joint stability and enshioning. 

25. A loss of bone mass as a result 
of aging is ealled osteopenia. 
When the rednetion of bone 
mass is snffieient to eompromise 
normal fnnetion, the eondition is 
ealled osteoporosis. 


ehapter Integratìon 


1. The bones eomposing the knee 
joint are the femur, patella, and 
tibia. The fibula is not part of the 
joint. 2. Physieal therapy may 
improve ROM at the joint and 
inerease blood flow to the tissue. 

3. The knee joint is a diarthrotie 
synovial joint that fnnetions as 

a hinge; as such, it allows for 
flexion and extension at the knee. 

4. People who have nndergone 
a total knee arthroplasty may 
be restrieted from rnnning/ 
jogging, high-impaet aerobies, 
and jnmping—that is, any aetivity 
that plaees sudden, extreme loads 
on the artifieial joint. 5. In this 
seenario, a downward foree onto 
the arm would foree the head 

of the humerus inferiorly out of 
its articulation with the glenoid 
eavity. Therefore, Tommy snffered 
a disloeation of the shonlder 
joint (glenohnmeral joint). A 
shonlder separation involves the 
aeromioelavienlar joint, which is 
not involved in Tommy s injury. 

6 . The affeeted bones would be 
the humerus and seapnla. The 


affeeted ligaments would be the 
coracohumeral ligament and 
the glenohnmeral ligaments. 

The affeeted joint structures 
would be the articular capsule and 
the glenoid labrnm. The tendons 
of the mnseles surrounding the 
hnmeral head are also likely 
to be involved. 7. While a full 
reeovery is possible, it is more 
likely that he will have long-term 
joint instability if the ligaments 
are permanently stretehed or 
ruptured. If the glenoid labrnm 
is damaged, it will no longer help 
to hold the hnmeral head in the 
glenoid eavity. Physieal therapy 
to strengthen the shonlder joint 
mnseles is eritieal to his reeovery. 
Snrgery to tighten the ruptured 
ligaments may also be required. 


CHAPTER9 

Module Revievvs 


Module 9.1 Revìew 

a. The three types of muscle 
tissue are skeletal, eardiae, 
and smooth. Skeletal muscle is 
direetly or indireetly attaehed to 
bones and allows for movement 
of the body. Cardiac muscle 
forms the heart and propels 
blood. Smooth muscle is found 
throughout the body, and, 
among other fnnetions, moves 
snbstanees along the digestive 
traet and regnlates the diameter 
of small arteries. b. Skeletal 
muscle tissue is voluntary. 

Cardiac and smooth muscle 
tissue are involuntary. e. The 
fnnetions of skeletal muscle tissue 
include producing movement 
of the skeleton, maintaining 
body postnre and position, 
snpporting soft tissnes such as 
the abdominal wall and pelvie 
eavity floor, gnarding entranees 
and exits of the body, maintaining 
body temperatnre, and providing 
nntrient reserves. 

Module 9.2 Revìew 

a. A tendon is a eollagenons bundle 
that eonneets a skeletal muscle to a 
bone, whereas an aponenrosis is a 
broad eollagenons sheet that takes 
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the plaee of tendons and eonneets 
a skeletal mnsele to a wider area 
of bone or more than one bone. 
b. The epimysinm is a dense layer 
of eollagen fibers that snrronnds 
the entire mnsele; the perimysinm 
divides the skeletal mnsele into 
a series of eompartments, eaeh 
eontaining a bnndle of mnsele 
fibers ealled a faseiele; and the 
endomysinm snrronnds individnal 
skeletal mnsele eells (fibers). The 
eollagen fibers of the epimysinm, 
perimysinm, and endomysinm 
eome together to form either 
bnndles known as tendons or 
broad sheets ealled aponenroses. 
Tendons and aponenroses 
attaeh skeletal mnseles to bones. 
e. Beeanse tendons attaeh mnseles 
to bones, severing the tendon 
would diseonneet the muscle from 
the bone, so the muscle could not 
move a body part. 

Module 9.3 Revìew 

a. Sareomeres, the smallest 
eontraetile units of a striated 
muscle eell, are segments of 
myofibrils. Eaeh sareomere has 
dark A bands and light I bands. The 
A band eontains the M line, the H 
band, and the zone of overlap. Eaeh 
I band eontains thin filaments, 
but not thiek filaments. Z lines 
mark the bonndaries between 
adjaeent sareomeres. b. Transverse 
tubules are tubular extensions of 
the sareolemma that extend deep 
into the sareoplasm, eontaeting 
eisternae of the sareoplasmie 
reticulum. e. You would expect 
the greatest eoneentration of 
ealeinm ions in a resting skeletal 
muscle to be in the eisternae of the 
sareoplasmie reticulum. 

Modale 9.4 Revìew 

a. Thin filaments eonsist of aetin, 
troponin, and tropomyosin; thiek 
filaments are eomposed of myosin 
surrounding a eore of titin. 

b. The zone of overlap is 
important beeanse it is there 
that the free head of the myosin 
moleenle ean interaet with the 
thin filaments. e. The sliding 
filament theory deseribes the 
proeess of sareomere shortening 
caused by the sliding of thin and 
thiek filaments past one another. 


Module 9.5 Revìew 

a. In a resting (polarized) eell, 
the inside of its plasma membrane 
has a slight negative eharge with 
respeet to its ontside snrfaee. 

In undisturbed neurons and 
skeletal muscle fibers, typieal 
resting potentials are —70 mV and 
— 85 mV, respeetively. b. Open leak 
ehannels in the plasma membrane 
of eells allow ions to move down 
their eoneentration gradients. 
Sodium-potassium ion pumps 
maintain the eells resting potential 
by exporting three Na^ from the 
eell, in exchange for two K^. e. A 
eell is depolarized when a threshold 
potential is reaehed ( — 55 mV for 
skeletal muscle) and Na^ rush 
into the eell. The depolarization 
peaks at +30 mV. Na^ inflow then 
abrnptly stops and repolarization 
begins as rush out of the eell. 
This loss of positive ions causes 
the membrane potential to 
beeome negative again. 

Module 9.6 Review 

a. The neuromuscular junction 
is a speeialized intereellnlar 
eonneetion that enables a motor 
neuron to eommnnieate with 

a skeletal muscle fiber. 

b. Aeetyleholine release is 
neeessary for skeletal muscle 
eontraetion, beeanse it serves as 
the first step in the proeess. A 
drug that bloeks aeetyleholine 
release would prevent ACh 
from binding with reeeptors on 
the motor end plate, so sodium 
ions would not rush into the 
muscle fiber s sareoplasm, and 
no aetion potential would be 
generated in the sareolemma. 

As a result, muscle eontraetion 
could not occur. e. Without 
AChE, the motor end plate would 
be continuously stimulated by 
aeetyleholine, loeking the muscle 
in a state of eontraetion. 

Module 9.7 Revìew 

a.ATP is the moleenle that 
snpplies the energy for a muscle 
eontraetion. b. Onee the 
eontraetion proeess has begun, 
the steps that occur are (1) aetive 
sites exposed, (2) eross-bridges 
form, (3) myosin heads pivot 
(power stroke), (4) eross-bridges 


detaeh, and (5) myosin reaetivates 
(“reeoeks”). e. The breakdown of 
ATP into ADP + P enables myosin 
reaetivation beeanse the energy 
released during this proeess is 
used to ‘ reeoek” the myosin 
heads. 

Module 9.8 Revìew 

a. ACh is released into the 
synaptie eleft from the axon 
terminal. This begins the 
aetion potential in the 
sareolemma. b. The aetion 
potential in the sareolemma 
travels along the T tubules to 
the triads, where it triggers the 
release of Ca^^ from the terminal 
eisternae of the sareoplasmie 
reticulum. e. The eontraetion 
eyele will eontinne as long as 
there is ATP available and aetion 
potentials are still prodneed at the 
motor end plate. 

Module 9.9 Revìew 

a. The length of individnal 
sareomeres is a faetor that 
affeets the amount of tension 
prodneed when a skeletal muscle 
fiber eontraets. b. Aeeording to 
the sareomere length-tension 
relationship, (1) the greater the 
zone of overlap in the sareomere, 
the greater the tension the muscle 
ean develop; and (2) there is 
an optimnm range of aetin and 
myosin overlap that will prodnee 
the greatest amount of tension. 
e. In an initial latent period (after 
the stimulus arrives and before 
tension begins to inerease), an 
aetion potential generated in the 
muscle fiber triggers the release 
of calcium ions from the SR. In 
the eontraetion phase, ealeinm 
binds to troponin (eross-bridges 
form), and tension begins to 
inerease. In the relaxation 
phase, tension drops beeanse 
eross-bridges have detaehed 
and beeanse ealeinm levels have 
fallen; the aetive sites are onee 
again eovered by the troponin- 
tropomyosin complex. 

Module 9.10 Revìew 

a. ineomplete tetanns refers to 
a muscle producing near-peak 
tension during rapid eyeles of 
eontraetion and relaxation. Wave 
snmmation refers to the addition 


of one twitch to another. b. A 
motor unit is all of the muscle 
fibers eontrolled by a single motor 
neuron. e. The finer and more 
preeise the movement prodneed 
by a partienlar muscle, the fewer 
the number of muscle fibers in the 
motor unit. 

Module 9.11 Revìew 

a. In an isotonie eontraetion, 
tension rises and the skeletal 
muscle s length ehanges. In an 
isometrie eontraetion, tension 
rises but the muscle s length does 
not ehange, and the load does not 
move. b. The heavier the load on 
a muscle, the longer it will take for 
the muscle to begin to shorten and 
the less the muscle will shorten. 
e. Yes, a skeletal muscle ean 
eontraet without shortening, 
as occurs during an isometrie 
eontraetion. Whether a 
eontraeting muscle shortens 
(a eoneentrie isotonie 
eontraetion), elongates (an 
eeeentrie isotonie eontraetion), 
or remains the same length (an 
isometrie eontraetion) depends 
on the relationship between 
the resistanee and the tension 
prodneed by aetin-myosin 
interaetions. 

Module 9.12 Revìew 

a. Three sonrees of energy ntilized 
by muscle fibers are ATP, ereatine 
phosphate, and glyeogen. b. Muscle 
eells continuously synthesize ATP 
by ntilizing ereatine phosphate and 
by metabolizing glyeogen and fatty 
aeids. e. Muscle fibers produce 
laetie aeid under eonditions of 
anaerobie metabolism (when 
there is a laek of oxygen). These 
eonditions occur at peak levels of 
muscle aetivity. 

Module 9.13 Revìew 

a. After moderate aetivity, it may 
take several hours for a muscle 
fiber to reeover. After sustained 
aetivity at higher levels, eomplete 
reeovery ean take a week. 

b. Much of the laetate produced 
during peak exertion diffnses out 
of the muscle fibers and into the 
bloodstream. The liver absorbs this 
laetate and begins eonverting it into 
pyrnvate. e. Oxygen debt (or excess 
postexercise oxygen eonsnmption) 
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is the amount of oxygen intake 
required after strenuous aetivity to 
produce the ATP needed to restore 
normal, pre-exertion eonditions in 
the body 

Module 9.14 Revìew 

a. The three types of skeletal 
muscle fibers are (1) fast fibers— 
also ealled white muscle fibers, 
fast-twitch glyeolytie fibers, 

Type II-B fibers, and fast fatigne 

I (FF) fibers; (2) intermediate 
fibers—also ealled fast-twitch 
oxidative fibers, Type II-A fibers, 
and fast resistant (FR) fibers; 
and (3) slow fibers—also ealled 
red muscle fibers, slow-twitch 
oxidative fibers, Type I fibers, and 
slow oxidative (SO) fibers. b. A 
sprinter requires large amounts 
of energy for a short burst of 
aetivity. To supply this energy, 
the sprinter s mnseles rely on 
anaerobie metabolism. Anaerobie 
metabolism is less effieient in 
prodneing energy than aerobie 
metabolism, and the proeess also 
prodnees aeidie waste prodnets; 
this eombination eontribntes 
to muscle fatigue. Gonversely, 
marathon rnnners derive most 
of their energy from aerobie 
metabolism, which is more 
effieient and prodnees 
fewer waste prodnets than 
anaerobie metabolism does. 
e. Individnals who excel at 
endnranee aetivities have a 
higher-than-normal pereentage 
of slow fibers. Slow fibers are 
physiologieally better adapted to 
this type of aetivity than are fast 
fibers, which are less vasenlar and 
fatigne faster. 

Modale 9.15 Revìew 

a. Muscle hypertrophy is 
enlargement of fiber size 
without eell division (and 
thus of the entire muscle) 
stemming from inereases in 
myofibrils, mitoehondria, 
glyeolytie enzymes, and glyeogen 
reserves, often in response to 
aetivities such as bodybuilding. 
Muscle atrophy is the wasting 
away of tissnes from laek of 
use, isehemia, or nutritional 
abnormalities. b. While Fred s 
leg was immobilized, its mnseles 
did not reeeive snffieient neural 


stimulation to maintain normal 
mass, tone, and strength—that is, 
his leg mnseles atrophied—and 
the mnseles were thus unable to 
snpport his weight. e. A murder 
vietim s time of death ean be 
estimated aeeording to the body s 
flexibility or rigidity beeanse 
rigor mortis typieally begins a 
few hours after death, reaehes 
maximum rigidity some 2-7 
hours after death, and snbsides 
about 1-6 days later or when 
deeomposition begins. Thus, for 
example, a vietim whose body 
laeks any signs of rigor mortis 
likely died within the past few 
hours. At the molecular level, the 
membranes of the dead eells are 
no longer seleetively permeable 
and the SR is no longer able to 
retain ealeinm ions. As ealeinm 
ions enter the sareoplasm, a 
snstained eontraetion develops, 
making the body extremely stiff. 
Gontraetion persists beeanse the 
dead muscle eells ean no longer 
make the ATP required for eross- 
bridge detaehment from the 
aetive sites. Rigor mortis lasts 
until the lysosomal enzymes 
released by antolysis break down 
the myofilaments. 


Seetìon Revìews 


Seetìon 1 Revìew 

1 . mitoehondrion; 2 . sareolemma; 

3. myofibril; 4. thin filament; 

5. thiek filament; 6. triad; 

7. sareoplasmie reticulum; 

8 . T tubule; 9. terminal eisterna; 

10 . sareoplasm; 11. myofibril; 

12.1 band; 13. A band; 14. H 
band; 15. Z line; 16. titin; 

17. zone of overlap; 18. M line; 

19. thin filament; 20 . thiek 
filament; 21 . sareomere; 

22. skeletal muscle; 23. muscle 
faseiele; 24. muscle fiber; 

25. myofibril; 26. myofilament; 
27. sareomere 

Seetìon 2 Revìew 

1. fatty aeids; 2. O^; 3. glneose; 

4. glyeogen; 5. CP; 6. ereatine; 

7. b; 8. e; 9. a; 1 0 . d; 11. large; 

12 . small; 13. intermediate; 

14. white; 15. pink; 16. low; 

17. high; 18. dense; 

1 9. intermediate; 20 . few; 

21 . many; 22 . intermediate; 


23. rapid; 24. medium; 25. fast; 

26. slow; 27. fast; 28. low; 

29. high; 30. low; 31. high 


ehapter Revìew Questìons 


I. true; 2. false; 3. true; 4. false; 

5. b; 6. g; 7. i; 8. e; 9. a; 10. h; 

II. j;12.f;13.e;14. d;15.d; 

16 . b; 1 7. a; 18 . b; 1 9. d; 20 . a; 

21. b; 22. e; 23. a; 24. d; 25. The 

T tubules conduct aetion potentials 
into the interior of the eell. 

26. When eontraeting to lift 
the eoffee cup, the muscles of 
elbow joint flexion are reerniting 
few motor units. The greater 
tension required for curling a 
dnmbbell would be aehieved 

by recruitment of more motor 
units inelnding motor units of 
more powerful muscle fibers. 

27. Throughout the reeovery 
period, oxygen demand remains 
above normal resting levels as 
the liver absorbs and reeyeles 
the laetate released by muscle 
fibers during intense exercise. 

The liver eonverts the laetate to 
glneose, which is released into the 
bloodstream. The transport of 
laetate to the liver and of glneose 
baek to muscle eells is ealled the 
Cori eyele. The additional oxygen 
eonsnmed by the liver for glneose 
synthesis is ealled the oxygen debt, 
or excess postexercise oxygen 
eonsnmption. The muscle fibers 
use the glucose to restore ATP, 
ereatine phosphate, and glyeogen 
eoneentrations to pre-exertion 
levels. 28. Aerobie metabolism 
and glyeolysis generate ATP 
from glneose in muscle eells. 

29. When a muscle experiences 
repeated, exhaustive stimulation, 
as in exercise, muscle fibers 
develop more mitoehondria, a 
higher eoneentration of glyeolytie 
enzymes, larger glyeogen reserves, 
and more myofibrils. Eaeh 
myofibril eontains more thiek and 
thin filaments. The net effeet is 
hypertrophy, or enlargement of 
the stimnlated muscle. 


ehapter Integratìon 


1. Sean s mnseles are likely 
rieh in slow fibers (type I, red, 
slow-twitch oxidative fibers). 


These fibers help him excel 
beeanse they have a high 
resistanee to fatigne due to 
their high myoglobin eontent, 
dense eapillary supply, and 
high number of mitoehondria. 
This fiber type is excellent for 
endnranee aetivities like soeeer, 
but is not well suited for sprinting 
from home plate to first base. 

2. Stuart s skeletal muscles are 
probably rieh in fast fibers (Type 
II-B, white, fast-twitch glyeolytie 
fibers). Fast fibers provide Stuart 
with the speed neeessary to get 
him from home plate to first 
base beeanse they have a large 
diameter, and they rapidly reaeh 
peak tension, eontraet fast, and 
are high in glyeolytie enzymes. 
This fiber type is not well suited 
for endurance aetivities and 
probably explains why he does 
not perform well in a sport like 
soeeer. 3. The pereentage of fast 
versus slow fibers in an individnal 
is genetieally determined. 
Endnranee training, however, ean 
cause fast fibers to take on the 
appearanee and eharaeteristies 
of intermediate fibers (Type II-A, 
fast resistant, fast-twitch oxidative 
fibers). Sean the soeeer player is 
more likely to have experienced 
this training benefit. 


GHAPTERIO 

Module Revievvs 


Module 10.1 Revìew 

a. The muscular system ean 
be divided into axial and 
appendienlar divisions. Axial 
mnseles snpport and position 
the axial skeleton. Appendienlar 
mnseles snpport and move the 
limbs. b. There are approximately 
700 skeletal mnseles in the body. 
e. Faetors that inflnenee the 
performanee of a skeletal muscle 
are muscle fiber organization and 
how the muscle attaehes to the 
bone. 

Module 10.2 Revíew 

a. A lever is a rigid structure— 
such as a board, a crowbar, or 
a bone—that moves on a fixed 
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point ealled the fulcrum. There 
are three elasses of levers: In 
a first-elass lever, the fulcrum 
lies between the applied foree 
and the load; in a seeond-elass 
lever, the load lies between the 
fulcrum and applied foree; and 
in a third-elass lever, the applied 
foree is between the fulcrum 
and the load. Third-elass levers 
are the most eommon type in 
the body. b. The joint between 
the oeeipital bone and the first 
eervieal vertebra is part of a 
first-elass lever system. The 
joint between the two bones (the 
fulcrum) lies between the skull 
(which provides the load) and the 
neek mnseles (which provide the 
applied foree). e. Gontraetion of 
a pennate muscle generates more 
tension than would eontraetion 
of a parallel muscle of the same 
size because a pennate muscle 
eontains more muscle fibers, 
and thus more myofibrils and 
sareomeres. 

Modale 10.3 Revìew 

a. A synergist is a muscle 
that helps a larger agonist (or 
prime mover—a muscle that 
is responsible for a speeifie 
movement) perform its aetions 
more effieiently. b. Mnseles A and 
B are antagonists beeanse they 
perform opposite aetions. e. The 
name flexor earpi radialis longns 
tells you that this muscle is a long 
(longas) muscle that lies next to 
the radius (radialis) and flexes 
(flexor) the wrist (earpi). 

Module 10.4 Revìew 

a. Axial mnseles arise on the axial 
skeleton and position the head 
and spinal column and also move 
the rib eage. This arrangement 
makes breathing possible. 

b. bieeps braehii = appendienlar; 
external oblique = axial; 
temporalis = axial; vastus medialis 
= appendicular. e. The following 
structures labeled on these fignres 
are not mnseles: linea alba, flexor 
retinaculum, iliotibial traet, 
patella, tibia, elaviele, sternum, 
superior extensor retinaculum, 
inferior extensor retinaculum, 
lateral malleolus of fibula, medial 
malleolus of tibia, ealeaneal 
tendon, ealeanens. 


Module 10.5 Revìew 

a. The axial musculature stabilizes 
and positions the head, neek, and 
trunk. b. The first axial muscle 
group includes the muscles of 
the head and neek that are not 
assoeiated with the vertebral 
column. The seeond axial muscle 
group is the muscles of the 
vertebral column. e. The third 
axial muscle group is the oblique 
and rectus muscles of the trunk 
that form the muscular walls of 
the thoraeie and abdominopelvie 
eavities. The fourth axial muscle 
group is the muscles of the 
pelvie floor. 

Module 10.6 Revìew 

a. The muscles assoeiated with 
the mouth include the buccinator, 
depressor labii inferioris, levator 
labii snperioris, levator anguli oris, 
mentalis, orbienlaris oris, risorins, 
depressor anguli oris, zygomaticus 
major, and zygomatiens minor. 

The orbienlaris oris would be 
involved in kissing or whistling. 

b. Bneeinator = mouth; corrugator 
supercilii = eye; mentalis = mouth; 
nasalis = nose; platysma = neek; 
proeerns = nose; risorins = mouth. 
e. A person is able to eonseionsly 
move the skin on the sealp 
beeanse the fibers of the 
epimysinm are woven into those 
of the snperfieial faseia and the 
dermis, whereas in the femoral 
region, muscle fibers (epimysium) 
insert into bone or tendons, not 
skin tissue. 

Module 10.7 Revíew 

a. The extrinsic eye mnseles are 
the inferior rectus, medial rectus, 
superior rectus, lateral rectus, 
inferior oblique, and snperior 
oblique. b. The medial and 
lateral pterygoids originate on 
the lateral pterygoid plates and 
insert at the medial snrfaee of the 
mandibnlar ramus. e. Gontraeting 
the masseter muscle elevates 
the mandible and relaxing this 
muscle depresses the mandible. 

So you would probably be eating 
or chewing something. 

Module 10.8 Revìew 

a. The mnseles of the tongue 
include the genioglossus, 
hyoglossus, palatoglossus, and 
styloglossns. b. The mnseles that 


elevate the soft palate are the 
levator veli palatini and tensor 
veli palatini. e. Mnseles assoeiated 
with the hyoid that form the 
floor of the mouth include the 
mylohyoid, geniohyoid, and 
digastrie. 

Module 10.9 Revìew 

a. The spinal flexor mnseles 
inelnde the longus eapitis, longus 
eolli, and quadratus lumborum. 

b. The splenius eapitis muscles 
enable you to extend your neek. 
e. The vertebral column does 
not need a massive series of 
flexor mnseles beeanse (1) many 
of the large trunk mnseles flex 
the vertebral column when they 
eontraet, and (2) sinee most of the 
body weight lies anterior to the 
vertebral column, gravity tends to 
flex the spine. 

Module 10.10 Revìew 

a. The transversns abdominis 
forms the deepest layer of the 
abdominal wall mnseles. b. The 
rectus abdominis eonneets the ribs 
and sternnm to the pubic bones. 
e. The external oblique muscle 
tenses the abdominal wall and 
eompresses the eontents of the 
abdominal eavity, depresses the 
ribs, and flexes or bends the spine. 

Module 10.11 Revìew 

a. The external nrethral 
sphineter and deep transverse 
perineal muscle make up the 
urogenital diaphragm. b. The 
bulbospongiosus muscle 
eompresses and stiffens the 
elitoris and narrows the vaginal 
opening. e. The eoeeygens muscle 
extends from the saernm and 
coccyx to the isehial spine. 

Module 10.12 Revìew 

a. The appendienlar mnseles 
stabilize, position, and snpport the 
limbs. b. Peetoral girdle mnseles 
originate on the axial skeleton. 
e. A muscle that inserts on the 
femur likely originates from the 
pelvie region. 

Module 10.13 Revìew 

a. The rectus abdominis is the 
axial muscle that is known as the 

‘ six-pack” in physieally fit people. 

b. As you move proximally to 
distally, the muscles beeome 
smaller and more numerous, 
enabling preeise movements. 


e. deltoid = appendienlar; external 
oblique =axial; gluteus maximus 
= appendicular; peetoralis major 
= appendicular; platysma = axial; 
rectus femoris = appendicular. 

Module 10.14 Revìew 

a. The largest of the superficial 
muscles that position the peetoral 
girdle is the trapezins. b. The 
levator seapnlae mnseles enable 
you to shrug your shoulders. 
e. The subclavius originates on the 
first rib and inserts on the inferior m 
border of the elaviele. I 

Module 10.15 Revìew I 

a. The line of aetion is the line of I 
foree prodneed when a muscle I 

eontraets. b. The deltoid muscle I 

abducts the upper arm. e. The I 

subscapularis muscle originates I 

on the anterior snrfaee of the I 

seapnla and inserts on the lesser I 
tnberele of the humerus. * 

Module 10.16 Revìew 

a. A retinaculum is a wide 
band of eonneetive tissue that 
stabilizes tendons. b. The wrist 
extensors are loeated on the 
posterior snrfaee of the forearm. 
e. Snpinator and pronator 
mnseles are involved in tnrning 
a doorknob. 

Module 10.17 Revìew 

a. Mnseles that extend the fingers 
are the extensor digitornm and 
extensor digiti minimi. b. The 
abdnetor pollieis longus, extensor 
pollieis brevis, and extensor 
pollieis longus are muscles that 
abduct the wrist. e. The names 
of mnseles assoeiated with the 
thumb frequently inelnde the term 
pollieis; pollex is the anatomieal 
term for the thumb. 

Module 10.18 Revìew 

a. The intrinsie mnseles of the 
thumb are the adductor pollieis, 
flexor pollieis brevis, opponens 
pollieis, and abdnetor pollieis 
brevis. b. None. No mnseles 
originate on the phalanges. 
e. We are able to move our fingers 
beeanse tendons from forearm 
mnseles extend aeross the distal 
finger joints. When the forearm 
mnseles eontraet, our fingers 
move. 

Module 10.19 Revìew 

a. The mnseles of the glnteal 
group are the gluteus maximus. 
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gluteus medius, gluteus minimus, 
and tensor faseiae latae. 
b. The muscle whose origin is 
the lateral border of the isehial 
tnberosity and insertion is the 
intertroehanterie erest of the 
femur is the quadratus femoris. 
e. Injury to the obturator muscles 
would impair lateral rotation at 
the hip. 

Modale 10.20 Revíew 

I a. The bieeps femoris, 
semimembranosns, 
semitendinosns, sartorins, and 
poplitens flex the knee. b. The 
quadriceps muscles are the rectus 
femoris, vastus intermedius, 
vastus lateralis, and vastus 
medialis. e. The muscle whose 
origin is on the lateral eondyle of 
the femur is the popliteus. 

Module 10.21 Revìew 

a. The muscles that extend 
the ankle are the plantaris, 
gastroenemins, soleus, tibialis 
posterior, fibularis longus, 
and fibnlaris brevis. b. A torn 
ealeaneal tendon would make 
plantar flexion diffienlt, beeanse 
this tendon attaehes the soleus 
and gastroenemins mnseles to 
the ealeanens (heel bone). e. The 
mnseles involved in flexing the 
toes are the flexor digitornm 
longus and flexor hallneis longus. 

Module 10.22 Revìew 

a. The flexor hallucis brevis 
muscle flexes the great toe. b. The 
retinacula stabilize the positions 
of the tendons deseending from 
the leg. e. The inmbrieal mnseles 
originate on the tendons of the 
flexor digitornm, and insert on the 
tendons of the extensor digitornm 
longus of toes two to five. Their 
eontraetion resnlts in flexion at 
the proximal metatarsophalangeal 
joints and extension at the distal 
interphalangeal joints. 

Module 10.23 Revíew 

a. The eight muscle 
eompartments of the limbs 
are the lateral eompartment, 
medial eompartment, anterior 
eompartment, snperfieial 
anterior eompartment, deep 
anterior eompartment, posterior 
eompartment, snperfieial 
posterior eompartment, and 


deep posterior eompartment. 
b. Gompartment syndrome is 
a eondition in which inereased 
pressnre in the eonfined 
anatomieal spaee adversely affeets 
eirenlation. e. Gompartment 
syndrome ean be life threatening 
beeanse prolonged isehemia leads 
to tissue death. 


Seetìon Revìews 


Seetìon 1 Revìew 

I . unipennate; 2 . eonvergent; 

3. bipennate; 4. eirenlar or 
sphineter; 5. mnltipennate; 

6 . sternoeleidomastoid; 7. deltoid; 

8 . bieeps braehii; 9. external 
oblique; 10. pronator teres; 

II . braehioradialis; 1 2 . flexor 
earpi radialis; 13. rectus femoris; 

14. vastus lateralis; 15. vastus 
medialis; 16. gastrocnemius; 

17. soleus; 18. peetoralis major; 

19. rectus abdominis; 20 . iliopsoas; 
21 . tensor faseia latae; 22 . graeilis; 
23. sartorins; 24. tibialis anterior; 
25. extensor digitornm longus 

Seetìon 2 Revìew 

1 . oeeipitofrontalis (frontal 
belly); 2 . temporalis; 

3. orbienlaris oculi; 4. levator 
labii superioris; 5. zygomaticus 
minor; 6. zygomatiens major; 

7. bneeinator; 8. orbienlaris oris; 

9. risorins; 10. depressor labii 
inferioris; 11. depressor anguli 
oris; 12 . masseter; 13. mylohyoid; 
14. digastrie; 15. geniohyoid; 

16. omohyoid; 17. stylohyoid; 

18. thyrohyoid; 19. sternothyroid; 

20. sternohyoid; 

21 . sternoeleidomastoid 

Seetìon 3 Revìew 

1 . trieeps braehii, long head; 

2. aneonens; 3. extensor earpi 
nlnaris; 4. extensor earpi radialis 
longus; 5. extensor digitornm; 

6 . flexor earpi nlnaris; 7. gluteus 
medius; 8 . tensor faseiae latae; 

9. gluteus maximus; 1 0 . adductor 
magnus; 11. graeilis; 1 2 . bieeps 
femoris; 13. semitendinosus; 

14. semimembranosus; 

15. sartorius; 16. popliteus; 

17. gastrocnemius; 18. tibialis 
anterior; 19. fibnlaris longus; 

20 . soleus; 21 . extensor digitornm 
longus; 22 . fibularis brevis; 

23. superior extensor 


retinaculum; 24. inferior extensor 
retinaculum; 25. ealeaneal tendon 


ehapter Revìew Questìons 


1 . seeond-elass lever; 2 . first-elass 
lever; 3. third-elass lever; 4. true; 
5. false; 6 . true; 7. true; 8 . false; 

9.j;10. h;11.f;12.a;13.g; 

14. b;15.e;16. c;17. d; 18. i; 

19. b; 20. b; 21. e; 22. a; 23. a; 

24. e; 25. d; 26. a; 27. e; 28. b; 

29. The muscles of the pelvie 
floor support the organs of the 
pelvie eavity, flex the eoeeygeal 
joints, and eontrol the movement 
of materials throngh the anus and 
nrethra. 30. The mnseles of the 
rotator cuff are supraspinatus, 
infraspinatus, teres minor, and 
subscapularis. 31. The muscles 
of the quadriceps muscle group 
are rectus femoris, vastus 
intermedius, vastus medialis, and 
vastus lateralis. These muscles 
produce extension at the knee. 
Rectus femoris also produces 
flexion at the hip. 


ehapter Integratìon 


1. The trieeps braehii is an 
antagonist to the bieeps braehii 
muscle. This means that the 
trieeps muscle opposes the 
movement of the bieeps muscle. 

To aehieve muscle hypertrophy 
and tone of both mnseles, the 
eonntering exercises must be 
performed. 2. Exercises to tone 
the abdominal muscle groups 
include flexing and twisting 
the trunk. The mnseles that the 
person should target include 
the rectus abdominis mnseles, 
the external and internal oblique 
muscles, and the latissimns dorsi 
mnseles. Sit-ups and twisting 
movements will stimnlate these 
mnseles. Plaeing a weight on the 
ehest while doing sit-ups will 
produce faster results because the 
rectus abdominis muscle would be 
working against a greater load. 

3. When jnmping, the hip and 
knee joints are performing 
extension, and the ankle j oint is 
eondneting plantar flexion. 

4. The primary mnseles 
for hip joint extension are 
gluteus maximus, bieeps 


femoris, semitendinosus, 
and semimembranosns. The 
quadriceps femoris muscles 
(rectus femoris, vastus 
intermedius, vastus lateralis, 
and vastus medialis) extend the 
knee. Plantar flexion is performed 
by the gastroenemins, soleus, 
fibularis longus, and fibnlaris 
brevis mnseles. 5. Weight room 
aetivities that perform the joint 
aetions in jnmping are best to help 
Jennifer inerease her strength. 
Such exercises include squats, 
knee extensions, knee curls, 
and heel raises. 


GHAPTER11 

Module Revievvs 


Module11.1 Revìew 

a. The eentral nervons system 
(CNS) eonsists of the brain 
and spinal eord. The CNS 
integrates, proeesses, and 
eoordinates sensory data and 
motor eommands. The peripheral 
nervons system (PNS) inelndes 
all the neural tissue outside the 
CNS. b. The sensory division of 
the PNS brings information to the 
CNS from peripheral reeeptors. 
e. Smooth muscle, eardiae muscle, 
glands, and adipose tissue are 
target organs of the ANS. 

Module 11.2 Revìew 

a. Structural eomponents of 
a typieal neuron inelnde a eell 
body (inelnding the nucleus and 
perikaryon, plus neurofilaments 
and neurotubules), an axon 
(inelnding the axon hilloek, 
axoplasm, axolemma, telodendria, 
eollateral branehes, and axon 
terminals), and dendrites 
(inelnding dendritie spines). 

b. A synapse is the site of 
eommnnieation between a 
neuron and some other eell. If the 
other eell is a muscle eell, not a 
neuron, the term neuromuscular 
junction is used; if the other eell is 
a gland eell, the eommnnieation 
is often ealled a neuroglandular 
synapse. e. Most CNS nenrons 
laek eentrioles, which organize 
the microtubules of the spindle 
apparatns during mitosis, so these 
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eells eannot divide and replaee 
themselves. 

Modale 11.3 Revìew 

a. Aeeording to strnetnre, 
nenrons are elassified as anaxonic, 
bipolar, nnipolar, or mnltipolar. 

b. Aeeording to fnnetion, nenrons 
are elassified as sensory nenrons, 
internenrons, and motor nenrons. 
e. Most sensory nenrons of 

the PNS are nnipolar, so these 
nenrons are more likely to be 
sensory nenrons. Motor nenrons, 
which are mnltipolar, are fonnd 
in the CNS. 

Module 11.4 Revìew 

a. Gentral nervons system 
nenroglia are ependymal eells, 
astroeytes, oligodendroeytes, 
and mieroglia. b. Astroeytes 
proteet the CNS from eirenlating 
ehemieals and hormones by 
maintaining the blood-brain 
barrier. e. Mieroglia are the 
phagoeytie eells that oeenr in 
inereased nnmbers in infeeted 
(and damaged) areas of the CNS. 

Module 11.5 Revìew 

a. Nenroglia of the PNS are 
satellite eells and Schwann 
eells. b. The nenrilemma is the 
onter snrfaee of a Schwann eell 
eneireling an axon. e. Wallerian 
degeneration oeenrs in the PNS, 
where Schwann eells partieipate 
in the repair of damaged nerves. 

Module 11.6 Revìew 

a. The membrane potential, or 
transmembrane potential, is 
the unequal eharge distribution 
between the inner and outer 
surfaces of the plasma membrane. 

b. Graded potentials are 
temporary, loealized ehanges 
in resting potentials that 
deerease with distanee away 
from the stimulus. In response 
to snffieiently large graded 
potentials, aetion potentials occur. 
Aetion potentials begin in one 
loeation and spread along the 
snrfaee of an axon toward the 
axon terminals. e. Information 
proeessing is the integration of 
stimnli by an individnal eell. 

Module 11.7 Revlew 

a. The resting membrane 
potential, or resting potential, 
is the membrane potential of an 


undisturbed (nonstimulated) 
eell. b. The sodium-potassium 
exchange pump maintains the 
eells resting potential by ejeeting 
three sodium ions from the eell 
for every two potassinm ions it 
reeovers from the extracellular 
fluid. e. Deereasing the 
eoneentration of extracellular 
potassium ions would cause 
more potassium to leave the eell, 
which would make the membrane 
potential of the neuron more 
negative. 

Module 11.8 Revìew 

a. Gated ehannels are aetive 
ehannels in the plasma membrane 
that typieally open in response 
to speeifie stimnli. b. Ghemieally 
gated ehannels operate when they 
bind speeifie ehemieals (such as 
ACh); voltage-gated ehannels 
operate in response to ehanges 
in the membrane potential; and 
meehanieally gated ehannels 
operate in response to physieal 
distortion of the membrane 
snrfaee. e. If the voltage-gated 
sodium ion ehannels in a nenrons 
plasma membrane could not 
open, sodium ions could not rush 
into the eell, and its membrane 
potential would not ehange. 

Module 11.9 Revíew 

a. A graded potential (also ealled 
a loeal potential) is a ehange in 
the membrane potential that 
eannot spread far from the site 
of stimnlation. b. Depolarization 
is a shift from the resting 
potential in which the membrane 
potential beeomes less negative. 
Repolarization is the return 
of the membrane potential to 
the resting potential after the 
membrane has been depolarized. 
Hyperpolarization is a shift from 
the resting potential in which the 
membrane potential beeomes 
more negative. e. Movement of 
sodium ions parallel to the inner 
and outer surfaces of the plasma 
membrane—after passing throngh 
open ehemieally gated sodium 
ehannels—aeeonnts for the loeal 
enrrents assoeiated with graded 
potentials. 

Module 11.10 Revíew 

a. An aetion potential is a 
propagated ehange in the 


membrane potential of excitable 
eells, initiated by a ehange in the 
plasma membrane s permeability 
to sodium ions. b. The events 
involved in the generation 
of aetion potentials are 

(1) depolarization to threshold, 

(2) aetivation of sodium ehannels 
and rapid depolarization, 

(3) inaetivation of sodium 
ehannels and aetivation of 
potassinm ehannels, and 

(4) elosing of potassinm ehannels. 
e. The refraetory period is the 
time between the initiation 

of an aetion potential and the 
restoration of the normal resting 
potential. The absolnte refraetory 
period is the portion of the 
refraetory period during which 
the membrane eannot respond to 
fnrther stimnlation, no matter its 
magnitnde. The relative refraetory 
period is the time during which 
the membrane ean respond 
only to a larger-than-normal 
stimulus. 

Module 11.11 Revìew 

a. Continuous propagation is 
the propagation of an aetion 
potential along an nnmyelinated 
axon, where the aetion potential 
affeets every portion of the 
membrane snrfaee. Saltatory 
propagation is the relatively 
rapid propagation of an aetion 
potential between sneeessive 
nodes of a myelinated axon. 

b. The presenee of myelin greatly 
inereases the propagation speed 
of aetion potentials. 

Module 11.12 Revìew 

a. The parts of a ehemieal 
synapse—the site where a neuron 
eommnnieates with another 
neuron or with a eell of a different 
type—are a presynaptie eell and a 
postsynaptie eell, whose plasma 
membranes are separated by a 
narrow gap ealled the synaptie 
eleft. b. Synaptie fatigne occurs in 
an axon terminal when intensive 
stimnlation exceeds its ability to 
keep paee with the demand for 
nenrotransmitter. It is reversed 
and eliminated by resynthesis 
of the nenrotransmitter. 
e. In ehemieal synapses, a 
nenrotransmitter erosses a 
narrow synaptie eleft, whereas 
in eleetrieal synapses the 


membranes of the presynaptie 
and postsynaptie eells are joined 
together by gap jnnetions. 

Module 11.13 Revíew 

a. An excitatory postsynaptie 
potential (EPSP) is a graded 
depolarization of a postsynaptie 
membrane by a nenrotransmitter 
released by a presynaptie eell. 

An inhibitory postsynaptie 
potential (IPSP) is a graded 
hyperpolarization of a ^ 

postsynaptie membrane after m 

the arrival of a nenrotransmitter. I 

b. No aetion potential will I 

be generated, beeanse the I 

depolarization did not reaeh ■ 

threshold. e. Temporal snmmation I 

is the addition of a rapid I 

sneeession of stimnli oeenrring I 

at a single synapse. Spatial I 

snmmation involves the addition I 

of simultaneous stimuli applied * 

at different loeations; that is, it 
involves mnltiple synapses that 

are aetive all at the same time. 

Module 11.14 Revìew 

a. Regnlatory nenrons faeilitate or 
inhibit the aetivities of presynaptie 
nenrons by affeeting the plasma 
membrane of the eell body, or 
by altering the sensitivity of 
axon terminals. b. The degree 
of snstained depolarization at 
the axon hilloek determines the 
frequency of aetion potential 
generation. e. The greater the 
degree of snstained depolarization 
at the axon hilloek, the higher the 
frequency of generation of aetion 
potentials. 


Seetìon Revìews 


Seetìon 1 Revìew 

I . dendrite; 2. Nissl bodies; 

3. mitoehondrion; 4. nucleus; 

5. nucleolus; 6. eell body; 

7. axon hilloek; 8. initial segment; 
9. axolemma; 10. axon; 

II . telodendrion; 12. axon 
terminal; 13. mnltipolar; 

14. nnipolar; 15. anaxonic; 

16. bipolar; 17. neuron, nenroglia, 
nenrofilaments, nenrofibrils, 
neurotubules, neurilemma; 

18. dendrite, dendritie spines, 
telodendria, oligodendroeytes; 

1 9. efferent fibers; 20 . afferent 
fibers 
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Seetìon 2 Revìew 

1 . aetion potential; 2 . eleetrieal 
synapse; 3. resting potential; 

4. gated ehannels; 5. eholinergie 
synapses; 6 . hyperpolarization; 

7. loeal enrrent; 8. depolarization; 
9. aeetyleholine (ACh); 10. ealeinm 
ions (Ca^^); 11. synaptie vesiele; 

12. aeetyleholinesterase (AChE); 

13. ACh reeeptor; 14. sodinm 
ions (Na^); 15. An aetion 
potential depolarizes the axon 

I terminal. 16 . Calcium ions 
enter the eytosol of the axon 
terminal. 17. ACh is released 
through exocytosis. 18. ACh 
binds to sodium ehannel 
reeeptors on the postsynaptie 
membrane, prodneing a 
graded depolarization. 19. The 
depolarization ends as ACh is 
broken down into aeetate and 
eholine by AChE. 20. The axon 
terminal reabsorbs eholine from 
the synaptie eleft and uses it to 
synthesize new moleenles of ACh. 
21. In myelinated fibers, saltatory 
propagation transmits nerve 
impnlses to the neuromuscular 
junctions rapidly enough to 
initiate muscle eontraetions and 
promote normal movements. 

In axons that have beeome 
demyelinated, nerve impnlses 
eannot be propagated, so the 
mnseles are not stimnlated to 
eontraet. Eventnally, the mnseles 
atrophy from laek of stimnlation (a 
eondition termed disuse atrophy). 


ehapter Revìew Questìons 


I . ependymal eell; 2 . astroeyte; 

3. node (node of Ranvier); 4. axon; 
5. oligodendroeyte; 6. myelinated 
axon; 7. neuron eell body; 

8 . mieroglia; 9. false; 10. true; 

II . false; 12. true; 13. true; 

14. c;15.e;16. a;17.b;18.f; 

19. g; 20. h;21.d; 22. e; 23. b; 

24. b; 25. e; 26. d; 27. a; 28. b; 

29. The eentral nervons system 
(CNS) is eomposed of the brain 
and spinal eord. The peripheral 
nervons system (PNS) is made 
up of all the neural tissue outside 
the CNS and is divided into the 
sensory and motor divisions. 

30. The three fnnetional elasses of 
nenrons in the nervons system are 


sensory nenrons, internenrons, 
and motor nenrons. Sensory 
nenrons transmit impnlses from 
the PNS to the CNS. Internenrons 
analyze sensory inputs and 
eoordinate motor outputs. Motor 
neurons transmit impnlses from 
the CNS to the PNS. 31. In 
continuous propagation, which 
occurs in nnmyelinated axons, an 
aetion potential appears to move 
aeross the membrane snrfaee in 
a series of tiny steps. In saltatory 
propagation, which occurs in 
myelinated axons, only the 
nodes ean respond to a 
depolarizing stimulus. Saltatory 
propagation is much faster than 
continuous propagation. 

32. Loealized ehanges in 
membrane potential that eannot 
spread far from the site of 
stimnlation are ealled graded 
potentials. Aetion potentials occur 
when threshold is reaehed, eansing 
a depolarization that spreads along 
the axon, resnlting in synaptie 
aetivity at the axon terminal. 

33. Temporal snmmation is the 
addition of stimnli that arrive at a 
single synapse in rapid sneeession. 
Spatial snmmation occurs when 
simultaneous stimuli at multiple 
synapses have a cumulative effeet 
on membrane potential. 


ehapter Integratìon 


1. Demyelination is the loss or 
destrnetion of the myelin sheaths 
that insnlate nerve fibers. 2. The 
loss of myelin slows nerve impnlse 
propagation, so within the CNS, 
information about limb movement 
and body position moves slowly; and 
motor eommands move slowly and 
erratieally. 3. The glial eells affeeted 
by MS are oligodendroeytes, which 
form the myelin sheaths around 
axons in the CNS. 


CHAPTER12 

Module Revievvs 


Modale 12.1 Revìew 

a. Sensory input travels toward 
the spinal eord, while motor 


eommands travel away from the 
spinal eord. b. A reflex is a rapid, 
antomatie response triggered by 
speeifie stimnli. e. Spinal reflexes 
are reflexes that are eontrolled in 
the spinal eord, and ean fnnetion 
without any input from the brain. 

Module 12.2 Revìew 

a. A typieal spinal eord has 31 
pairs of spinal nerves, and the 
spinal eord ends at the level of 
lumbar vertebra 1 or 2 (L^ or L^). 

b. The gray matter of the spinal 
eord is eomposed of the eell 
bodies of nenrons, nenroglia, 
and nnmyelinated axons. 

e. Gross anatomieal featnres of 
the eross-seetioned spinal eord 
inelnde the anterior median 
fissnre (a deep groove along the 
anterior or ventral snrfaee); the 
posterior median sulcus (a shallow 
longitudinal groove); white 
matter (eomposed of myelinated 
and nnmyelinated axons); gray 
matter (eomposed of eell bodies 
of nenrons, nenroglia, and 
nnmyelinated axons); the eentral 
eanal (a passageway eontaining 
eerebrospinal fluid); a dorsal root 
of eaeh spinal nerve (axons of 
nenrons whose eell bodies are 
in the dorsal root ganglion); a 
ventral root of eaeh spinal nerve 
(the axons of motor nenrons 
that extend into the periphery 
to eontrol somatie and viseeral 
effeetors); dorsal root ganglia 
(eontain eell bodies of sensory 
nenrons); and spinal nerves 
(eontain the axons of sensory 
and motor nenrons). 

Module 12.3 Revìew 

a. The three spinal meninges are 
the dura mater (the outermost 
eomponent of the eranial and 
spinal meninges), araehnoid 
mater (the middle layer that 
eneloses eerebrospinal fluid), and 
pia mater (the innermost layer 
of the meninges bound to the 
nnderlying neural tissue). 

b. Cerebrospinal fluid is found 
in the snbaraehnoid spaee, 
which lies deep to the epithelinm 
of the araehnoid mater and 
snperfieial to the pia mater. e. The 
lumbar puncture needle would 
penetrate the epidermis, dermis. 


subcutaneous layer (hypodermis), 
and then skeletal muscle before 
reaehing the proteetive spinal 
eoverings: the dura mater, then 
the araehnoid matter, and finally 
the snbaraehnoid spaee, which 
eontains eerebrospinal fluid. 

Module 12.4 Revìew 

a. Sensory nuclei reeeive and 
relay sensory information from 
peripheral reeeptors; motor 
nuclei issue motor eommands 
to peripheral effeetors. b. The 
poliovirns-infeeted nenrons would 
be in the anterior gray horns of the 
spinal eord, where the eell bodies 
of somatie motor nenrons are 
loeated. e. A disease that damages 
myelin sheaths would affeet the 
white matter columns of the spinal 
eord, which are eomposed of 
bnndles of myelinated axons. 

Module 12.5 Revíew 

a. The three layers of eonneetive 
tissue of a spinal nerve are 
the outer epineurium, middle 
perineurium, and inner 
endoneurium; the major 
peripheral branehes of a 
spinal nerve are the dorsal 
rami, the ventral rami, and 
the eommnnieating rami. b. A 
dermatome is a speeifie bilateral 
sensory region monitored by 
a single pair of spinal nerves. 
e. Shingles is caused by a 
reaetivation of the varieella-zoster 
virus (VZV), the same herpes 
virus that causes chickenpox. 

Onee reaetivated, the virus 
stimulates painful inflammation 
of the nerve ganglia and causes 
skin ernptions in a pattern that 
eorresponds to the affeeted 
dermatome. 

Module 12.6 Review 

a. The gray ramus is a bundle 
of postganglionie sympathetie 
nerve fibers that are distribnted 
to effeetors in the body wall, 
skin, and limbs by way of a 
spinal nerve; the white ramus is 
a nerve bundle eontaining the 
myelinated preganglionie axons 
of sympathetie motor nenrons en 
route to sympathetie ganglia. 

b. l) = white rami eommnnieantes, 
2 ) = gray rami eommnnieantes; 
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c. The dorsal ramus of eaeh 
thoraeie or superior lumbar spinal 
nerve innervates the skin and 
skeletal mnseles of the baek. 

Module 12.7 Revìew 

a. A nerve plexus is a complex, 
interwoven network of nerves. 

The major plexuses are the 
eervieal, braehial, lumbar, and 
saeral plexuses. b. An anesthetie 
that bloeks the fnnetion of the 
dorsal rami of the eervieal spinal 
nerves would affeet the skin and 
mnseles of the baek of the neek 
and of the shonlders. e. Damage 
to the eervieal plexus—more 
speeifieally, to the phrenie nerves, 
which originate in this plexus 
and innervate the diaphragm— 
would interfere with the ability to 
breathe. 

Module 12.8 Revìew 

a. The braehial plexus is a 
network of nerves formed by 
branehes of spinal nerve segments 
e^-T^, en route to innervating the 
upper limb. b. The major nerves 
assoeiated with the braehial plexus 
are the dorsal scapular, long 
thoraeie, suprascapular, medial 
and lateral peetoral, subscapular, 
thoraeodorsal, axillary, medial 
antebraehial cutaneous, radial, 
musculocutaneous, median, and 
ulnar nerves. e. A nerve plexus 
trunk is a large bundle of axons 
eontribnted by several spinal 
nerves; a nerve plexus eord is 
a smaller braneh of nerves that 
originates at a trunk. 

Module 12.9 Revìew 

a. The lumbar plexus is a nerve 
network formed by axons from 
the ventral rami of spinal nerve 
segments the saeral plexus 

is a nerve network formed by 
the ventral rami of spinal nerve 
segments L^-S^. b. The major 
nerves of the saeral plexus are 
the superior and inferior glnteal 
nerves; the posterior femoral 
cutaneous nerve; the seiatie 
nerve, which branehes into the 
tibial nerve and the fibnlar nerve; 
and the pndendal nerve. 
e. Gompression of the seiatie 
nerve prodnees the sensation that 
your lower limb has “fallen asleep.” 


Module 12.10 Revìew 

a. In divergent neural circuits, 
information spreads from one 
neuron to several nenrons. 

In eonvergent neural circuits 
several neurons synapse with a 
single postsynaptie neuron. b. In 
serial proeessing, information is 
proeessed in a stepwise fashion, 
one neuron to another. e. The 
most complex neural proeessing 
occurs in the brain. 

Module 12.11 Revìew 

a. All reflex ares inelnde a 
reeeptor, a sensory neuron, a 
motor neuron, and a peripheral 
effeetor; internenrons may or 
may not be present as well. b. All 
reflexes are rapid, unconscious 
patterned responses to a physieal 
stimulus, which restore or 
maintain homeostasis. e. Neural 
reflexes are elassified aeeording 
to their development (innate 
reflexes vs. acquired reflexes), 
the nature of the resulting motor 
response (somatie reflexes vs. 
viseeral reflexes), the complexity 
of the neural circuit involved 
(polysynaptie reflexes vs. 
monosynaptie reflexes), and the 
site of information proeessing 
(spinal reflexes vs. eranial 
reflexes). 

Module 12.12 Revìew 

a. A streteh reflex is a 
monosynaptie reflex that provides 
antomatie regnlation of skeletal 
muscle length. b. In the patellar 
reflex, the response observed is 
leg extension, and the effeetors 
involved are the quadriceps 
femoris muscles. e. When streteh 
reeeptors are stimnlated by 
gamma motor nenrons, the muscle 
spindles beeome more sensitive. 

As a result, little (if any) stretehing 
stimulus is needed to stimnlate 
the eontraetion of the quadriceps 
muscles. Thus, the reflex response 
would occur more quickly. 

Module 12.13 Revìew 

a. All polysynaptie reflexes 
involve pools of internenrons, are 
intersegmental in distribntion, 
involve reeiproeal inhibition, and 
have reverberating eirenits. 

b. The flexor reflex is an example 


of a withdrawal reflex that 
eontraets the flexor mnseles of 
a limb in response to a painfnl 
stimulus; so, it has a proteetive 
function. e. During a withdrawal 
reflex, the limb on the opposite 
side is extended. This response is 
ealled a erossed extensor reflex. 

Module 12.14 Revìew 

a. Reinforeement is an 
enhaneement of a spinal reflex 
throngh the faeilitation of motor 
nenrons involved in reflexes. 

b. Reflex testing provides 
information about the nervous 
systems functional status. 

e. A positive Babinski reflex is 
abnormal in adults; it indieates 
possible damage of deseending 
traets in the spinal eord. 


Seetìon Revìews 


Seetìon 1 Revìew 

1 . white matter; 2 . dorsal root 
ganglion; 3. lateral white column; 

4. posterior gray horn; 5. lateral 
gray horn; 6. anterior gray horn; 

7. posterior median sulcus; 

8 . eentral eanal; 9. sensory nuclei; 

10 . motor nuclei; 11 . anterior gray 
eommissnre; 12. ventral root; 

13. anterior white eommissnre; 

14. anterior median fissnre; 

15. anterior view; 16. radial 
nerve; 17. ulnar nerve; 18. median 
nerve; 19. posterior view; 

20 . eolnmns; 21 . conus medullaris; 
22 . nerves; 23. meninges; 24. cauda 
equina; 25. braehial plexus; 

26. dura mater; 27. perineurium; 
28. gray ramus 

Seetìon 2 Revìew 

1 . divergenee; 2 . eonvergenee; 

3. serial proeessing; 4. parallel 
proeessing; 5. reverberation; 

6 . reeeptor; 7. sensory neuron; 

8 . internenron; 9. spinal 
eord (CNS);10. motor neuron; 

11 . effeetor; 12 . ipsilateral reflex; 

13. withdrawal reflexes; 14. gamma 
motor neuron; 15. flexor reflex; 

16. viseeral reflexes; 17. acquired 
reflexes; 18. eontralateral reflex; 

19. reeiproeal inhibition; 

20. reinforeement; 21. The 
withdrawal reflex illnstrated in the 
reflex are illnstration is an innate, 
somatie, polysynaptie, spinal reflex. 


ehapter Revìew Questìons 


1 . gray matter; 2 . white matter; 

3. ventral root; 4. spinal nerve; 

5. dorsal root ganglion; 6 . dorsal 
root; 7. sympathetie ganglion; 

8 . dorsal ramus; 9. pia mater; 

10 . araehnoid; 11 . dura mater; 

12 . true; 13. false; 14. false; 

15. true; 16. false; 17. e; 18. e; 

19. b; 20. d;21.d; 22. a; 23. b; 

24. b; 25. b; 26. a; 27. Shingles 
is caused by the varieella-zoster 
virus (VZV), the same virus that 
causes chickenpox. Symptoms 
inelnde a painfnl rash and blisters 
whose distribntion eorresponds 
to the affeeted sensory nerve and 
its assoeiated dermatome. 28. The 
stndent bumped her ulnar nerve 
as it passed behind the medial 
epieondyle of the humerus. She 
is experiencing pain in the fourth 
and fifth finger, as well as the 
medial hand. 29. Spinal nerve 
exits snperior to vertebra G^. 
Spinal nerve Cg exits inferior to 
vertebra C^. Therefore, there are 
eight eervieal nerves but only 
seven eervieal vertebrae. 

30. Cerebrospinal fluid is loeated 
in the snbaraehnoid spaee. It 
fnnetions as a shoek absorber and 
a diffnsion medium for dissolved 
gases, nutrients, ehemieal 
messengers, and wastes. 


ehapter Integratìon 


1. A head that snaps to the left 
would cause a stretehing of the 
spinal nerves on the right side 
of the neek. The majority of 
these nerves travel into the right 
upper limb, which is why the 
pain would extend only into the 
right side. The pain was in his 
neek as well beeanse these nerves 
originate from the spinal eord in 
the eervieal region. 2. The spinal 
nerves involved in Dominie s 
stinger would be those of the 
braehial plexus, which are spinal 
nerves e^-T^. 3. The bnrning, 
nnmbing pain is the result of the 
streteh plaeed on the braehial 
plexus as Dominie s head snapped 
to the opposite side. These nerves 
innervate the entire upper limb, 
which is why the pain extended 
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all the way to his fingertips. 

4.The anterior horn in the Inmbar 
region of the spinal eord eontains 
somatie motor nenrons that direet 
the aetivity of skeletal mnseles 
of the hip, lower limb, and foot. 

As a resnlt of the injnry, Karen 
would be expected to have poor 
eontrol of most muscles of the 
lower limbs, causing diffienlty 
walking (if she could walk at all) 
and problems maintaining balanee 

| (if she could stand). 5. The person 
would still exhibit defeeation 
(bowel) and nrination (nrinary 
bladder) reflexes beeanse these 
spinal reflexes are proeessed at the 
level of the spinal eord. Afferent 
impnlses from the organs would 
stimulate speeifie interneurons in 
the saeral region that synapse with 
the motor nenrons eontrolling the 
sphineters, thus bringing about 
emptying when the organs began 
to fill. However, a person with a 
spinal eord transeeted at 
would lose voluntary eontrol of 
the bowel and nrinary bladder, 
beeanse these fnnetions rely 
on impnlses earried by motor 
nenrons in the brain that must 
travel down the spinal eord and 
synapse with the internenrons 
and motor nenrons involved 
in the reflex. 6 . The effeets of a 
transeetion of the spinal eord at 
in an adult are the same as the 
situation in newborns, in whom 
the deseending traets required 
for conscious eontrol of nrination 
have not yet fully developed. 


CHAPTER13 

Module Revievvs 


Module 13.1 Revìew 

a. The three primary brain 
vesieles are the proseneephalon, 
meseneephalon, and 
rhombeneephalon. b. The 
dieneephalon and teleneephalon 
are seeondary brain vesieles 
forming from the proseneephalon. 
The meteneephalon and 
myeleneephalon are seeondary 
brain vesieles forming from 
the rhombeneephalon. e. The 
eerebrnm is the largest region of 
the adult brain. 


Module 13.2 Revìew 

a. The six maj or regions of the br ain 
are the eerebrnm, dieneephalon, 
eerebellnm, midbrain, pons, and 
mednlla oblongata. The midbrain, 
pons, and mednlla oblongata make 
up the brain stem. The thalamns 
and hypothalamns make up the 
dieneephalon. b. The mednlla 
oblongata (the most caudal of 
the brain regions) relays sensory 
information to other parts of the 
brain stem and to the thalamns. It 
also eontains eenters that regnlate 
antonomie fnnetion, such as heart 
rate and blood pressnre. e. The 
corpus callosum is a traet of white 
matter that links the left and right 
eerebral hemispheres, whereas the 
septum pellucidum is a partition 
that separates the two lateral 
ventrieles. 

Module 13.3 Review 

a. The layers of the eranial 
meninges, from snperfieial to 
deep, are the outer dura mater, 
the middle araehnoid mater, 
and the inner pia mater. b. If the 
normal movement of CSF were 
bloeked, CSF would continue to be 
produced at the ehoroid plexuses in 
eaeh ventriele, but the fluid would 
remain there, eansing the ventrieles 
to swell. e. Deereased diffnsion 
aeross the araehnoid grannlations 
would inerease the volume of CSF 
in the ventrieles, beeanse less CSF 
would re-enter the bloodstream. 
The inereased pressnre within 
the brain due to accumulated CSF 
could damage the brain. 

Module 13.4 Revìew 

a. The aseending and deseending 
traets of white matter in the 
mednlla oblongata link the brain 
with the spinal eord. b. The 
nucleus graeilis and nucleus 
cuneatus are eomponents of the 
mednlla oblongata that relay 
somatie sensory information to 
the thalamns. e. The pyramids 
eontain traets of motor fibers that 
originate at the eerebral cortex. 
Some of the motor fibers eross 
to opposite sides of the mednlla 
oblongata, and that erossing over 
is ealled a deenssation. 

Module 13.5 Revìew 

a. The eomponents of the eerebellar 
gray matter are the eerebellar cortex 


and the eerebellar nuclei. b. The 
arbor vitae is the white matter of 
the cerebellum, and it eonneets 
the eerebellar cortex and nuclei 
with the eerebellar peduncles. 
e. Ataxia is the failnre of muscular 
eoordination that ean result from 
damage to the cerebellum from 
trauma, stroke, or eertain drugs, 
including aleohol. 

Module 13.6 Revìew 

a. The two pairs of sensory nuclei 
eontained within the eorpora 
quadrigemina are the snperior 
eollienli and inferior eollienli. 

b. The snperior eollienli of 
the midbrain eontrol reflexive 
movements of the eyes, head, 
and neek. e. Cranial nerves III 
to XII arise from the brain stem 
(midbrain, pons, and mednlla 
oblongata). 

Module 13.7 Revìew 

a. The main eomponents of the 
dieneephalon are the epithalamns, 
thalamns, and hypothalamns. 

b. Damage to the lateral 
genienlate nuclei of the thalamus 
would interfere with the flow of 
visual information and thus affeet 
the sense of sight. e. The preoptie 
area of the hypothalamns, a 
eomponent of the dieneephalon, 
is stimnlated by ehanges in body 
temperatnre. 

Module 13.8 Revìew 

a. The limbie system establishes 
emotional states; links the 
eonseions, intelleetnal fnnetions 
of the eerebral cortex with the 
unconscious and antonomie 
fnnetions of the brain stem; and 
faeilitates memory storage and 
retrieval. b. The hippoeampns 
is important in the storage and 
retrieval of long-term memories. 
e. The amygdaloid body plays 
a role in the regnlation of heart 
rate, in the eontrol of the “fight 
or flight” response, and in linking 
emotions with speeifie memories. 

Module 13.9 Revìew 

a. The basal nuclei are masses of 
eerebral gray matter that function 
in the subconscious eontrol of 
skeletal muscle aetivity. b. The 
caudate nucleus is one of the 
basal nuclei involved with the 
subconscious eontrol of skeletal 


muscular aetivity. e. Damage to 
the basal nuclei would result in 
deereased muscle tone and the 
loss of eoordination of learned 
movement patterns. 

Module 13.10 Revìew 

a. The lobes of the eerebrnm— 
the frontal lobe, parietal lobe, 
oeeipital lobe, and temporal 
lobe—are named for the overlying 
bones of the skull. b. The insula is 
an island of cortex loeated medial 
to the lateral sulcus. e. Damage to 
the left posteentral gyrus would 
interfere with the awareness of 
sensory information from the 
right side of the body. 

Module 13.11 Revìew 

a. The primary motor cortex is 
loeated in the preeentral gyrus of 
the frontal lobe of the eerebrnm. 

b. Damage to the temporal lobes 
of the eerebrnm would interfere 
with the proeessing of olfaetory 
(smell) and anditory (sound) 
sensations. e. The stroke has 
damaged the speeeh eenter, 
loeated in the frontal lobe. 

Module 13.12 Revìew 

a. The axons in the eerebral white 
matter are ealled assoeiation 
fibers, eommissnral fibers, 
and projeetion fibers. b. The 
longitndinal faseienli eonneet the 
frontal lobe to the other lobes of 
the same hemisphere. e. The fibers 
earrying information between 
the eerebral cortex and the 
spinal eord are ealled projeetion 
fibers, and they pass throngh the 
dieneephalon, brain stem, and 
eerebellnm. 

Module 13.13 Revìew 

a. An eleetroeneephalogram 
(EEG) is a printed reeord or 
graph of the eleetrieal aetivity 
of the brain. b. The four wave 
types assoeiated with an EEG 
are alpha waves (eharaeteristie 
of normal resting adults), beta 
waves (eharaeteristie of a person 
who is eoneentrating), theta 
waves (observed in ehildren and 
frnstrated adults), and delta waves 
(found in a person who is sleeping 
deeply, in infants, or in people 
with damaged portions of the 
brain). e. A seiznre is a temporary 
eerebral disorder aeeompanied 
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by abnormal movements, 
unusual sensations, inappropriate 
behavior, or some eombination 
of these signs and symptoms. 
Epilepsy is a elinieal eondition 
eharaeterized by seiznres. 

Modale 13.14 Revìew 

a. The eranial nerves are 
the olfaetory (I), optie (II), 
oenlomotor (III), troehlear (IV), 
trigeminal(V), abdneens (VI), faeial 
(VII), vestibnloeoehlear (VIII), 
glossopharyngeal (IX), vagus (X), 
aeeessory (XI), and hypoglossal 
(XII) nerves. b. The eranial nerves 
with motor fnnetions only are the 
oenlomotor (III), troehlear (IV), 
abdneens (VI), aeeessory (XI), and 
hypoglossal (XII). e. The eranial 
nerves with mixed fnnetions are 
the trigeminal (V), faeial (VII), 
glossopharyngeal (IX), and vagus 
(X) nerves. 

Module 13.15 Revìew 

a. The term general senses is 
used to deseribe our sensitivity 
to temperatnre, pain, touch, 
pressure, vibration, and 
proprioeeption. b. You are able to 
distinguish the exact spot of touch 
more preeisely in eertain areas 
due to the size of the reeeptive 
field. The smaller the reeeptive 
field, the greater your ability to 
loealize an area of stimulus. e. The 
events of a sensory pathway are 
the following: arrival of a stimulus, 
depolarization of reeeptor, aetion 
potential generation, propagation 
over labeled line, and CNS 
proeessing that ean result in a 
volnntary or involnntary response. 

Module 13.16 Revìew 

a. The four types of general 
sensory reeeptors (and the stimnli 
that excite them) are noeieeptors 
(pain), thermoreeeptors 
(temperatnre), meehanoreeeptors 
(physieal distortion), and 
ehemoreeeptors (ehemieals 
dissolved in body fluids). b. The 
three elasses of meehanoreeeptors 
are taetile reeeptors, which 
respond to the sense of touch; 
baroreeeptors, which deteet 
ehanges in pressnre; and 
proprioeeptors, which monitor 
the positions of bones, joints, 
and mnseles. e. Adaptation is a 
deerease in reeeptor sensitivity 


in the presenee of eonstant 
stimnlation. Peripheral adaptation 
rednees the amount of information 
from reeeptors that reaeh the 
eentral nervons system. In eentral 
adaptation, awareness of a stimulus 
virtually disappears, even though 
sensory nenrons in the CNS 
remain aetive. 

Module 13.17 Revíew 

a. The six types of taetile 
reeeptors are free nerve endings 
(sensitive to touch and pressnre), 
the root hair plexuses (monitor 
distortions of and movements 
aeross the body snrfaee), taetile 
dises (deteet fine touch and 
pressnre), taetile eorpnseles 
(deteet fine touch and pressnre, 
and low frequency vibration), 
lamellated eorpnseles (sensitive to 
pnlsing or vibrating stimnli, such 
as deep pressure), and Rnffini 
eorpnseles (sensitive to pressnre 
and distortion of the skin). 

b. Taetile reeeptors found only in 
the dermis are taetile eorpnseles, 
lamellated eorpnseles, and Rnffini 
eorpnseles. e. A Rnffini eorpnsele 
is more sensitive to continuous 
deep pressure because, unlike a 
lamellated eorpnsele, it nndergoes 
little adaptation. 

Module 13.18 Revìew 

a. A sensory homunculus is a 
functional map of the primary 
sensory cortex. b. The lateral 
spinothalamie traets earry 
aetion potentials generated by 
noeieeptors. e. The left eerebral 
hemisphere (speeifieally, the 
primary sensory cortex in that 
hemisphere) reeeives impnlses 
eondneted by the right fasciculus 
graeilis. 

Module 13.19 Revìew 

a. Corticospinal traets are 
deseending traets that earry 
motor eommands from the 
eerebral cortex to the anterior 
gray horns of the spinal eord. 

b. The eortieobnlbar traets 
(which are deseending traets) 
earry information or eommands 
from the eerebral cortex to nuclei 
and eenters in the brain stem. 

e. inereased stimnlation of the 
motor nenrons of the red nucleus 
wouId inerease stimnlation of 
the skeletal mnseles in the upper 


limbs, thereby inereasing their 
muscle tone. 

Module 13.20 Revìew 

a. The basie motor patterns 
related to eating and drinking are 
eontrolled by the hypothalamns. 

b. The thalamns and midbrain 
eontrol reflexes in response 

to visual and anditory stimnli 
experienced while viewing a movie. 
e. As you deeide to hit the ball, the 
motor assoeiation areas reeeive 
information from the frontal lobes 
and then relay that information to 
the basal nuclei and eerebellnm. 

As the hitting movement begins, 
the motor assoeiation areas send 
additional information to the 
primary motor cortex. 

Module 13.21 Revìew 

a. Referred pain is a sensation 
felt in a part of the body other 
than its actual source. b. Rabies is 
eontraeted by a bite from a rabid 
animal. The bite injeets the rabies 
virus into peripheral tissnes, and 
the virus infeets axons. Retrograde 
flow then earries the viral partieles 
into the CNS. e. Amyotrophie 
lateral selerosis (ALS), eommonly 
ealled Lou Gehrig s disease, is 
a progressive degeneration of 
the motor nenrons of the CNS, 
leading to muscle atrophy and 
eventnal paralysis. 


Seetìon Revìews 


Seetìon 1 Revìew 

1 . preeentral gyrus; 2 . frontal 
lobe; 3. lateral sulcus; 4. temporal 
lobe; 5. pons; 6. eentral sulcus; 

7. posteentral gyrus; 8. parietal 
lobe; 9. oeeipital lobe; 

10 . cerebellum; 11. medulla 
oblongata; 12. olfaetory bulb 
(assoeiated with eranial nerve I, 
olfaetory), S; 13. oenlomotor 
(III), M; 14. trigeminal (V), B; 

15. faeial (VII), B; 

16. glossopharyngeal (IX), B; 

17. vagus (X), B; 18. optie 
(II), S;19. troehlear (IV), M; 

20. abducens (VI), M; 

21. vestibnloeoehlear (VIII), S; 

22. hypoglossal (XII), M; 

23. aeeessory (XI), M; 

24. thalamns; 25. arenate fibers; 
26. fornix; 27. eommissnral fibers; 
28. basal nuclei; 29. The sensory 


innervation of the nasal lining, 
or nasal mucosa, is by way of the 
maxillary braneh of the trigeminal 
nerve (V). Irritation of the nasal 
lining inereases the frequency 
of aetion potentials along the 
maxillary braneh of the trigeminal 
nerve throngh the semilnnar 
ganglion to reaeh eenters in the 
midbrain, which in turn excite the 
nenrons of the retienlar aetivating 
system (RAS). inereased aetivity 
by the RAS ean raise the eerebrnm M 
baek to eonseionsness. I 

Seetìon 2 Revìew I 

I . free nerve ending; 2 . root hair I 

plexus; 3. taetile dises; 4. taetile I 

corpuscle; 5. Ruffini eorpnsele; I 

6 . lamellated eorpnsele; I 

7. anterior; 8. posterior; 9. lateral I 

eortieospinal traet of eortieospinal I 

pathway (eonseions eontrol of I 

skeletal mnseles throughout the * 

body); 10. rubrospinal traet of 
lateral pathway (subconscious 
regulation of muscle tone and 
movement of distal limb mnseles); 

II . retienlospinal traet of 
medial pathway (subconscious 
regulation of muscle tone, and 
movements of the neek, trunk, 
and proximal limb mnseles); 

12 . vestibnlospinal traet of 
medial pathway (subconscious 
regulation of muscle tone, and 
movements of the neek, trunk, 
and proximal limb mnseles); 

13. teetospinal traet of medial 
pathway (subconscious regulation 
of muscle tone, and movements 
of the neek, trunk, and proximal 
limb mnseles in response to 
bright lights, sudden movements, 
and loud noises); 14. anterior 
eortieospinal traet of eortieospinal 
pathway (eonseions eontrol of 
skeletal mnseles throughout the 
body); 15. posterior column 
pathway (earries sensations 

of fine touch, pressure, 
vibration, and proprioeeption); 

1 6 . posterior spinoeerebellar 
traet of spinoeerebellar 
pathway (earries proprioeeptive 
information about the position 
of skeletal mnseles, tendons, and 
joints); 17. lateral spinothalamie 
traet of spinothalamie pathway 
(earries pain and temperatnre 
sensations); 18. anterior 
spinoeerebellar traet of 
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spinoeerebellar pathway (earries 
proprioeeptive information 
abont the position of skeletal 
mnseles, tendons, and joints); 

19. anterior spinothalamie 
traet of spinothalamie pathway 
(earries ernde toneh and pressnre 
sensations); 20. Injnries to the 
primary motor cortex eliminate 
the ability to exert fine eontrol over 
motor nnits, but gross movements 
may still be produced by eerebral 
nuclei using the retienlospinal or 
rnbrospinal traets. 


ehapter Revìew Questìons 


I I . frontal lobe; 2. corpus 
callosum; 3. thalamus; 

4. hypothalamus; 5. optie ehiasm; 
6 . mammillary body; 7. midbrain; 
8 . pons; 9. preeentral gyrus; 

10 . eentral sulcus; 11. posteentral 
gyrus; 12. parietal lobe; 

13. parieto-oeeipital sulcus; 

14. oeeipital lobe; 15. pineal 
gland; 16. eerebral aqueduct; 

17. fourth ventriele; 18. mednlla 
oblongata; 19. false; 20 . true; 
21.false; 22.false; 23. true; 

24. b; 25. b; 26. a; 27. d; 28. b; 
29. a; 30. b; 31. d; 32. In any 
inflamed tissue, swelling occurs 
in the area of the inflammation. 
The accumulation of fluid in the 
snbaraehnoid spaee ean cause 
damage by pressing against 
nenrons. If the intraeranial 
pressnre is excessive, brain 
damage ean occur, and if the 
pressnre involves vital antonomie 
reflex areas, death could occur. 
33. The nerve that is bloeked 
when a dentist works on a tooth 
in the bottom jaw would be 
the mandibular braneh of the 
trigeminal nerve (V). This is a 
mixed nerve. Other sensory areas 
that could be affeeted by the 
injeetion are the inferior gums, 
lips, and portions of the tongue 
and palate. Motor fnnetions that 
could be affeeted are the muscles 
of mastieation. 


ehapter Integratìon 


1. The eranial nerve involved 
in Bells palsy is the faeial nerve 
(VII) on the left side of his faee. 

2. The faeial nerve is a mixed 


nerve, so John is likely to be 
experiencing both sensory and 
motor symptoms. His entire faee 
is likely to be experiencing unusual 
sensations, inelnding the loss of 
taste on the anterior two-thirds of 
his tongue on the left side. Besides 
being unable to move his faeial 
mnseles, he probably ean t elose his 
eye, make tears (from his laerimal 
gland), or prodnee saliva (from 
his submandibular and sublingual 
salivary glands). 3. Beeanse John 
is not prodneing tears and he is 
unable to elose his eye, he should 
probably take eare to keep his eye 
moist. Using artifieial tears (eye 
drops) and wearing an eye pateh 
while sleeping is a good idea. He 
may also want to drink with a 
straw sinee he is probably 
having diffienlty in eontrolling 
his lips to successfully drink from 
a glass. 


CHAPTER14 

Module Revievvs 


Module 14.1 Revíew 

a. The SNS provides eonseions 
and subconscious eontrol over 
skeletal mnseles. The ANS 
eontrols the viseeral effeetors: 
smooth muscle, glands, eardiae 
muscle, and adipoeytes. 

b. Preganglionie nenrons are part 
of the viseeral reflex ares. They 
are involved mostly in direet 
reflex responses, rather than 
responses to eommands from 
the hypothalamns. e. Ganglionie 
nenrons of antonomie ganglia 
innervate viseeral effeetors. 

Module 14.2 Revìew 

a. The major divisions of the ANS 
are the sympathetie division, 
the parasympathetie division, 
and the enterie division. b. The 
sympathetie division of the ANS 
is responsible for the physiologieal 
ehanges that occur when you 
are startled by a loud noise. e. In 
the sympathetie division, axons 
emerge from thoraeie and lumbar 
segments of the spinal eord and 
innervate ganglia relatively elose 
to the spinal eord, whereas in the 
parasympathetie division, axons 


emerge from the brain stem and 
saeral segments of the spinal eord 
and innervate ganglia very elose to 
(or within) target organs. 

Module 14.3 Revìew 

a. General responses to inereased 
sympathetie aetivity inelnde 
heightened mental alertness, 
inereased metabolie rate, 
redneed digestive and nrinary 
fnnetions, aetivation of energy 
reserves, inereased respiratory 
rate and dilation of respiratory 
passageways, elevated heart rate 
and blood pressnre, and aetivation 
of sweat glands. General responses 
to inereased parasympathetie 
aetivity inelnde deereased 
metabolie rate, deereased heart 
rate and blood pressnre, inereased 
seeretion by salivary and digestive 
glands, inereased motility and 
blood flow in the digestive traet, 
and stimnlation of nrination 
and defeeation. b. preganglionie 
nenrons (T^-L^) ^ eollateral 
ganglia ^ ganglionie nenrons 
(postganglionie fibers) ^ viseeral 
effeetors in abdominopelvie 
eavity; e. An intramnral ganglion 
is a group of neurons embedded in 
the tissue of a target organ. 

Module 14.4 Revìew 

a. Splanehnie nerves are three 
groups of nerves—eardiopnlmonary, 
abdominopelvie (greater, lesser, and 
lumbar), and pelvie (saeral)—that 
supply the viseera. b. The vagus 
nerve innervates the eardiae plexus, 
eeliae plexus, inferior mesenterie 
plexus, and the hypogastrie plexus. 
e. The vagus nerve (X) earries 
most of the outflow of the 
parasympathetie division of the 

ANS. 

Module 14.5 Revíew 

a. Both alpha reeeptors and beta 
reeeptors are adrenergie reeeptors 
on the membranes of target eells. 
Alpha reeeptors are more sensitive 
to NE than beta reeeptors, but 
both reeeptors are stimulated by 
E. Alpha-1 reeeptor stimulation 
typieally excites the target eell, 
and alpha-2 reeeptor stimnlation 
generally inhibits the target eell. 
Stimnlation of beta reeeptors 
may result in the excitation or 
inhibition of the target eell. 


b. Bloeking the beta reeeptors on 
eells would deerease (or prevent) 
sympathetie stimnlation of tissnes 
eontaining those eells. As a result, 
heart rate, foree of eardiae muscle 
eontraetion, and eontraetion of 
the smooth muscle in blood vessel 
walls would deerease, lowering 
blood pressnre. e. Nieotinie 
reeeptors are aeetyleholine (ACh) 
reeeptors on the snrfaees of 
sympathetie and parasympathetie 
ganglionie eells; mnsearinie 
reeeptors are ACh membrane 
reeeptors that are loeated at all 
parasympathetie neuromuscular 
and neuroglandular junctions, and 
at a few sympathetie neuromuscular 
and neuroglandular jnnetions. 

Module 14.6 Revìew 

a. In tense (or anxious) people, 
inereased sympathetie stimnlation 
typieally causes some or all of the 
following ehanges: dry mouth; 
inereased heart rate, blood 
pressnre, and respiration rate; 
eold sweats; an urge to urinate or 
defeeate; ehanges in digestive traet 
motility (for example, “bntterflies 
in the stomaeh”); and dilated 
pupils. b. Aeetyleholine (ACh) is 
released by all parasympathetie 
nenrons. e. The parasympathetie 
division is sometimes referred to 
as the anabolie system beeanse 
parasympathetie stimnlation 
leads to a general inerease in the 
nntrient eontent of the blood. 

Gells throughout the body respond 
to the inerease by absorbing 
the nntrients and using them to 
snpport growth and other anabolie 
aetivities. 

Module 14.7 Revíew 

a. The ANS adjnsts the aetivities 
of virtnally every body system, 
maintaining homeostasis without 
instructions or interferenee 
from the eonseions mind. b. The 
two types of motor pathways 
are somatie and viseeral. e. The 
somatie effeetor is skeletal muscle. 
The viseeral effeetors are smooth 
muscles, glands, eardiae muscle, 
and adipoeytes. 

Module 14.8 Revìew 

a. Dual innervation is the 
sitnation in which a given body 
structure reeeives instructions 
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from both the sympathetie and 
parasympathetie divisions of the 
ANS. b. Antonomie tone is the 
baekgronnd level of aetivity in 
sympathetie or parasympathetie 
motor nenrons nnder resting 
eonditions. It provides a 
meehanism for fine eontrol of 
viseeral fnnetion beeanse a resting 
nenron may be less aetive or 
more aetive rather than simply 
switching from off to on. This 
is partienlarly important when 
only one division innervates a 
viseeral organ, or when an organ 
must be preeisely eontrolled over 
a broad range of aetivity levels 
(e.g., the heart). e. The blood 
vessels of the skin reeeive only 
sympathetie innervation. When 
you go outside into the eold, 
sympathetie nenrons release NE 
and cause vasoeonstrietion of 
snperfieial blood vessels throngh 
stimnlation of alpha reeeptors. 
When you get angry, sympathetie 
aetivation occurs and large 
amonnts of epinephrine enter the 
eirenlation. This stimnlates beta 
reeeptors in the snperfieial blood 
vessels, dilating those vessels, and 
stimnlates the heart, inereasing 
blood pressnre and blood flow. 

As a result, your skin—and most 
obvionsly your faee—turns red. 

Module 14.9 Revìew 

a. A viseeral reflex is an 
antonomie motor response that 
ean be modified, faeilitated, 
or inhibited by higher eenters, 
espeeially those of the 
hypothalamns. b. Short reflexes 
are antonomie responses that 
bypass the CNS, whereas long 
reflexes involve internenrons 
within the CNS and antonomie 
delivery of motor eommands 
to the effeetors. e. The solitary 
nucleus is a large mass of gray 
matter in the mednlla oblongata 
that serves as a proeessing eenter 
and sorting eenter for viseeral 
sensory information. 

Module 14.10 Revìew 

a. Baroreeeptors are reeeptors 
that deteet ehanges in pressnre; 
ehemoreeeptors are reeeptors 
that deteet ehanges in the 
eoneentrations of speeifie 
ehemieals or eomponnds. 


b. Baroreeeptors are loeated 
along the digestive traet (stomaeh, 
intestines, and eolon), within the 
walls of the nrinary bladder, in the 
earotid and aortie sinnses, and in 
the lungs. e. Chemoreceptors are 
sensitive to ehanges in blood pH 
and levels of earbon dioxide and 
oxygen. 

Module 14.11 Revìew 

a. The hypothalamns is the brain 
structure eonsidered to be the 
headquarters for the ANS. 

b. A brain tumor pressing on the 
hypothalamns could interfere 
with antonomie fnnetion beeanse 
the hypothalamns reeeives 
viseeral sensory information and 
eontrols both sympathetie and 
parasympathetie fnnetions. e. The 
thalamns relays somatie sensory 
information. 


Seetìon Revìews 


Seetìon 1 Revíew 

I . eervieal sympathetie 
ganglia; 2 . sympathetie ehain 
ganglia; 3. eoeeygeal ganglia; 

4. eardiopnlmonary splanehnie 
nerves; 5. eardiae and pnlmonary 
plexuses; 6 . eeliae ganglion; 

7. snperior mesenterie ganglion; 

8 . splanehnie nerves; 

9. inferior mesenterie ganglion; 

10 . sympathetie division; 

II . thoraeolnmbar division; 

12 . thoraeie nerves; 13. lumbar 
nerves; 14. parasympathetie 
division; 15. eraniosaeral division; 

16. eranial nerves III, VII, IX, X; 

17. saeral nerves; 18. enterie 
nervons system; 19. f; 20 . g; 21 . h; 

22. b; 23. a; 24. e; 25. e; 26. d 

Seetìon 2 Revìew 

1 . limbie system and thalamns; 

2. hypothalamns; 3. pons; 

4. spinal eord T^-L^; 5. compIex 
viseeral reflexes; 6 . vasomotor; 

7. eonghing; 8. respiratory; 

9. sympathetie viseeral reflexes; 

10 . parasympathetie viseeral 
reflexes; 11. P; 12. P; 13. S; 

14. P;15.S;16. S;17. P; 

18. S;19. S; 20. S;21.P; 22. S; 

23. P; 24. Even though most 
sympathetie postganglionie 
fibers are adrenergie, 
releasing norepinephrine, a 
few are eholinergie, releasing 


aeetyleholine. This distribntion 
of the eholinergie fibers by the 
sympathetie division provides 
a method of regnlating sweat 
gland seeretion and seleetively 
eontrolling blood flow to skeletal 
mnseles while redneing the flow 
to other tissnes in a body wall to 
maintain homeostasis. 


ehapter Revìew Questìons 


1 . preganglionie nenrons; 

2 . preganglionie fibers; 

3. sympathetie ganglion; 

4. ganglionie nenrons; 

5. postganglionie fibers; 

6 . parasympathetie ganglion; 

7. aeetyleholine; 8. norepinephrine; 
9. epinephrine; 10. false; 11 . true; 
12 . false; 13. false; 14. false; 

15. true; 16. e; 17. d; 18. a; 19. e; 
20. a; 21. e; 22. b; 23. a; 24. b; 

25. e; 26. a; 27. a; 28. Viseeral 
reflex ares include a reeeptor, 
a sensory neuron, a proeessing 
eenter of one or more 
internenrons, and two or more 
viseeral motor nenrons. Short 
reflexes bypass the CNS entirely, 
and eontrol very simple motor 
responses in one small part of 
a target organ. Long reflexes 
deliver information to the CNS 
along the dorsal roots of spinal 
nerves, within the sensory 
branehes of eranial nerves, and 
within the antonomie nerves 
that innervate viseeral effeetors. 
Long reflexes predominate and 
are responsible for eoordinating 
responses involving mnltiple 
organ systems. 29. There are 
many differenees between the 
somatie and antonomie nervons 
systems. Three of the differenees 
are the following: the somatie 
nervons system exerts eontrol 
only over skeletal muscle, while 
the autonomic nervons system 
eontrols smooth muscle, glands, 
eardiae muscle, and adipoeytes; 
somatie nervons system effeetor 
aetivity involves an upper 
motor neuron in the CNS and 
a lower motor neuron in the 
PNS, while antonomie nervons 
system effeetor aetivity involves 
an upper motor neuron in the 
CNS, and two lower motor 
nenrons in the PNS; and the 


somatie nervons system uses 
only ACh at its target organ, 
while the antonomie nervons 
system uses ACh, epinephrine, 
and norepinephrine. 30. The 
eranial nerves assoeiated with 
the parasympathetie division are 
eranial nerves III, VII, IX, and X. 
The saeral nerves assoeiated with 
the parasympathetie division are 
S^, S 3 , and S^. 


ehapter Integratìon 


1. The parasympathetie division 
of the antonomie nervons 
system wouId be affeeted if 
muscarinic reeeptors were 
bloeked. 2. Bloeking mnsearinie 
reeeptors would bloek the 
neurotransmitter aeetyleholine 
(ACh). 3. Mnsearinie reeeptors 
are eholinergie reeeptors 
beeanse they bind with ACh. 

If seopolamine bloeks ACh, it 
would therefore be deseribed as 
an antieholinergie drug. 4. ACh 
is the solitary neurotransmitter 
of the parasympathetie nervons 
system. If ACh is bloeked while 
wearing this pateh, Andrew is 
likely to experience a deerease in 
the “rest and digest” aetivities of 
the PNS. He is likely to experience 
dry eyes as a result of deereased 
laerimal gland seeretion, a 
dry mouth from deereased 
salivary gland seeretion, dilated 
pupils due to pupil eonstrietion 
inhibition, and blnrred near 
vision as aeeommodation of the 
lens for elose vision is deereased. 

5. Epinephrine would be more 
effeetive because it binds to the 
beta -2 reeeptors of the smooth 
mnseles surrounding the airways, 
resnlting in their relaxation and 
airway dilation, thus making it 
easier for Gregor to breathe. 

6 . A deerease in blood pressnre 
would stimulate baroreeeptors 
in the earotid sinus and aortie 
sinus to relay information to the 
eardiae and vasomotor eenters 
in the mednlla oblongata. These 
eenters respond by inereasing 
sympathetie impnlses that initiate 
two eomplementary sympathetie 
viseeral reflexes. The eardiae 
eenters inerease the heart rate 
and foree of eontraetion, and 
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the vasomotor eenter ehanges 
the diameter of peripheral blood 
vessels to inerease blood pressnre. 


GHAPTERIS 

Module Revievvs 


Modale 15.1 Revìew 

a. The speeial senses originate at 
reeeptor eells that may be nenrons 
or speeialized reeeptor eells 
that eommnnieate with sensory 
nenrons. b. A generator potential 
is the depolarization of speeialized 
sensory nenrons. e. The origin 
of the other senses differs from 
olfaetion in that their reeeptors 
have inexcitable membranes that 
generate graded potentials, not 
aetion potentials. 

Module 15.2 Revìew 

a. Olfaetion—the sense of smell— 
involves olfaetory reeeptors 

in paired olfaetory organs 
responding to ehemieal stimnli. 

b. The nenrons assoeiated with 
olfaetion that are eontinnally 
regenerated are olfaetory reeeptor 
eells. New reeeptor eells are 
prodneed by the division and 
differentiation of basal (stem) 
eells. e. Axons from the olfaetory 
epithelinm eolleet into bnndles 
that synapse in the olfaetory bulb. 
Axons leaving the olfaetory bulb 
then travel along the olfaetory 
traet to the olfaetory cortex, 
hypothalamns, and portions 

of the limbie system. 

Module 15.3 Revìew 

a. Gnstation is the sense of taste, 
provided by taste reeeptors 
responding to ehemieal stimnli. 

b. Filiform papillae are slender 
eonieal projeetions on the 
snperior snrfaee of the tongue. 
They provide frietion for the 
tongue to move objeets in 
the mouth, but they do not 
eontain taste buds. e. Taste 
reeeptors respond more readily 
to nnpleasant than to pleasant 
stimnli. Therefore we are more 
sensitive to bitter and sour 
sensations than to sweet and 
salty sensations. Such sensitivity 
has snrvival value by helping us 


avoid substances such as aeids that 
may harm mucous membranes, 
and bitter-tasting biologieal 
toxins. 

Module 15.4 Revìew 

a. Gustducins are G proteins— 
protein complexes that use 
seeond messengers to prodnee 
effeets—that are assoeiated 
with sweet, bitter, and umami 
sensations. b. The eranial nerves 
that earry gnstatory information 
are the faeial nerve (VII), 
glossopharyngeal nerve (IX), and 
vagus nerve (X). e. The gnstatory 
pathway: taste reeeptors ^ faeial 
nerve (VII), glossopharyngeal 
nerve (IX), and vagus nerve (X) 

^ synapse in solitary nucleus 
of medulla oblongata ^ medial 
lemnisens ^ synapse in thalamns 
^ primary sensory cortex. 

Module 15.5 Revìew 

a. In olfaetion and gnstation the 
reeeptor eells are exposed to 
the external environment and 
eommnnieate with the GNS. 

By eontrast, in equilibrium 
and hearing the reeeptors are 
isolated within the internal ear 
and proteeted from the external 
environment. b. The internal 
ear reeeptors are ealled hair eells 
beeanse their free snrfaees are 
eovered with speeialized proeesses 
similar to eilia and mierovilli. 
Gertain hair eells eontain a 
kinoeilinm (a single large cilium) 
and many stereoeilia. e. The 
internal ear ean respond to gravity 
and aeeeleration, rotation, or 
sound, depending on which region 
is stimnlated. 

Module 15.6 Revìew 

a. External ear infeetions are 
relatively nneommon beeanse 
the skin in the external aeonstie 
meatus eontains glands that 
seerete eernmen (ear wax), which 
inhibits mierobial growth. 

b. The bones in the middle ear 
are the mallens, incus, and stapes. 
e. The anditory tube (also ealled 
the pharyngotympanie tube or 
eustachian tube) eonneets the 
nasopharynx with the middle ear 
and permits pressnre equalization 
on either side of the tympanie 
membrane. 


Module 15.7 Revìew 

a. The bony labyrinth is eomposed 
of semieirenlar eanals enelosing 
the semieirenlar ducts, the 
vestibule, and the eoehlea. b. The 
semieirenlar eanals are part of 
the bony labyrinth and the eanals 
surround the semieirenlar ducts, 
which are part of the membranous 
labyrinth. e. Within the membranons 
labyrinth, reeeptors in the vestibnle 
respond to gravity or linear 
aeeeleration, reeeptors in the 
semieirenlar ducts respond only 
to rotation, and reeeptors in the 
eoehlear duct respond only to 
sound. 

Module 15.8 Revíew 

a. Damage to the cupula of the 
lateral semicircular duct would 
interfere with the pereeption of 
horizontal rotation of the head. 

b. Otoliths are densely paeked 
ealeinm earbonate erystals that 
sit upon the gelatinons otolithie 
membrane in the maenlae. 

e. Reeeptors in the saeenle and 
ntriele provide sensations of 
gravity and linear aeeeleration. 

Module 15.9 Revìew 

a. The organ of Gorti is loeated in 
the eoehlea of the internal ear. 

b. Perilymph fills the seala 
vestibnli and the seala tympani, 
and endolymph fills the eoehlear 
duct. e. When the basilar 
membrane moves in response 
to pressnre ehanges in the 
perilymph, the hair eells of the 
organ of Gorti press against the 
teetorial membrane. 

Module 15.10 Revìew 

a. A deeibel is the unit of 
measnrement for the intensity 
of sound. b. Sound waves enter 
the external aeonstie meatus ^ 
tympanie membrane ^ anditory 
ossieles ^ oval window ^ basilar 
membrane ^ round window of 
seala tympani ^ hair eells vibrate 
against teetorial membrane ^ 
information relayed to GNS by 
eoehlear braneh of eranial nerve 
VIII. e. If the round window could 
not move, the perilymph would 
not be moved by the vibration 
of the stapes at the oval window; 
this would reduce or eliminate the 
pereeption of sound. 


Module 15.11 Revìew 

a. The hair eell reeeptors for 
equilibrium are in the vestibnle 
and the semieirenlar ducts. 

b. Granial nerves III, IV, VI, and 
XI are involved with eye, head, 
and neek movements. e. The 
reflexive response to a loud noise 
is to turn your head and eyes 
toward the source of the noise. 

Module 15.12 Revìew 

a. The first structures that 
form in eye development are 
the optie vesieles. b. The retina 
develops from the inner and outer 
layers of the optie cup. e. The 
ependymal eells of the outer layer 
of the optie cup develop into the 
photoreeeptors. 

Module 15.13 Revìew 

a. Aeeessory structures assoeiated 
with the eye include the eyelids 
(palpebrae), eyelashes, medial 
canthus, eornea, lateral eanthns, 
laerimal earnnele, eonjnnetiva, 
tarsal glands, and laerimal 
apparatns. b. The eonjnnetiva is 
the first layer of the eye that would 
be affeeted by inadequate tear 
production. e. Conjunctivitis, or 
pinkeye, is inflammation of the 
eonjnnetiva, generally caused 
by a pathogenie infeetion or by 
physieal, allergie, or ehemieal 
irritation of the eonjnnetival 
snrfaee. The most obvions 
sign of eonjnnetivitis, redness, 
resnlts from the dilation of blood 
vessels deep to the eonjnnetival 
epithelinm. 

Module 15.14 Revìew 

a. The layers (tunics) of the eye 
are the fibrons layer, the vasenlar 
layer (uvea), and the inner layer 
(retina). b. The eolor of eyes is 
largely determined by the density 
and distribntion of melanoeytes 
in the iris. e. Aqueous humor 
is found in the anterior eavity, 
between the eornea and the lens, 
and in the posterior eavity where 
it is ealled vitreons humor. 

Module 15.15 Revìew 

a. The eornea does not eontain 
blood vessels. b. Light passes 
throngh the eornea, aqueous 
humor, pupil of the iris, lens, 
and the gelatinons vitreons body 
(eontaining vitreons humor) 
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before arriving at the retina. 
c. When light intensity deereases, 
sympathetie stimnlation eanses 
the pnpillary dilator mnseles 
to eontraet, resnlting in dilated 
(enlarged) pnpils. 

Modale 15.16 Revìew 

a. The foeal point is the point at 
which the light rays from an objeet 
interseet on the retina. b. When 
the eiliary mnseles are relaxed, 
you are viewing something in 
the distanee. e. The near point of 
vision typieally inereases with age 
because the elastieity of the lens 
tends to deerease with age. 

Module 15.17 Revìew 

a. Rods are more numerous than 
eones, are responsible for vision 
in dim light, and provide poorer 
visual acuity than eones. Gones 
provide eolor vision and require 
more intense light than rods. 

b. When you enter a dimly lit 
room, you are unlikely to be able 
to see at all. The low-intensity 
light in the room would be 
focused on the fovea, which 
eontains only eones, which eannot 
be stimnlated by low-intensity 
light. e. If you had been born 
without eones, you would still be 
able to see—so long as you had 
functioning rods—but you would 
see in blaek and white only, and 
with redneed visual acuity. 

Module 15.18 Revìew 

a. A photoreeeptor is made up 
of an outer segment and inner 
segment. The tip of the outer 
segment is enelosed by pigment 
epithelial eells. The outer segment 
eontains flattened membranons 
dises eontaining visual pigment 
moleenles sensitive to photons of 
light. The inner segment eontains 
the major organelles of the eell and 
it synapses with a bipolar eell. b. A 
dietary vitamin A defieieney would 
reduce the quantity of retinal 
the body could produce, thereby 
interfering with night vision. e. The 
three types of eones are blue eones, 
green eones, and red eones. 

Module 15.19 Revìew 

a. The visual pigments 
nndergo aetivation, bleaehing, 
and reassembly during 
photoreeeption. b. The two 


eonfignrations of retinal are 
the 11 -eis form and more linear 
11-trans form. e. ATP is required 
for eonverting 11-trans retinal 
baek to its original 11-ds form. 

Module 15.20 Revìew 

a. Optie radiation refers to the 
bnndles of projeetion fibers 
linking the lateral genienlate 
nuclei of the thalamus with the 
visual cortex in eaeh eerebral 
hemisphere. b. Visual images 
are pereeived in the visual cortex 
of the oeeipital lobes of the 
cerebrum. e. The visual pathway: 
photoreeeptors in the retina ^ 
bipolar eell ^ ganglion eell ^ 
axons from the popnlation of 
ganglion eells eonverge on optie 
dise ^ optie nerve (II) ^ optie 
ehiasm ^ optie traet ^ lateral 
genienlate nucleus ^ eollateral 
fibers to dieneephalon and brain 
stem, other eollateral fibers 
to snperior collicuIus, other 
eollateral fibers to oeeipital cortex 
of eerebral hemisphere. 

Module 15.21 Revìew 

a. Emmetropia is the term for 
normal vision. b. A eonverging 
lens (one with at least one 
convex snrfaee) is used to eorreet 
hyperopia. e. Two surgical 
procedures for eorreeting myopia 
and hyperopia are photorefraetive 
kerateetomy (PRK) and laser- 
assisted in-situ keratomileusis 
(LASIK). These procedures—both 
types of refraetive surgery— 
use lasers to sliee the eorneal 
epithelinm, thereby permanently 
reshaping the eornea. 

Module 15.22 Revìew 

a. Cranial nerves VII (faeial), IX 
(glossopharyngeal), and X (vagus) 
provide taste sensations from the 
tongue. b. Vertigo is caused by any 
eondition that alters the fnnetion 
of the internal ear reeeptor 
compIex, the vestibnlar braneh of 
the vestibnloeoehlear nerve, or 
sensory nuclei and pathways in the 
eentral nervons system. Gommon 
causes include motion siekness, 
excessive aleohol eonsnmption, 
and exposure to eertain drugs. 
e. Two eommon elasses of hearing- 
related disorders are eondnetive 
deafness and nerve deafness. 


Seetìon Revìews 


Seetìon 1 Revìew 

1. umami; 2. sour; 3. bitter; 

4. salty; 5. sweet; 6. vallate 
papillae; 7. foliate papillae; 

8 . fungiform papillae; 9. filiform 
papillae; 10. e; 11. i; 12. f; 

13. m; 14. a; 15. e; 16. k; 17. j; 

18.1;19. h; 20. g;21.b; 22. d; 

23. The olfaetory sensory 
reeeptor eells are speeialized 
nenrons whose eilia-shaped 
dendrites eontain reeeptor 
proteins. The binding of odorant 
moleenles to the reeeptor proteins 
resnlts in a depolarization of the 
reeeptor eell and the prodnetion 
of aetion potentials. In eontrast, 
the membranes of the sensory 
reeeptor eells for taste, vision, 
equilibrium, and hearing are 
inexcitable and do not generate 
aetion potentials. These eells 

all form synapses with the 
proeesses of sensory nenrons, 
which depolarize and prodnee 
aetion potentials when stimnlated 
by ehemieal transmitters 
(nenrotransmitters). 

Seetìon 2 Revìew 

I . external ear; 2. middle ear; 

3. internal ear; 4. anriele; 

5. external aeonstie meatus; 

6 . elastie eartilage; 7. tympanie 
membrane; 8. anditory ossieles 
(mallens, incus, and stapes); 

9. tympanie eavity; 10. petrons 
part of temporal bone; 

II. vestibnloeoehlear nerve (VIII); 
12 . eoehlea; 13. anditory tube; 

14. seala vestibuli; 15. vestibular 
membrane; 16. eoehlear duct; 

17. organ of Gorti; 18. basilar 
membrane; 19. seala tympani; 

20. spiral ganglion; 21. The rapid 
deseent in the elevator causes 
the otoliths in the macula of the 
saccule of eaeh vestibule to slide 
upward, producing the sensation 
of downward vertieal motion. 
When the elevator abrnptly 
stops, the otoliths do not. It takes 
a few seeonds for them to eome 
to rest in the normal position. As 
long as the otoliths are displaeed, 
you will pereeive movement. 

Seetìon 3 Revìew 

1 . posterior eavity; 2. ehoroid; 

3. fovea; 4. optie nerve; 5. optie 


dise; 6. retina; 7. selera; 8. fornix; 

9. palpebral eonjnnetiva; 

10 . ocular conjunctiva; 

11 . eiliary body; 12. iris; 13. lens; 
14. eornea; 15. eiliary zonule 
(suspensory ligaments); 16. ora 
serrata; 17.1; 18. k; 19. g; 20. h; 

21. o; 22. i; 23. f; 24. d; 25. n; 

26. m; 27. j; 28. b; 29. a; 30. e; 

31. e; 32. Light falling on the eye 
passes throngh the eornea and 
strikes the photoreeeptors of the 
retina, bleaehing (breaking down) 
many moleenles of the pigment 
rhodopsin into retinal and opsin. 
After an intense exposure to light, 
a photoreeeptor eannot respond 
to fnrther stimnlation until its 
rhodopsin moleenles have been 
regenerated by the eonversion 

of retinal moleenles to their 
original shape and reeombination 
with opsin moleenles. The 
“ghost” image remains until 
the rhodopsin moleenles are 
regenerated. 


ehapter Revìew Questìons 


1 . pigmented part of the retina; 

2. eentral retinal artery; 3. optie 
nerve; 4. eentral retinal vein; 

5. neural part of the retina; 

6 . optie dise (blind spot); 

7. ganglion eell; 8. selera; 

9. ehoroid; 10. false; 11. false; 

12 . true; 13. false; 14. true; 

15. true; 16. e; 17. b; 18. a; 

19. e; 20. b; 21. The four primary 
taste sensations are salt, sweet, 
sour, and bitter. The two other 
taste sensations that have been 
identified are umami and water. 

22. A eataraet is a eondition 
in which the lens loses its 
transpareney. This ean be caused 
by injury, radiation, or a reaetion 
to drugs. Senile eataraets are a 
natnral consequence of aging 
and are the most eommon form. 
Gataraets may be treated with 
snrgery, which involves removing 
the lens and then replaeing it with 
an artifieial substitute. Vision 
is then refined with glasses or 
eontaet lenses. 23. Otitis media 
is a middle ear infeetion caused 
by mieroorganisms traveling 
along the anditory tube from 
the nasopharynx to the 
middle ear. 
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ehapter Integratìon 


1. Myopia is the medieal term 
for nearsightedness; people with 
myopia are able to see nearby 
objeets elearly, but distant objeets 
appear blurry or fuzzy. Henee, 

Mr. Drnmmond would have 
difficulty seeing while driving. 

2. Mr. Drnmmond will likely 
have a follow-up visit with an 
optometrist or ophthalmologist, 

I who will preseribe speetaele 
lenses (glasses) or eontaet lenses 
to alleviate the myopia and restore 
his distanee sight to normal, or 
near-normal, vision. 3. Vertigo 
is another term for dizziness and 
is generally assoeiated with a 
problem in the internal ear. The 
movement of Mr. Drnmmond s 
arms while standing still provided 
evidenee that there may be a 
problem with his equilibrium 
eenters (saeenle and ntriele). 
Often, inflammation due to 
infeetion or a eold affeets the 
internal ear (or eranial nerve VIII) 
and causes vertigo. 4. When 
Mr. Drnmmond eloses his eyes, 
he does not have any visual cues, 
so his brain must rely solely 
on proprioeeption (the sense 
of relative position of body 
parts) and information from the 
equilibrium eenters of the internal 
ear to maintain normal postnre. 
Beeanse either the internal ear 
reeeptors or the sensory nerves 
are not fnnetioning normally, he 
is nnstable. 5. The most likely 
reason for Mr. Drnmmond s arms 
to drift to the left is that he is 
getting inappropriate sensations 
from equilibrium reeeptors, either 
at the maculae (affeeting his 
ability to determine which way is 
“down”) or at one of the horizontal 
semieirenlar ducts (making him 
attempt to eompensate for a 
pereeived roll to the right). 

6 . Daniel is experiencing nerve 
deafness caused by his ehronie 
exposure to loud sounds. This 
type of deafness ean be caused by 
a single exposure to an extremely 
loud sound (as in a bomb blast), 
or by long-term exposure to 
sounds above 90 dB. 7. Within 
Daniels eoehlea, the stereoeilia 
in the hair eells of the organ of 


Gorti are most likely damaged. 
While he is likely to be eondneting 
sound waves from his tympanie 
membrane, anditory ossieles, 
and perilymph, the hair eells are 
not generating aetion potentials 
along the spiral ganglion to the 
eoehlear braneh of eranial nerve 
VIII. It is also possible that the 
nerve itself has been damaged as 
a result of Daniels exposure to 
loud sounds. 8 . It is not likely that 
Daniel will ever regain his hearing 
beeanse the hair eells of the organ 
of Gorti, the spiral ganglion, and 
eranial nerve VIII do not have the 
eapaeity to regenerate. 


CHAPTER16 

Module Revievvs 


IVIodale 16.1 Revìew 

a. Paraerine eommnnieation is 
by the release of paraerine faetors 
into the extracellular fluid, and is 
limited to a loeal area. Endoerine 
eommnnieation is by the release of 
hormones into the bloodstream, 
and it ean target eells beyond 
the loeal area. b. The nervons 
system eommnnieates with 
nenrotransmitters, whereas the 
endoerine system eommnnieates 
with hormones. e. The eommon 
goal of both the nervons and 
endoerine systems is to preserve 
homeostasis by eoordinating and 
regnlating the aetivities of other 
eells, tissnes, organs, and organ 
systems. 

IVIodule 16.2 Revíew 

a. The structural elasses of 
hormones are (1) amino aeid 
derivatives (thyroid hormones, 
eateeholamines, and tryptophan 
derivatives); (2) peptide 
hormones (glyeoproteins or short 
polypeptide ehains), which are 
ehains of amino aeids that are 
synthesized as prohormones; and 

(3) lipid derivatives (eieosanoids 
and steroid hormones), which 
eontain earbon rings and side 
ehains that are built from fatty 
aeids or eholesterol. b. The 
endoerine system is one of several 
body systems that inelndes 
organs whose primary fnnetion 


is the prodnetion of hormones 
or paraerine faetors, which are 
ehemieal seeretions that are 
transported by the extracellular 
fluid or bloodstream to target 
eells in other sites within the 
body. e. Organs of the endoerine 
system are the hypothalamns, 
pitnitary gland, thyroid gland, 
adrenal glands, panereas 
(panereatie islets), pineal gland, 
and parathyroid glands. Organs of 
other systems that have endoerine 
fnnetions are the heart, thymus, 
digestive traet, kidneys, and 
gonads. 

IVIodule 16.3 Revìew 

a. A hormone reeeptor is a protein 
moleenle, loeated either on the 
plasma membrane or inside 
the eell, that binds to a speeifie 
hormone. b. A first messenger 
is a hormone whose binding to 
a protein reeeptor in the plasma 
membrane gives rise to a seeond 
messenger in the eytoplasm. 

A seeond messenger ehanges 
the rate of varions metabolie 
reaetions by aeting as an enzyme 
aetivator, an enzyme inhibitor, or 
a eofaetor. e. Steroid hormones 
diffnse aeross the plasma 
membrane and bind to reeeptors 
in the eytoplasm. 

IVIodule 16.4 Revìew 

a. A regnlatory hormone is 
a hormone seereted by the 
hypothalamns that eontrols 
endoerine eells in the anterior lobe 
of the pitnitary gland. b. The three 
meehanisms of hypothalamie 
integration of neural and 
endoerine fnnetion are (1) 
seeretion of antidinretie hormone 
(ADH) and oxytocin (OXT), (2) 
seeretion of regnlatory hormones 
that eontrol aetivity of the anterior 
lobe of the pitnitary gland, and 
(3) neural (sympathetie) eontrol 
over the endoerine eells of the 
adrenal mednllae. e. The blood 
vessels of the hypophyseal portal 
system link the hypothalamns 
and anterior lobe of the pitnitary 
gland. Unusually permeable 
fenestrated eapillary beds in eaeh 
structure are eonneeted by portal 
vessels. This arrangement ensnres 
that hypothalamie regnlatory 
hormones reaeh the “downstream” 


endoerine eells of the anterior 
lobe direetly, before mixing with, 
and being dilnted by, the general 
eirenlation. 

IVIodule 16.5 Revìew 

a. The two lobes of the pitnitary 
gland are the anterior lobe 
and the posterior lobe. b. The 
hormones prodneed and 
released by the anterior lobe 
of the pitnitary gland are 
(1) thyroid-stimnlating hormone 
(TSH), which targets the thyroid 
gland; (2) adrenoeortieotropie 
hormone (ACTH), which targets 
the adrenal cortex; (3) folliele- 
stimnlating hormone (FSH) and 

(4) Inteinizing hormone (LH), 
which target the testes in males 
and the ovaries in females; 

(5) growth hormone (GH), which 
targets liver eells (which respond 
by synthesizing somatomedins); 

(6) prolaetin (PRL), which targets 
mammary glands in females; and 

(7) melanoeyte-stimnlating 
hormone (MSH), which targets 
melanoeytes in the skin. 
Hormones released by the 
posterior lobe of the pitnitary 
gland are (8) oxytocin (OXT), 
which targets the uterus and 
mammary glands; and 

(9) antidinretie hormone (ADH), 
which targets the kidneys. e. In 
a person who is dehydrated, the 
amount of ADH released by the 
posterior lobe of the pitnitary 
gland inereases in response to 
inereased blood osmotie pressnre 
resnlting from an inerease in 
solute eoneentration. 

IVIodule 16.6 Revìew 

a. The hypothalamie releasing 
hormones are eortieotropin- 
releasing hormone (CRH), 
thyrotropin-releasing hormone 
(TRH), growth hormone- 
releasing hormone (GH-RH), 
prolaetin-releasing faetor 
(PRF), and gonadotropin- 
releasing hormone (GnRH). 

b. Somatomedins mediate the 
aetion of growth hormone 
(GH). inereased levels of GH 
typieally aeeompany inereased 
levels of somatomedins. 

e. inereased eirenlating levels of 
glneoeortieoids inhibit the release 
of CRH by the hypothalamns. 


AN-30 







The laek of CRH deereases the 
seeretion of ACTH from the 
pitnitary gland, so ACTH levels 
would deerease. 

Modale 16.7 Revìew 

a. The hormones of the thyroid 
gland are thyroxine (T^), 
triiodothyronine (T^), and 
ealeitonin. b. Calcitonin aids in 
calcium regulation. e. Most of 
the body s reserves of the thyroid 
hormone, thyroxine (TJ, are 
bound to transport proteins in 
the bloodstream ealled thyroid- 
binding globnlins. Beeanse these 
eomponnds represent such a 
large reserve of thyroxine, it 
takes several days after removal 
of the thyroid gland for blood 
levels of thyroxine to deerease. 

Module 16.8 Revíew 

a. The parathyroid glands are 
embedded in the posterior 
snrfaees of the lateral lobes of 
the thyroid gland. b. Parathyroid 
hormone (PTH) inereases blood 
ealeinm levels by deereasing 
ealeinm deposition in bones, 
by inereasing reabsorption of 
ealeinm from the blood by the 
kidneys, and by inereasing the 
prodnetion of ealeitriol by the 
kidneys. e. Deereased blood 
ealeinm levels result in inereased 
seeretion of PTH. 

Module 16.9 Review 

a. The two regions of an 
adrenal gland are the cortex 
and mednlla. The cortex 
seeretes mineraloeortieoids, 
primarily aldosterone; 
glneoeortieoids, mainly 
eortisol (or hydroeortisone) 
and eortieosterone; and 
androgens. The mednlla seeretes 
epinephrine and norepinephrine. 

b. The three zones of the 
adrenal cortex are the zona 
glomernlosa, zona faseienlata, 
and zona retienlaris. e. inereased 
eortisol levels would result in 
inereased blood glneose levels, 
beeanse eortisol deereases the 
use of glucose by eells while 
inereasing both the available 
glneose (by promoting the 
breakdown of glyeogen) and the 
eonversion rate of amino aeids to 
earbohydrates. 


Module 16.10 Revìew 

a. The types of eells in the 
panereatie islets (and their 
hormones) are alpha eells 
(glneagon), beta eells (insnlin), 
delta eells (GH-IH), and F eells 
(panereatie polypeptide, or 
PP). b. Insnlin seeretion lowers 
blood glneose eoneentrations. 
e. inereased levels of glneagon 
stimnlate the eonversion of 
glyeogen to glneose in the liver, 
which in turn deereases the amount 
of glyeogen stored in the liver. 

Module 16.11 Revlew 

a. The hormone-seereting eells of 
the pineal gland are pinealoeytes. 

b. Melatonin seeretion is 
inflneneed by eireadian rhythms, 
the daily ehanges in physiologieal 
proeesses that folIow a regnlar 
day/night pattern. inereased 
amonnts of light wouId inhibit 
the prodnetion (and release) 

of melatonin from the pineal 
gland, which reeeives neural 
input eoneerning the presenee 
of light or darkness from visual 
pathway eollaterals. e. In humans, 
melatonin may affeet the timing of 
sexual maturation, proteet against 
free radieal damage, and maintain 
eireadian rhythms. 

Module 16.12 Revìew 

a. Diabetes mellitns is an endoerine 
disorder eharaeterized by elevated 
blood glneose levels resnlting from 
inadequate insulin prodnetion 
or diminished eell sensitivity to 
insnlin. b. The two types of diabetes 
mellitns are Type 1, eharaeterized 
by inadequate insulin prodnetion by 
the panereatie beta eells, and Type 2, 
eharaeterized by insnlin resistanee 
(failnre of the body to use insulin 
properly). e. Some elinieal problems 
assoeiated with diabetes mellitns 
are diabetie retinopathy, bloekages 
in heart eirenlation and inereased 
risk for heart attaek, diabetie 
nephropathy, diabetie nenropathy, 
and deereased blood flow to the 
distal portions of the limbs. 

Module 16.13 Revìew 

a. The hormones in a negative 
feedbaek meehanism have 
antagonistie effeets. b. A 
synergistie effeet is when two 
hormones have an additive effeet 


so that the net result is greater 
than the effeet eaeh would produce 
alone. e. Hormones prodneing 
different but eomplementary 
effeets are deseribed as having 
integrative effeets. 

Module 16.14 Revìew 

a. The heart seeretes natrinretie 
peptides, and the kidneys release 
erythropoietin. b. When renin 
is released into the bloodstream, 
it fnnetions as an enzyme that 
aetivates the renin-angiotensin- 
aldosterone system, which 
nltimately causes blood pressure 
to inerease. e. Hormones 
neeessary for normal growth and 
development inelnde GH, thyroid 
hormones, insnlin, PTH, ealeitriol, 
and reprodnetive hormones. 

Module 16.15 Revìew 

a. The three phases of the stress 
response are the alarm phase, 
the resistanee phase, and the 
exhaustion phase. b. The resistanee 
phase is eharaeterized by long- 
term metabolie adjnstments, 
inelnding mobilization of 
remaining energy reserves, 
eonservation of glneose, inereased 
blood glneose eoneentrations, and 
eonservation of salts and water 
eonpled with the loss of and 
H^. e. The eollapse ofvital systems 
occurs during the exhaustion phase 
of the stress response (general 
adaptation syndrome). 

Module 16.16 Revìew 

a. The prefix hyper- refers 

to excessive hormone prodnetion, 
whereas hypo- refers to 
inadequate hormone prodnetion. 

b. Three eommon causes of 
hormone hyposeeretion are 
metabolie faetors, physieal 
damage, and eongenital 
disorders. e. Aldosteronism is 
eharaeterized by inereased body 
weight due to Na^ and water 
retention and a low blood 
eoneentration. 


Seetìon Revìews 


Seetìon 1 Revìew 

1 . eateeholamines; 2 . thyroid 
hormones; 3. tryptophan 
derivatives; 4. peptide hormones; 
5. short polypeptides; 


6 . glyeoproteins; 7. small proteins; 

8 . lipid derivatives; 9. eieosanoids; 
10 . steroid hormones; 11. transport 
proteins; 12. e; 13. e; 14. f; 15. g; 

16. j;17. h;18.b;19. i; 20. a; 

21. d; 22. thymus; 23. pineal 
gland; 24. panereatie islet; 

25. hypothalamns; 26. kidney; 

27. adrenal gland; 28. pitnitary 
gland; 29. gonad 

Seetìon 2 Review 

1 . release of natrinretie peptides; 

2. snppression of thirst; 3. Na^ 
and H^O loss from kidneys; 

4. deereased blood pressnre; 

5. inereased fluid loss; 

6 . deereasing blood pressnre 
and volume; 7. erythropoietin 
released; 8. renin released; 

9. inereased red blood eell 
prodnetion; 10. aldosterone 
seereted; 11. ADH seereted; 

12 . inereasing blood pressnre and 
volume; 13. e; 14. g; 15. a; 16. e; 

17. j;18. d;19. i; 20. b;21.f; 

22. h; 23. (1) The two hormones 
may have opposing or antagonistie 
effeets, such as occurs between 
insnlin (deereases blood glneose 
levels) and glneagon (inereases 
blood glneose levels). (2) The two 
hormones may have an additive 
or synergistie effeet, in which the 
net result is greater than the sum 
of eaeh aeting alone. An example 
is the enhaneed glneose-sparing 
aetion of GH in the presenee 

of glneoeortieoids. (3) One 
hormone may have a permissive 
effeet on another, in which the 
first hormone is needed for the 
seeond hormone to prodnee its 
effeet. For example, epinephrine 
eannot alter the rate of tissue 
energy eonsnmption without the 
presenee of thyroid hormones. 

(4) The hormones may have 
integrative effeets, in which the 
hormones may prodnee different 
but eomplementary resnlts in 
speeifie tissnes and organs. An 
example is the differing effeets 
of ealeitriol and parathyroid 
hormone (PTH) on tissnes 
involved in ealeinm metabolism; 
ealeitriol inereases ealeinm ion 
absorption by the intestinal traet, 
and PTH inhibits osteoblast 
aetivity and enhanees ealeinm ion 
reabsorption by the kidneys. 
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A N S W E R S 


ehapter Revìew Questìons 


I . true; 2. false; 3. true; 

4. false; 5. false; 6. eortieotropin- 
releasing hormone (CRH); 

7. thyrotropin-releasing hormone 
(TRH); 8 . growth hormone- 
releasing hormone (GH-RH); 

9. growth hormone-inhibiting 
hormone (GH-IH); 10. prolaetin- 
releasing faetor (PRF); 

II . prolaetin-inhibiting hormone 

I (PIH); 12 . gonadotropin- 
releasing hormone (GnRH); 

13. adrenoeortieotropie hormone 
(AGTH); 14. glneoeortieoids 
(steroid hormones); 15. thyroid- 
stimnlating hormone (TSH); 

16. thyroid hormones; 

17. growth hormone (GH); 

18. somatomedins; 19. prolaetin 
(PRL); 20. folliele-stimnlating 
hormone (FSH); 21. Inteinizing 
hormone (LH); 22. inhibin; 

23. testosterone; 24. estrogen; 

25. progesterone; 26. inhibin; 

27. melano ey te- stimnlating 
hormone; 28. oxytocin (OXT); 

29. antidinretie hormone (ADH); 
30. b; 31 . d; 32. d; 33. a; 34. b; 

35. d; 36. The kidney releases 
hormones that fnnetion to 
regnlate red blood eell prodnetion 
and the rate of ealeinm and 
phosphate absorption by the 
intestinal traet. 37. Galeitonin 
deereases blood ealeinm levels. 
Parathyroid hormone inereases 
blood ealeinm levels. 


ehapter Integratìon 


1 . Sherry s physieian snspeeted 
hyperthyroidism beeanse she 
exhibited the elassie signs and 
symptoms of the eondition: 
restlessness, anxiety, irritability, 
diffienlty sleeping, diarrhea, 
weight loss, rapid heart rate, and 
tremors. 2. Hyperthyroidism is 
the excess prodnetion of T^, T^, 
or both, by the thyroid gland. 
Excess thyroid hormone resnlts in 
a rapid heartbeat and an inereased 
metabolie rate, among other 
elinieal signs and symptoms. 

3. Sherry s physieian could 
order blood tests to assay the 
levels of TSH, T^, and T^. Resnlts 
eonfirming hyperthyroidism are 
lower-than-normal TSH levels 


and elevated T_ and T^ levels. 

Her physieian could also 
determine whether her eondition 
is primary hyperthyroidism (a 
problem with the thyroid gland) 
or seeondary hyperthyroidism 
(a problem with hypothalamie- 
pitnitary eontrol of the thyroid 
gland). 4. Sherry s signs and 
symptoms indieating nervons 
system involvement inelnde 
tremors and anxiety. 


CHAPTER17 

Module Revievvs 


Module17.1 Revíew 

a. The eomponents of the 
eardiovasenlar system are the 
heart, blood vessels, and blood. 

b. Arteries earry blood away 
from the heart to the eapillaries. 
Gapillaries allow diffnsion 
between blood and the interstitial 
fluids, and veins earry blood from 
eapillaries to the heart. e. Blood 
fnnetions to transport dissolved 
gases, nntrients, hormones, and 
metabolie wastes; regnlate pH 
and ion eomposition of interstitial 
fluids; restriet fluid loss at injury 
sites; defend against toxins and 
pathogens; and stabilize body 
temperatnre. 

Module 17.2 Revìew 

a. Whole blood is eomposed of 
plasma (which eontains albnmins, 
globnlins, fibrinogen, eleetrolytes, 
organie nntrients, and organie 
wastes) and formed elements 
(which are platelets, white blood 
eells, and red blood eells). White 
blood eells inelnde nentrophils, 
eosinophils, basophils, 
lymphoeytes, and monoeytes. 

b. The hematoerit, also ealled 
the paeked eell volume, is the 
pereentage of formed elements in 
a sample of whole blood. e. During 
an infeetion, you would expect 
the level of immunoglobulins 
(antibodies) in the blood to be 
elevated. 

Module 17.3 Revìew 

a. A hematopoietie stem eell 
(hemoeytoblast) is a mnltipotent 
stem eell whose divisions prodnee 


lymphoid and myeloid stem eells, 
which divide to form eaeh of the 
varions popnlations of blood 
eells. b. Platelets develop from 
megakaryoeytes. These large eells 
shed their eytoplasm in small, 
membrane-enelosed paekets. 
These paekets are the platelets 
that enter the bloodstream. 
e. Lymphoid stem eells originate 
in the red bone marrow and give 
rise to lymphoeytes; these stem 
eells also prodnee lymphoeytes 
in the thymus, spleen, and lymph 
nodes. Myeloid stem eells are eells 
in red bone marrow that give rise 
to all the formed elements except 
lymphoeytes. 

Module 17.4 Revìew 

a. Hematology is the medieal 
study of blood, blood-producing 
organs, and blood disorders. 

b. A eomplete blood count (CBC) 
is a diagnostie blood test used to 
determine nnderlying medieal 
eonditions. A CBC inelndes 

the RBC count, WBC count, 
erythroeyte indiees (such as 
hemoglobin eontent), hematoerit, 
platelet count, and WBC 
differential count. e. A patient 
with a depressed hematoerit level 
would have anemia. 

Module 17.5 Revìew 

a. Rouleaux are staeks of red 
blood eells. b. Hemoglobin is 
a protein—eomposed of four 
globular subunits, eaeh bound to a 
heme moleenle—that gives RBCs 
the ability to transport oxygen 
in the blood. e. Oxyhemoglobin 
is hemoglobin whose iron has 
bound oxygen; it is bright red. 
Deoxyhemoglobin is hemoglobin 
whose iron has not bound oxygen; 
it is dark red. 

Module 17.6 Revìew 

a. Hemolysis is the rupture 
of red blood eells; it results in 
the release of hemoglobin. 

b. After the removal of iron 
within maerophages, heme is 
eonverted into biliverdin, which 
is then eonverted to bilirnbin. In 
the large intestine, bilirnbin is 
eonverted to either stereobilins, 
which are eliminated in the feees, 
or nrobilins, which are eliminated 
in the feees or in urine. e. Bilirnbin 


would accumulate in the blood 
and prodnee janndiee. This 
eondition occurs because diseases 
that damage the liver impair its 
ability to excrete bilirubin in the 
bile. 

Module 17.7 Revìew 

a. Snrfaee antigens on RBCs 
are glyeolipids in the plasma 
membrane; they determine 
blood type. b. Only type 0“ 
blood ean be safely transfnsed 
into a person whose blood type 
is 0“. e. A person with type A 
blood also has anti-B antibodies, 
so if they reeeived a transfnsion 
of type B blood, the transfnsed 
red blood eells would clump, or 
agglutinate, potentially bloeking 
blood flow to varions organs and 
tissnes. 

Module 17.8 Revíew 

a. Hemolytie disease of the 
newborn (HDN) is a eondition 
in which maternal antibodies 
attaek and destroy fetal red blood 
eells, resnlting in fetal anemia; it 
occurs in a sensitized Rh“ mother 
who is earrying an Rh+ fetus. 

b. When RhoGAM (which 
eontains anti-Rh antibodies) is 
injeeted into a pregnant Rh“ 
woman, the anti-Rh antibodies 
eirenlate in the mother s 
bloodstream, where they destroy 
any fetal RBCs there. This 
prevents the mother s immune 
system from making antibodies 
against the developing fetus s red 
blood eells. e. An Rh^ mother 
earrying an Rh“ fetus does not 
require a RhoGAM injeetion 
beeanse the fetus is not at risk 
of Rh ineompatibility. The fetus 
is not at risk beeanse its RBCs 
laek Rh snrfaee antigens, and the 
mother s plasma laeks anti-Rh 
antibodies. 

Module 17.9 Revíew 

a. The five types of white blood 
eells are nentrophils, eosinophils, 
basophils, monoeytes, and 
lymphoeytes. b. An infeeted cut 
would eontain a large number of 
neutrophils, phagoeytie white 
blood eells that are generally the 
first to arrive at the site of an 
injury. e. Basophils enter damaged 
tissnes and release a variety of 
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ehemieals, including histamine, 
which promotes inflammation. 

Module 17.10 Revìew 

a. Hemostasis is the stoppage 
of blood flow. It involves three 
phases: the vascular phase, 
the platelet phase, and the 
eoagnlation phase. b. During 
the vasenlar phase, loeal blood 
vessel eonstrietion (vasenlar 
spasm) occurs at the injury site. 

In the platelet phase, platelets are 
aetivated, aggregate at the site, 
and adhere to damaged blood 
vessel snrfaees. In the eoagnlation 
phase, faetors released by platelets 
and endothelial eells interaet with 
elotting faetors (throngh either 
the extrinsic pathway, the intrinsie 
pathway, or the eommon pathway) 
to form a blood elot, a proeess 
involving the eonversion of solnble 
fibrinogen to insolnble fibers of 
fibrin. e. The eorreet sequence for 
the events in hemostasis and elot 
dissolntion is (1) vasenlar spasm, 
(2) platelet phase, (3) eoagnlation, 
(4) retraetion, and (5) fibrinolysis. 

Module 17.11 Revìew 

a. Venipuncture is the piereing of 
a vein to obtain a blood sample. 

b. Pernieions anemia is 
insnffieient red blood eell 
prodnetion that resnlts from a laek 
of vitamin the blood eells that 
do develop tend to be maeroeytie 
(abnormally large) and abnormally 
shaped. Iron defieieney anemia 
resnlts when the dietary intake or 
absorption of iron is insnffieient, 
impairing normal hemoglobin 
synthesis; these blood eells are 
mieroeytie (abnormally small). 

e. The two types of lenkemia are 
myeloid lenkemia and lymphoid 
lenkemia. 


Seetìon Revìews 


Seetìon 1 Revìew 
1. f; 2.1; 3. j; 4. o; 5. b; 6. g; 7. a; 

8. i; 9. k; 10. m; 11. n; 12. e; 13. e; 
14. h;15.d 

Seetìon 2 Revìew 

1. plasma; 2. water; 3. solntes; 

4. proteins; 5. eleetrolytes, glneose, 
urea; 6. albumins; 7. globnlins; 

8. fibrinogen; 9. formed elements; 
10. erythroeytes; 11. lenkoeytes; 


12. platelets; 13. nentrophils; 

14. basophils; 15. monoeytes; 

16. eosinophils; 17. lymphoeytes; 

18. e;19.f;20. a;21.k; 22. b; 

23. j; 24.1; 25. e; 26. d; 27. g; 

28. i; 29. h; 30. During 
differentiation, the red blood eells 
of humans (and other mammals) 
lose most of their organelles, 
inelnding nuclei and ribosomes. 
As a result, mature circulating 
RBCs ean neither divide nor 
synthesize the structural proteins 
and enzymes required for cellular 
repairs. 


ehapter Revìew Questìons 


1 . monoeyte; 2 . nentrophil; 

3. erythroeyte, or red blood eell; 

4. lymphoeyte; 5. basophil; 

6. eosinophil; 7. false; 8. false; 

9. true; 10. false; 11. true; 12. a; 
13.c;14. a;15.d;16. b;17.b; 

18. b;19. The two types of 
leukemias are eharaeterized by 
elevated levels of circulating 
WBCs. Myeloid lenkemia is 
eharaeterized by the presenee 
of abnormal grannloeytes 
(nentrophils, eosinophils, and 
basophils) or other eells of 

the bone marrow. Lymphoid 
lenkemia involves lymphoeytes 
and their stem eells. 20. Blood 
stabilizes and maintains body 
temperatnre by absorbing and 
redistribnting the heat prodneed 
by aetive skeletal mnseles. If body 
temperatnre is high, the heat will 
be lost aeross the snrfaee of the 
skin. If body temperatnre is Iow, 
the warm blood is direeted to the 
brain and to other temperatnre- 
sensitive organs. 21. Type A blood 
has snrfaee antigen A and anti-B 
plasma antibody; type B blood 
has snrfaee antigen B and anti-A 
plasma antibody; type AB blood 
has both A and B snrfaee antigens 
and neither anti-A nor anti-B 
plasma antibodies; and type O 
blood is laeking A and B snrfaee 
antigens, and has both anti-A 
and anti-B plasma antibodies. 


ehapter Integratìon 


1. The drug that Piero is 
eonsidering performs like the 
hormone erythropoietin (EPO). 


2.EPO is earried to red bone 
marrow, where it stimnlates stem 
eells and developing RBCs. With 
more RBCs in eirenlation, Piero 
will be earrying more oxygen in 
his blood. This will allow his eells 
to deliver more oxygen to his 
working mnseles, and perform 
at a higher level. 3. Serions side 
effeets from taking EPO inelnde 
blood elots, heart attaek, and 
stroke from the inereased blood 
viseosity due to the inereased 
levels of erythroeytes in blood. 

4. Piero could eonsider moving 
from Miami to the monntains 
so he could train at a higher 
altitnde. Strenuous exercise at a 
higher altitude would result in 
Piero being more hypoxic than 
at his training at sea level. This 
could result in his body releasing 
more EPO, and stimnlating 
erythropoiesis in a natnral way, 
and within healthy limits. 

5. Normal red blood eells are 
shaped like bieoneave dises. 
Hemolysis is the rupture or 
destruction of red blood eells. 

In most eases, hemolysis occurs 
outside the bloodstream in the 
spleen, liver, and bone marrow. 

6. Some fnnetions of blood 
inelnde transporting heat 
throughout the body and oxygen 
to eells. Beeanse Ursulas oxygen- 
earrying red blood eells were 
being aetively destroyed, her heart 
had to pump faster to supply 
tissues with the oxygen they 
need. The resnlting inerease in 
eirenlation bronght more warm 
blood to her body snrfaee, where 
greater-than-normal heat loss 
lowered her body temperatnre. 

7. Anemia and the aeeompanying 
low hemoglobin levels reduce the 
blood s ability to earry oxygen and 
nntrients to the body s vital organs 
and tissnes. As a result, Ursula 
experienced fatigne and weakness. 


CHAPTER18 

Module Reviews 


Module 18.1 Revìew 

a. The pnlmonary eirenit earries 
blood throngh the arteries. 


eapillaries, and veins of the lungs 
from the right ventriele to the left 
atrium. b. The systemie circuit 
transports blood throngh the 
arteries, eapillaries, and veins of 
the body from the left ventriele 
to the right atrium. Blood 
returning to the heart from the 
systemie eirenit must eomplete 
the pulmonary eirenit before it 
re-enters the systemie eirenit. 
e. The right atrium reeeives blood 
from the systemie circuit. 

Module 18.2 Revíew 

a. The five general elasses of 
blood vessels are arteries, 
arterioles, eapillaries, vennles, 
and veins. b. A eapillary is a small 
blood vessel, loeated between an 
arteriole and a venule, whose thin 
wall permits the diffnsion of gases, 
nntrients, and wastes between 
blood and interstitial fluids. 
e. These blood vessels are veins. 
Arteries and arterioles have a large 
amount of smooth muscle tissue 
in a thiek, well-developed tunica 
media. 

Module 18.3 Revìew 

a. The two types of eapillaries 
are continuous eapillaries and 
fenestrated eapillaries. 

b. Fenestrated eapillaries are 
loeated where solntes as large as 
small peptides move freely into 
and out of the blood, including 
endoerine glands, the ehoroid 
plexus of the brain, absorptive 
areas of the intestine, and 
filtration areas of the kidneys. 

e. Capillary walls are thin, so 
distanees for diffnsion are short. 
Continuous eapillaries have small 
gaps between adjaeent endothelial 
eells that permit the diffnsion of 
water and small solntes into the 
surrounding interstitial fluid but 
prevent the loss of blood eells 
and plasma proteins. Fenestrated 
eapillaries eontain pores that 
permit very rapid exchange 
of fluids and solntes between 
interstitial fluid and blood. The 
walls of arteries and veins are 
several eell layers thiek and are not 
speeialized for diffnsion. 

Module 18.4 Revíew 

a. In the arterial system, pressnres 
are high enough to keep the blood 
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moving away from the heart. In 
the venons system, blood pressnre 
is too low to keep the blood 
moving baek toward the heart. 
Valves in veins prevent blood from 
flowing backward whenever the 
venons pressnre drops. b. Assisted 
by the presenee of valves in the 
veins, which prevent backflow 
of the blood, the eontraetion of 
the snrronnding skeletal mnseles 
squeezes venous blood toward 
the heart. e. Varieose veins are 
sagging, swollen veins distorted 
by the pooling of blood resnlting 
from gravity and the failnre of 
venous valves. 

Modale 18.5 Revìew 

a. Vasculogenesis refers to the 
formation of the first blood 
vessels. Angiogenesis is the 
growth of new blood vessels from 
pre-existing vessels. b. Blood 
islands are aggregated groups 
of eells seattered in the yolk sae. 
They are formed from early 
preenrsor eells ealled angioblasts. 
e. Angioblasts remodel blood 
islands first into eapillary 
networks, and then into 
larger arterial and venous 
networks. 

Module 18.6 Revíew 

a. The two eirenlatory eirenits 
of the eardiovasenlar system 
are the pnlmonary eirenit 
and the systemie eirenit. The 
pnlmonary eirenit earries 
deoxygenated blood from the 
right ventriele to the lungs and 
retnrns oxygenated blood to the 
left atrium. The systemie circuit 
earries oxygenated blood to the 
organs and tissnes of the body 
and retnrns deoxygenated blood 
to the right atrium. b. The three 
general patterns of blood vessel 
organization are the following: 

(1) The peripheral distribntions 
of arteries and veins on the body s 
left and right sides are generally 
identieal, except near the heart, 
where the largest vessels eonneet 
to the atria or ventrieles; (2) a 
single vessel may have several 
names as it erosses speeifie 
anatomieal bonndaries, making 
aeenrate anatomieal deseriptions 
possible; and (3) tissnes and 
organs are usually servieed by 


several arteries and veins. 
e. right ventriele ^ right and left 
pnlmonary arteries ^ pnlmonary 
arterioles ^ alveolar eapillaries ^ 
pnlmonary vennles ^ pnlmonary 
veins ^ left atrium. 

Module 18.7 Revìew 

a. The largest artery in the body 
is the aorta. b. The two large 
veins that eolleet blood from the 
systemie eirenit are the snperior 
vena eava and the inferior vena 
eava. e. A major anatomieal 
differenee between the arterial 
and venous systems is the 
existence of dual venous drainage 
in the neek and limbs. 

Module 18.8 Revìew 

a. The two arteries formed by the 
division of the braehioeephalie 
trunk are the right eommon 
earotid artery and the right 
snbelavian artery. b. A bloekage 
of the left snbelavian artery would 
interfere with blood flow to the 
left arm. e. Thor s bnlging vein is 
his external jugular vein. 

Module 18.9 Revìew 

a. The arterial structure in 
the neek region that eontains 
baroreeeptors is the earotid 
sinus. b. The branehes of the 
external earotid artery are the 
snperfieial temporal, maxillary, 
oeeipital, faeial, and lingnal 
arteries. e. The veins that eombine 
to form the braehioeephalie vein 
are the external jugular, internal 
jugular, vertebral, and snbelavian 
veins. 

Module 18.10 Revìew 

a. The three branehes of the 
internal earotid artery are the 
ophthalmie, anterior eerebral, and 
middle eerebral arteries. b. The 
eerebral arterial eirele (also known 
as the eirele of Willis) is a ring- 
shaped anastomosis that eneireles 
the infundibulum of the pituitary 
gland. Its anatomieal arrangement 
ereates alternate pathways in 
the eerebral eirenlation, so that 
if blood flow is interrnpted in 
one area, other blood vessels ean 
eontinne to perfnse the entire 
brain with blood. e. The internal 
jugular veins drain the dural 
sinuses of the brain. 


Module 18.11 Revìew 

a. Rupturing the eeliae trunk 
would most direetly affeet the 
stomaeh, inferior portion of 
the esophagns, spleen, liver, 
gallbladder, and proximal portion 
of the small intestine. b. The 
inferior vena eava eolleets most 
of the venous blood inferior to 
the diaphragm. e. The major 
branehes of the inferior vena 
eava are the lumbar, gonadal, 
hepatie, renal, adrenal, and 
phrenie veins. 

Module 18.12 Revìew 

a. The nnpaired branehes of the 
abdominal aorta that supply blood 
to the viseeral organs are the eeliae 
trunk, snperior mesenterie artery, 
and inferior mesenterie artery. 

b. The three veins that merge to 
form the hepatie portal vein are 
the snperior mesenterie, inferior 
mesenterie, and splenie veins. 

e. The left and right gastroepiploie 
veins earry blood away from the 
stomaeh. 

Module 18.13 Revìew 

a. The first two branehes of 
the eommon iliae artery are the 
internal iliae artery and the 
external iliae artery. b. A bloekage 
of the popliteal vein would 
interfere with blood flow in the 
tibial and fibnlar (peroneal) veins 
(which form the popliteal vein) 
and the small saphenons vein 
(which joins the popliteal vein). 
e. The plantar venous areh 
delivers blood to the anterior 
tibial, posterior tibial, and fibnlar 
(peroneal) veins. 

Module 18.14 Revìew 

a. Deoxygenated blood flows from 
the fetus to the plaeenta throngh 
a pair of nmbilieal arteries, and 
oxygenated blood retnrns from 
the plaeenta in a single nmbilieal 
vein. The nmbilieal vein then 
drains into the ductus venosus 
within the fetal liver. b. The six 
neeessary structures in the fetal 
eirenlation are two nmbilieal 
arteries, one nmbilieal vein, the 
ductus venosus, the foramen 
ovale, and the ductus arteriosus. 
After birth, the foramen ovale 
eloses and persists as the fossa 
ovalis, a shallow depression; the 


ductus arteriosus persists as the 
ligamentum arteriosum, a fibrous 
eord; and the nmbilieal vessels and 
ductus venosus persist throughout 
life as fibrous eords. e. Ventricular 
septal defeets are abnormal 
openings between the left and 
right ventrieles. Tetralogy of Fallot 
inelndes a ventrienlar septal defeet 
plus three other heart defeets: 
a narrowing of the pnlmonary 
trunk, a displaeed aorta, and 
an enlarged right ventriele with 
eorresponding thiekened right 
and left ventrieles. 


Seetìon Revìews 


Seetìon 1 Revìew 

1. artery; 2. vein; 3. smooth 
muscle; 4. internal elastie 
membrane; 5. endothelinm; 

6. tunica intima; 7. tunica media; 
8. tunica externa, or tunica 
adventitia; 9. e; 10. i; 11. j; 12. g; 
13.a;14.k;15.b;16. h;17.1; 

18. e; 19. d; 20. f; 21. Gontraetion 
or relaxation of the smooth 
muscle eells in preeapillary 
sphineters eontrol the blood flow 
into eapillaries. During exercise, 
eertain preeapillary sphineters 
will relax to allow more blood 
flow into the working mnseles to 
meet their metabolie needs, and 
into the skin to help with eooling. 
Other preeapillary sphineters 
will eontraet to deerease blood 
flow into nonessential organs 
such as the digestive viseera. In 
eold temperatnres, preeapillary 
sphineters in the periphery and 
skin will eontraet to deerease 
blood flow to these areas and 
eonserve heat. 

Seetìon 2 Revìew 

I. eommon earotid; 2. snbelavian; 

3. braehioeephalie trunk; 

4. braehial; 5. radial; 6. popliteal; 

7. fibnlar (peroneal); 8. aortie 
areh; 9. eeliae trunk; 10. renal; 

II. eommon iliae; 12. external 
iliae; 13. femoral; 14. anterior 
tibial 15. vertebral; 16. internal 
jugular; 17. braehioeephalie; 

18. axillary; 19. eephalie; 

20. median antebraehial; 

21. ulnar; 22. great saphenons; 

23. fibnlar (peroneal); 

24. snperior vena eava; 
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25. inferior vena eava; 

26. internal iliae; 27. deep 
femoral; 28. posterior tibial 


ehapter Revìew Questìons 


1. internal earotid artery; 

2. basilar artery; 3. vertebral 
artery; 4. anterior eommnnieating 
artery; 5. anterior eerebral artery; 
6 . posterior eommnnieating 
artery; 7. posterior eerebral artery; 
8 . eerebral arterial eirele, or eirele 
of Willis; 9. d; 10. b; 11. d; 12. e; 
13. a;14. d;15. a;16. b;17.A 
braehioeephalie artery is not 
needed on the left side of the aortie 
areh beeanse the majority of the 
heart lies to the left of midline; this 
allows the left eommon earotid 
artery and left snbelavian artery 

to have direet aeeess to the head 
and left npper limb, respeetively. 

18. Blood volnme is distribnted 
thronghont the body as follows: 

64 pereent in the systemie venons 
system, 9 pereent in the pnlmonary 
eirenit, 7 pereent in the heart, 

13 pereent in the systemie arterial 
eirenit, and 7 pereent in systemie 
eapillaries. 19. The hepatie 
portal system direets blood with 
absorbed nntrients from the 
digestive system to the liver for 
proeessing. 


ehapter Integratìon 


1. The eatheter would be inserted 
into Mr. Samnels femoral artery. 
It would be guided then to his 
external iliae artery, eommon 
iliae artery, abdominal aorta, and 
thoraeie aorta to the aortie areh. 

2. The dye would be released into 
the aortie areh at the base of the 
braehioeephalie trunk and left 
eommon earotid artery. This is 
the best plaee beeanse the dye 
would then travel to the brain by 
the two eommon earotid arteries, 
and the two vertebral arteries. 

3. Mr. Samuel was lucky to have 
had his bloekage on one of his 
vertebral arteries beeanse this 
vessel joins with the vertebral 
artery from the opposite side to 
form the basilar artery. Beeanse 
the eerebral arterial eirele (eirele 
of Willis) that is distal to the 
basilar artery ensnred even 


distribntion of blood, Mr. Samuel 
did not experience a eomplete 
interrnption of blood flow to his 
brain. A bloekage in the basilar 
artery would be more serious 
because it would bloek the blood 
from both vertebral arteries, and 
a bloekage in the middle eerebral 
artery would be serious because 
it is distal to the eerebral arterial 
eirele. 


CHAPTER19 

Module Reviews 


Module 19.1 Revìew 

a. The anterior view of the heart 
is dominated by the right atrium 
and right ventriele. b. The great 
veins and arteries of the heart are 
attaehed to the base of the heart. 
e. The apex is loeated on the 
inferior aspeet of the heart. 

Module 19.2 Revíew 

a. From snperfieial to deep, the 
layers of the heart wall are the 
epieardinm, myoeardinm, and 
endoeardinm. b. The epieardinm 
eonsists of an outer mesothelium 
and an nnderlying layer of areolar 
tissue that attaehes direetly to 
the myocardium. e. Gardiae 
tissue is metabolieally aetive and 
dependent on mitoehondrial 
aetivity for ATP and loeal 
eapillaries for obtaining oxygen 
and nntrients. 

Module 19.3 Revíew 

a. The mediastinnm is the region 
between the two plenral eavities 
that eontains the heart along with 
the great vessels (large arteries 
and veins attaehed to the heart), 
thymus, esophagus, and traehea. 

b. The heart is surrounded by 
the perieardial sae in the anterior 
mediastinnm, deep to the sternnm 
and snperior to the diaphragm. 

e. Gardiae tamponade ean be a 
life-threatening eondition beeanse 
the accumulating fluid within the 
perieardial eavity restriets heart 
movement. 

Module 19.4 Revíew 

a. The four eardiae ehambers 
are the left atrium, right atrium, 
left ventriele, and right ventriele. 


b. The anterior interventrienlar 
sulcus marks the boundary 
between the left and right 
ventrieles on the heart s anterior 
snrfaee; the shallower posterior 
interventrienlar sulcus marks the 
boundary between the left and 
right ventrieles on the posterior 
snrfaee; and the eoronary sulcus 
is a deep groove that marks 
the border between the atria 
and the ventrieles. e. Goronary 
veins eolleet blood from the 
myoeardinm and earry it to the 
right atrium. 

Module 19.5 Revìew 

a. Arteries: left eoronary artery, 
anterior interventrienlar artery, 
right eoronary artery, marginal 
arteries, circumflex artery, and 
posterior interventrienlar artery. 
Veins: great eardiae vein, anterior 
eardiae veins, posterior eardiae 
vein, middle eardiae vein, and 
small eardiae vein. b. The anterior 
eardiae veins drain the anterior 
snrfaee of the right ventriele and 
empty into the right atrium. The 
posterior eardiae vein drains the 
area (posterior snrfaee of the 
left ventriele) snpplied by the 
circumflex artery. e. During elastie 
rebonnd, some blood in the aorta 
is driven forward into the systemie 
eirenit, and some is foreed baek 
toward the left ventriele and into 
the eoronary arteries. 

Module 19.6 Revìew 

a. Damage to the semilnnar valve 
on the right side of the heart 
would affeet blood flow to the 
pulmonary trunk. b. Gontraetion 
of the papillary mnseles pulls on 
the ehordae tendineae, which 
prevent the AV valves from 
swinging into the atria. e. The 
more muscular left ventriele 
must generate enough foree to 
propel blood throughout the 
body (except the lungs), whereas 
the right ventriele must generate 
only enough foree to propel 
blood the short distanee to the 
lungs. 

Module 19.7 Revìew 

a. Gardiae regnrgitation is the 
abnormal backflow of blood into 
the atria when the ventrieles 
eontraet, and it is prevented by the 


ehordae tendineae and papillary 
mnseles. b. The trienspid valve is 
eomposed of three relatively large 
flaps (cusps); the pulmonary valve 
is made up of three smaller half- 
moon-shaped cusps. e. Semilunar 
valves prevent the backflow of 
blood into the ventrieles. 

Module 19.8 Revìew 

a. Arterioselerosis is any 
thiekening and tonghening of 
arterial walls; atheroselerosis 
is a type of arterioselerosis 
eharaeterized by ehanges in 
the endothelial lining and the 
formation of fatty deposits 
(plaque) in the tunica media. 

b. Goronary isehemia is a 
eondition in which the blood 
supply of the eoronary arteries 
is redneed. e. Stents are wire- 
mesh tubes that prop open the 
natnral blood vessel, ereating a 
eondnit to restore blood flow. 
Without adequate blood flow 
to the eardiae muscle, the tissue 
would die. 

Module 19.9 Revìew 

a. The eardiae eyele is the 
period between the start of one 
heartbeat and the beginning of 
the next. b. The alternate term 
for heart eontraetion is systole, 
and the term for heart relaxation 
is diastole. e. When a ehamber is 
relaxed, it is in the diastole phase 
of the eardiae eyele. 

Module 19.10 Revìew 

a. The two phases of ventrienlar 
systole are isovolnmetrie 
eontraetion and ventrienlar 
ejeetion. b. Atrial systole, atrial 
diastole, ventrienlar systole, and 
ventrienlar diastole. e. No. When 
pressnre in the left ventriele first 
rises, the heart is eontraeting 
but blood is not leaving the 
heart. During this initial phase of 
eontraetion, ealled the period of 
isovolnmetrie eontraetion, both 
the AV valves and the semilnnar 
valves are elosed. The inerease in 
pressnre is the result of the eardiae 
muscle eontraeting. When the 
pressnre in the ventriele exceeds 
that in the aorta, the aortie 
semilnnar valves are foreed open, 
and blood is rapidly ejeeted from 
the ventriele. 
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Module 19.11 Revìew 

a. Automaticity is the ability of 
eardiae muscle tissue to eontraet 
without neural or hormonal 
stimnlation. b. If the eells of the 
SA node failed to fnnetion, the 
heart would continue to beat, 
but at a slower rate; the AV node 
would aet as the paeemaker. e. If 
the impulses from the atria were 
not delayed at the AV node, they 
would be conducted through the 
ventrieles so quickly by the bundle 
branehes and Pnrkinje eells 
that the ventrieles would begin 
eontraeting before the atria had 
finished eontraeting. As a result, 
the ventrieles would not be as full 
of blood as they could be, and the 
pnmping aetion of the heart would 
be less effieient. 

Modale 19.12 Revìew 

a. Gardiae muscle has a long 
refraetory period that eontinnes 
until relaxation is well under 
way. As a result, another aetion 
potential eannot arrive quickly 
enough for summation to occur, 
and thus tetany eannot occur. 

b. The three stages of an aetion 
potential in a eardiae muscle eell 
are rapid depolarization, platean, 
and repolarization. e. Slow 
ealeinm ehannels are voltage-gated 
ealeinm ehannels that open slowly 
and remain open for a relatively 
long period—about 175 msee. 
When they are open, the entry of 
ealeinm ions into the eell ronghly 
balanees the loss of sodium ions 
throngh the aetive transport 

of sodium ions. As a result, the 
membrane potential remains near 
0 mV for an extended period. 

Module 19.13 Revìew 

a. Like NE, eaffeine aets direetly 
on the eondneting system and 
eontraetile eells of the heart, 
inereasing the rate at which 
they depolarize. Drinking large 
amonnts of eaffeinated beverages 
would therefore inerease the 
heart rate. b. Bradyeardia is a 
heart rate below 60 beats per 
minute; taehyeardia is a heart 
rate above 100 beats per minute. 
e. The eardioaeeeleratory 
eenter in the mednlla oblongata 
aetivates sympathetie nenrons 
to inerease heart rate; the 


eardioinhibitory eenter (also in 
the mednlla oblongata) eontrols 
the parasympathetie nenrons that 
slow heart rate. 

Module 19.14 Revìew 

a. The end-diastolie volume 
(EDV) is the amount of blood a 
ventriele eontains at the end of 
diastole, just before a eontraetion 
begins; the end-systolie volume 
(ESV) is the amount of blood that 
remains in the ventriele at the 
end of ventrienlar systole. b. An 
inerease in venous return would 
streteh the heart muscle. The more 
the heart muscle is stretehed, the 
more forcefully it will eontraet 
(to a point). The more foreefnl 
the eontraetion, the more blood 
the heart will ejeet with eaeh 
beat (stroke volume). Therefore, 
inereased venous return would 
inerease the stroke volume (if 
all other faetor s are eonstant). 
e. An inerease in sympathetie 
stimnlation of the heart would 
inerease heart rate and foree of 
eontraetion. The end-systolie 
volume (ESV) is the amount of 
blood that remains in a ventriele 
after a eontraetion (systole). The 
more foreefnlly the heart eontraets, 
the more blood it ejeets. Therefore, 
inereased sympathetie stimnlation 
resnlts in a lower ESV. 

Module 19.15 Revìew 

a. Heart failnre is a eondition in 
which the heart ean no longer 
meet the oxygen and nntrient 
demands of peripheral tissnes. 

b. SV = EDV - ESV, so SV = 

125 mL — 40 mL = 85 mL. e. The 
amount of blood that the heart 
pumps is proportional to the 
amount of blood that enters it. A 
heart that is beating too rapidly 
does not have adequate filling 
time, and it pumps less blood; 
peripheral tissues ean be damaged 
by inadequate blood flow. 

Module 19.16 Revìew 

a. An eleetroeardiogram (ECG 
or EKG) is a reeording of the 
eleetrieal aetivities of the heart 
over time. b. The important 
featnres of an EGG are the P 
wave (atrial depolarization), 
the QRS complex (ventrienlar 
depolarization), and the T wave 


(ventrienlar repolarization). 
e. Ventrienlar fibrillation, which 
causes the eondition known as 
eardiae arrest, is fatal beeanse the 
ventrieles merely quiver and do 
not pump blood into the systemie 
eirenlation. 

Module 19.17 Revìew 

a. Neural and hormonal 
regnlation inflnenee heart 
rate, stroke volume, peripheral 
resistanee, and venous pressure. 

b. Arterial pressure is much 
higher than venous pressure 
because it must push blood a 
greater distanee and throngh 
progressively smaller vessels. e. It 
is benefieial for eapillary pressnre 
to be very low so blood ean flow 
slowly and allow time for diffnsion 
between the blood and the 
surrounding interstitial fluid. 

Module 19.18 Revìew 

a. Total peripheral resistanee 
refleets a eombination of vasenlar 
resistanee, vessel length, vessel 
diameter, blood viseosity, and 
turbulence. b. An inerease in vessel 
diameter would reduce peripheral 
resistanee. (An inerease in vessel 
length would inerease peripheral 
resistanee.) e. The formnla R 
= l/r^ states that resistanee (R) 
is inversely proportional to the 
fourth power of the vessel radius 
(r). This means that a small ehange 
in vessel diameter resnlts in a large 
ehange in resistanee. 

Module 19.19 Revìew 

a. Blood flow is the volume of 
blood flowing per unit of time 
throngh a vessel or group of 
vessels; it is direetly proportional 
to blood pressnre and inversely 
proportional to peripheral 
resistanee. b. In a healthy person, 
blood pressnre is greater in the 
aorta than in the inferior vena 
eava. If the pressnre were higher 
in the inferior vena eava than in 
the aorta, blood would flow in 
the reverse direetion. e. Using the 
formnla MAP = diastolie pressnre 
+ (pulse pressure)/3, MAP equals 
70 + (125 — 70)/3, which equals 
70 + 18.3, or 88.3 mm Hg. 

Module 19.20 Revìew 

a. Any eondition that affeets 
either blood pressnre or osmotie 


pressnres in the blood or 
interstitial fluid will shift the 
balanee between hydrostatie 
and osmotie forees. b. Fluid 
moves into a eapillary whenever 
blood eolloid osmotie pressnre 
(BGOP) is greater than eapillary 
hydrostatie pressnre (GHP). 
e. Edema is an abnormal 
accumulation of interstitial fluid 
in peripheral tissnes. 

Module 19.21 Revìew 

a. Tissue perfusion is blood 
flow to tissnes that is snffieient 
to deliver adequate oxygen and 
nntrients. b. Gardiovasenlar 
autoregulation involves loeal 
faetors ehanging the pattern 
of blood flow within eapillary 
beds in response to ehemieal 
ehanges in interstitial fluids. 
e. Baroreeeptor reflexes respond 
to ehanges in blood pressnre. 

The baroreeeptors—loeated in 
the walls of the earotid sinnses, 
aortie sinnses, and right atrium— 
monitor the degree of streteh at 
those sites. 

Module 19.22 Revìew 

a. Epinephrine and 
norepinephrine from the adrenal 
mednllae provide short-term 
regnlation of deereasing blood 
pressnre and blood volume. 

b. Vasoeonstrietion of the renal 
artery would deerease both blood 
flow and blood pressnre at the 
kidney. In response, the kidney 
would inerease the amount of 
renin it releases, which in turn 
would inerease the level of 
angiotensin 11. The angiotensin 

II would bring about inereased 
blood pressnre and inereased 
blood volume. e. Excessive 
stretehing of the right atrium 
during diastole causes the release 
of atrial natriuretic peptide 
(ANP). Excessive stretehing of the 
ventrieles during diastole causes 
the release of brain natrinretie 
peptide (BNP). The roles of these 
peptides are to trigger responses 
whose eombined effeets aet 
to deerease blood volume and 
blood pressnre. As blood volume 
and blood pressnre deerease, 
natrinretie peptide prodnetion 
stops. 
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Modale 19.23 Revìew 

a. ehemoreeeptor reflexes 
respond to deereasing pH and 
oxygen levels, and inereasing 
eO^ levels in the blood and 
eerebrospinal fluid (CSF). These 
reflexes stimulate responses by the 
eardiovasenlar eenters to inerease 
vasoeonstrietion, eardiae output 
and blood pressnre that inerease 
pH and oxygen levels and deerease 
eO^ levels. b. Ghemoreeeptors 
are loeated in the earotid bodies, 
in the aortie bodies, and on the 
ventrolateral snrfaees of the 
mednlla oblongata. e. An inerease 
in the respiratory rate rednees 
eO^ levels. 

Modale 19.24 Revìew 

a. The respiratory pump is a 
meehanism by which a rednetion 
of pressnre in the thoraeie eavity 
during inhalation assists venous 
return to the heart. b. During 
exercise, eardiae output inereases, 
and blood flow to skeletal 
mnseles inereases at the expense 
of blood flow to less essential 
organs. e. IJnless eompensatory 
vasoeonstrietion occurs in 
' nonessential” organs, such as those 
of the digestive system, vasodilation 
in skeletal mnseles would cause 
a potentially dangerons deerease 
in blood pressnre and blood flow 
throughout the body during 
exercise. 

Module 19.25 Revìew 

a. Gompensatory meehanisms 
that respond to blood loss inelnde 
an inerease in eardiae output, a 
mobilization of venous reserves, 
peripheral vasoeonstrietion, and 
the release of hormones that 
promote the retention of fluids and 
the matnration of erythroeytes. 

b. The immediate, short-term, 
problem during hemorrhaging 
is maintaining adequate blood 
pressure and peripheral blood 
flow; the long-term problem is 
restoring normal blood volume. 
e. Circulatory shoek occurs when 
blood loss exceeds about 35 
pereent of the total blood volume. 
Circulatory shoek involves a series 
of positive feedbaek loops that are 
initiated after homeostasis has 
been disrnpted. Progressive shoek 
is the next stage after eirenlatory 


shoek. It, too, is a series of positive 
feedbaek loops that aeeelerate 
tissue damage. Irreversible shoek 
is the fatal stage that occurs if the 
positive feedbaek loops initiated 
during progressive shoek are not 
broken. 


Seetion Revíews 


Seetìon 1 Revíew 

I . aortie areh; 2 . snperior vena 
eava; 3. right pnlmonary arteries; 
4. aseending aorta; 5. fossa ovalis; 

6. opening of eoronary sinus; 

7. right atrium; 8. peetinate 
mnseles; 9. trienspid valve 
cusp; 10. ehordae tendineae; 

II. papillary muscle; 12. right 
ventriele; 13. inferior vena 
eava; 14. pnlmonary trunk; 

15. pnlmonary valve; 16. left 
pnlmonary arteries; 17. left 
pnlmonary veins; 18. left atrium; 

19. aortie valve; 20 . bicuspid 
valve cusp; 21. left ventriele; 

22. interventrienlar septum; 

23. trabeculae earneae; 

24. moderator band; 25. g; 

26. h; 27. j; 28. a; 29. d; 30. i; 

31. b; 32. e; 33. f; 34. e; 35. (a) 
deoxygenated blood flow: right 
atrium ^ right atrioventricular 
valve (tricuspid valve) ^ right 
ventriele ^ pnlmonary semilnnar 
valve. (b) oxygenated blood flow: 
left atrium ^ left atrioventricular 
valve (bicuspid valve) ^ left 
ventriele ^ aortie semilnnar valve. 

Seetìon 2 Revìew 
1. d; 2. e; 3. a; 4. g; 5. b; 6. j; 

7.i; 8.f;9. e;10.h;11.1eftAV 

valve eloses; 12. inereasing; 

13. deereasing; 14. less than; 

15. aortie valve is foreed open; 

16. aorta; 17. ventrienlar systole 

Seetìon 3 Revìew 
1. f; 2. i; 3. b; 4. a; 5. e; 6. e; 7.1; 

8. g; 9. k; 10. h; 11. d; 12. j; 13. d; 

14. a;15.j;16. h;17. b; 18. e; 

19. i; 20. c;21.f;22.g 


ehapter Revìew Questìons 


I. true; 2. false; 3. false; 4. true; 
5. true; 6. e; 7. a; 8. b; 9. e; 10. d; 

II. b;12.a;13.b;14. a;15.d; 

16. The regurgitation of blood 
into the atria as the ventrieles 
eontraet is prevented as the 


papillary mnseles eontraet and 
pull on the ehordae tendineae. 

17. SA node ^ internodal 
pathways ^ AV node ^ AV 
bundle ^ right and left bundle 
branehes ^ Pnrkinje fibers; 

18. The epieardinm, or viseeral 
perieardinm, is a mesothelial 
serous membrane that eovers the 
outer surface of the heart. The 
myocardium is the middle layer 
of the heart and eontains eardiae 
muscle tissue, blood vessels, and 
nerves. The endoeardinm is made 
of simple squamous epithelium 
(endothelium) and lines the 
inner snrfaee of the heart. 

19. Sympathetie stimnlation 
inereases heart rate and foree 
of eontr aetion (eontr aetility). 
Parasympathetie stimnlation 
deereases heart rate and foree of 
eontraetion. 20. The first heart 
sound is “lubb” (S^) and marks the 
start of ventrienlar eontraetion. 

The AV valves elosing prodnee 
this sound. The seeond sound is 
“dupp” (S^) and marks the start of 
ventrienlar diastole. This sound is 
prodneed by the semilnnar valves 
elosing. The third heart sound (S^) is 
assoeiated with blood flow into the 
atria. The fourth heart sound (S^) is 
assoeiated with atrial eontraetion. 


ehapter Integratìon 


1. The mitral valve is elosed 
during ventrienlar systole. 

2. The mitral valve is prolapsing 
into the left atrium. There is no 
regnrgitation beeanse, despite 
the prolapse, the two cusps of the 
mitral valve are still in eontaet and 
preventing the backflow of blood. 

3. The eehoeardiogram could 
reveal abnormally shaped mitral 
valve cusps, or ehordae tendineae 
that are elongated and unable to 
restrain the mitral valve cusps 
during ventrienlar systole. 


CHAPTER20 

Module Reviews 


Module 20.1 Revìew 

a. The fnnetions of the lymphatie 
system are to provide immnnity 


(the ability to defend the body 
against infeetion, illness, and 
disease) and to return tissue 
fluid to the bloodstream. 
b. Lymphoeytes are the primary 
eells of the lymphatie system. 

These eells respond to pathogens, 
abnormal body eells, and foreign 
proteins such as toxins released 
by some baeteria. Lymph is the 
interstitial fluid that has entered 
a lymphatie vessel and surrounds 
lymphoeytes. e. Primary lymphoid É 

tissnes and organs are sites where ■ 

lymphoeytes are formed and I 

mature. Seeondary lymphoid I 

tissnes and organs are sites where ■ 

lymphoeytes are aetivated and ■ 

eloned. I 

Module 20.2 Revìew I 

a. Lymphatie vessels transport I 

lymph from peripheral tissnes to I 

the venous system. b. Overlapping ■ 

endothelial eells in lymphatie 
eapillaries aet as one-way valves 
that permit the entry of fluids 
and solntes but prevent their 
return to the intereellnlar spaees. 
e. Lymphatie valves prevent 
the backflow of lymph in some 
lymphatie vessels. 

Module 20.3 Revìew 

a. The lymphatie trunks empty 
into the thoraeie duct and the 
right lymphatie duct. b. The 
right lymphatie duct eolleets 
lymph from the right side of the 
body superior to the diaphragm; 
the thoraeie duct eolleets lymph 
from the body inferior to the 
diaphragm and from the left 
side of the body snperior to the 
diaphragm. e. Lymphedema is 
the accumulation of interstitial 
fluids that results from bloeked 
lymphatie drainage. If the 
eondition persists, eonneetive 
tissnes lose their elastieity, 
and the swelling beeomes 
permanent. 

Module 20.4 Revìew 

a. The three main elasses of 
lymphoeytes are T eells, B eells, 
and natnral killer (NK) eells. b. B 
eells are responsible for antibody- 
mediated immnnity. e. The red 
bone marrow, thymus, and 
peripheral lymphoid tissnes are 
involved in lymphopoiesis. 
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Module 20.5 Revìew 

a. Mucosa-associated lymphoid 
tissue (MALT) is the eolleetion 
of lymphoid tissue that proteets 
epithelia lining the digestive, 
respiratory, nrinary, and 
reprodnetive traets. b. Tonsils 
are large lymphoid nodnles in 
the walls of the pharynx. The 
five tonsils are the left and 
right palatine tonsils, a single 
pharyngeal tonsil (adenoid), and 
a pair of lingnal tonsils. e. Lymph 
flow throngh a lymph node: 
afferent lymphaties ^ subcapsular 
spaee ^ outer cortex ^ deep 
cortex ^ medullary sinus ^ 
efferent lymphaties. 

Modale 20.6 Revìew 

a. The thymus is loeated in the 
anterior mediastinnm, posterior 
to the sternnm. b. The thymus is 
a pink, grainy organ ranging in 
weight from 40 g at pnberty to 
less than 12 g by age 50. A eapsnle 
eovers the thymus and divides 
it into two lobes, and fibrons 
partitions ealled septa divide 
the lobes into lobnles. e. Thymie 
epithelial eells in the cortex 
maintain the blood-thymus 
barrier. 

Module 20.7 Revìew 

a. The spleen filters the blood; the 
phagoeytes it eontains identify 
and engulf pathogens or infeeted 
eells eirenlating in the blood. 

b. Red pulp eontains large 
nnmbers of red blood eells; white 
pulp resembles lymphoid nodules 
and eontains lymphoeytes. 

e. Beginning with the 
trabeenlar arteries, blood then 
flows to the eentral arteries ^ 
eapillaries ^ retienlar tissue 
of red pulp ^ sinusoids ^ 
trabecular veins. 

Module 20.8 Revìew 

a. Innate immnnity is nonspeeifie 
and does not distingnish one type 
of threat from another. Adaptive 
immnnity is speeifie and proteets 
against partienlar threats. 

b. Innate immnnity proteets us 
using physieal barriers such as skin, 
phagoeytes that engulf pathogens, 
immune snrveillanee of abnormal 
eells, interferons to defend from 
virnses, eomplement to assist 
antibodies, inflammation to limit 


the spread of infeetion, and fever. 
e. Innate (nonspeeifie) immnnity 
will be aetivated immediately in 
the ehild with a skinned knee. 

Module 20.9 Revìew 

a. The integnmentary system 
provides a physieal barrier that 
is the first line of defense in 
preventing pathogens and toxins 
from entering body tissnes. Skin 
seeretions flush the surface, 
hair proteets against physieal 
abrasion, and the mnltiple layers 
of the skin s epithelinm ereate 
an interloeking barrier. b. The 
body s phagoeytes are nentrophils, 
eosinophils, and maerophages. 
Fixed maerophages are seattered 
among eonneetive tissnes and 
do not move; free maerophages 
are mobile and reaeh injury sites 
by migrating throngh adjaeent 
tissnes or traveling in the 
bloodstream. e. Chemotaxis is 
phagoeyte movement in response 
to attraetion to or repnlsion from 
ehemieal stimnli. 

Module 20.10 Revìew 

a. Immune snrveillanee is the 
eonstant monitoring of normal 
tissnes by NK eells sensitive to 
abnormal antigens on the snrfaees 
of eells. b. NK eells reeognize 
unusual proteins, ealled tumor- 
speeifie antigens, on the plasma 
membranes of eaneer eells. When 
these antigens are deteeted, 
the NK eells then destroy the 
abnormal eells. e. Ganeer eells 
ean mutate such that either they 
do not display tumor-specific 
antigens, or they seerete ehemieals 
that ean destroy NK eells. This 
ability to eseape deteetion is ealled 
immnnologieal eseape. 

Module 20.11 Revìew 

a. Interferons are small proteins 
that are released by aetivated 
lymphoeytes, maerophages, and 
eells infeeted with virnses; they 
trigger the prodnetion of antiviral 
proteins that interfere with viral 
replieation within tissue eells. 

b. The eomplement proteins of 
the eomplement system interaet 
with eaeh other in ehain reaetions 
that nltimately prodnee 
aetivated forms that target 
baeterial eell walls and 

plasma membranes, stimnlate 


inflammation, attraet phagoeytes, 
or enhanee phagoeytosis. 
e. Histamine release by mast eells 
and basophils in tissnes inereases 
loeal inflammation, thereby 
aeeelerating blood flow to the 
region. 

Module 20.12 Revìew 

a. Inflammation, also ealled 
the inflammatory response, is a 
loealized response to injury in 
the body. It is eharaeterized by 
redness (mbor), swelling (tnmor), 
heat (ealor), and pain (dolor). 

Lost fnnetion (fnnetio laesa) 
is also eommonly assoeiated 
with inflammation. b. Pyrogens 
inerease body temperatnre 
(prodnee a fever), which ean 
mobilize defenses, aeeelerate 
repairs, and inhibit pathogens. 
e. A rise in the level of interferons 
snggests a viral infeetion. 

Module 20.13 Revìew 

a. The two eells responsible for 
eoordinating adaptive immnnity 
are T eells and B eells. b. A ehild 
who reeeives the polio vaeeine 
develops artifieially indneed aetive 
immnnity. e. The properties of 
adaptive immnnity are speeifieity, 
versatility, immnnologie memory, 
and toleranee. 

Module 20.14 Revìew 

a. Antigen presentation occurs 
when an antigen-glyeoprotein, 
or antigen-MHC protein, 
eombination eapable of aetivating 
T eells appears in a plasma 
membrane (typieally that of a 
maerophage). T eells sensitive 

to this antigen are aetivated 
if they eontaet the antigen on 
the plasma membrane of the 
antigen-presenting eell. 

b. The major histoeompatibility 
complex (MHC) is a portion of 
ehromosome 6 eontaining genes 
that eontrol the synthesis of 
membrane glyeoproteins. e. Class 
IMHC proteins are in the plasma 
membranes of all nneleated body 
eells. eiass IIMHC proteins are 
only in the plasma membranes of 
antigen-presenting eells (APCs) 
and lymphoeytes. 

Module 20.15 Revìew 

a. T eell plasma membranes 
eontain proteins ealled CD (elnster 


of differentiation) markers. CeIIs 
with CD8 markers respond to 
antigens presented by CIass 
IMHC proteins and are on 
cytotoxic T eells, memory T^ eells, 
and snppressor T eells. Cells with 
CD4 markers respond to antigens 
presented by Class IIMHC 
proteins. b. The three major types 
of T eells aetivated by CIass IMHC 
proteins are cytotoxic T eells, 
memory T^^ eells, and snppressor 
T eells. e. Abnormal antigens 
attaehed to Class IMHC proteins 
of an infeeted eell are displayed 
on the snrfaee of the eelFs plasma 
membrane. The reeognition of 
such antigens by CD8 T eells 
initiates an immune response. 

Module 20.16 Revìew 

a. Sensitization is the proeess by 
which a B eell prepares to nndergo 
aetivation after eneonntering 

a speeifie antigen. During 
sensitization, the speeifie antigens 
are bronght into the eell where 
they beeome bound to Class II 
MHC proteins. Together, they 
then appear at the eell snrfaee. 

b. Cytokines seereted by aetivated 
T eells aid in eoordinating 
speeifie and nonspeeifie defenses 
and regnlate eell-mediated and 
antibody-mediated immnnity. 

e. Plasma eells prodnee and 
seerete antibodies, so observing 
an elevated number of plasma 
eells in the lymph would lead you 
to expect higher-than-normal 
antibody levels in the blood. 

Module 20.17 Revìew 

a. An antibody moleenle eonsists 
of two parallel pairs of polypeptide 
ehains: a pair of long, heavy ehains 
and a pair of short, light ehains. 
Eaeh ehain eontains both eonstant 
segments and variable segments. 
The eonstant segments of the 
heavy ehains form the base of the 
antibody moleenle; the free tips 

of the two variable segments form 
the antigen binding sites. 

b. An antigenie determinant site 
is the part of an antigen moleenle 
to which an antibody moleenle 
binds. e. The seeondary response 
would be more affeeted by a 
laek of memory eells, which are 
produced in response to an initial 
exposure to an antigen during the 
primary response. 
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Module 20.18 Revìew 

a. Antigen-antibody complexes 
help to destroy antigens throngh 
seven proeesses: nentralization, 
prevention of baeterial and 
viral adhesion, aetivation of 
eomplement, opsonization, 
attraetion of phagoeytes, 
stimnlation of inflammation, 
and preeipitation and 
agglntination. b. Opsonization is 
the proeess by which the eoating 
of pathogens with antibodies 
and eomplement proteins makes 
the pathogens more snseeptible 
to phagoeytosis. e. Basophils 
and mast eells are involved in 
inflammation. 

Module 20.19 Revìew 

a. An allergy is an inappropriate 
or excessive immnne response to 
an allergen, which is an antigen 
that triggers an allergie reaetion. 

b. In anaphylaxis, an immnne 
response to a eirenlating antigen 
stimnlates mast eells thronghont 
the body to release ehemieals 
that prompt the inflammatory 
response. e. Histamines, 
lenkotrienes, and other ehemieals 
that eanse pain and inflammation 
are released when mast eells and 
basophils are stimnlated in an 
allergie reaetion. 

Module 20.20 Revìew 

a. CD8 markers are fonnd on 
cytotoxic T eells, memory 
eells, and snppressor T eells; 

CD4 markers are on all helper 
T eells. b. Plasma eells prodnee 
antibodies. e. Cytotoxic T eells 
and NK eells ean be aetivated by 
direet eontaet with virns-infeeted 
eells. 

Module 20.21 Revìew 

a. Antoimmnne disorders are 
diseases that resnlt from the 
prodnetion of antibodies 
(ealled antoantibodies) direeted 
against normal snbstanees in 
the body (self-antigens). 

b. Immnnosnppression is the 
partial or eomplete rednetion of 
the immnne response in a person. 
It is also indneed to enhanee 

the snrvival of organ transplant 
reeipients. e. The inereased 
ineidenee of eaneer in the 
elderly may resnlt from a 
deeline in immnne snrveillanee. 


which resnlts in redneed 
elimination of tnmor eells as 
they arise. 


Seetìon Revìews 


Seetìon 1 Revìew 

I . tonsil; 2 . eervieal lymph 
nodes; 3. right lymphatie duct; 

4. thymus; 5. eisterna ehyli; 

6. lumbar lymph nodes; 

7. appendix; 8. lymphaties of 
lower limb; 9. lymphaties of upper 
limb; 10. axillary lymph nodes; 

II. thoraeie duct; 12. lymphaties 
of mammary gland; 13. spleen; 

14. mneosa-assoeiated lymphoid 
tissue (MALT); 15. pelvie lymph 
nodes; 16. ingninal lymph nodes; 

17. red bone marrow; 18. e; 

19. h; 20. l;21.i; 22. m; 23. j; 

24. b; 25. e; 26. g; 27. d; 28. f; 

29. a; 30. k 

Seetìon 2 Revìew 

1 . physieal barriers; 2 . phagoeytes; 

3. immune snrveillanee; 

4. interferons; 5. eomplement 
system; 6. inflammation; 7. fever; 

8. d; 9. d; 10. e; 11. d; 12. a; 13. a; 
14. The high body temperatnres 
of a fever may inhibit some 
virnses and baeteria, or inerease 
their reprodnetive rate so that 
the disease runs its course more 
quickly. High body temperatures 
also aeeelerate the body s 
metabolie proeesses, which may 
help to mobilize tissue defenses 
and speed the repair proeess. 

Seetìon 3 Revìew 

1. e; 2. k; 3.1; 4. i; 5. b; 6. a; 7. g; 

8. m; 9. d; 10. f; 11. e; 12. h; 13. j; 
14. b;15.f;16. g;17. e; 18. e; 

19. d; 20. a;21.h; 22. i 


ehapter Revìew Questìons 


I . antigen binding site; 2 . variable 
segment of light ehain; 3. eonstant 
segments of light and heavy 
ehains; 4. heavy ehain; 5. light 
ehain; 6. disnlfide bond; 7. false; 

8. false; 9. true; 10. false; 

II. false; 12. true; 13. a; 14. b; 

15. e; 16. a; 17. e; 18. d; 19. a; 

20. b; 21. In graft rejeetion, T 
eells are aetivated by eontaet 
with MHC proteins on plasma 
membranes in the donated 
tissnes. The cytotoxic T eells that 


develop then attaek and destroy 
the foreign eells. 22. A cytotoxic 
T eell (T^ eell) destroys its target 
eell by first eneonntering its 
target antigen bound to a Class 
IMHC protein. It then attaeks 
it by any one of the following 
meehanisms: (1) destroying the 
target eells membrane throngh 
the release of perforins; (2) 
aetivating apoptosis in the target 
eell; (3) disrnpting the target eells 
metabolism throngh the release 
of lymphotoxin. 23. Mnltiple 
injeetions of eertain vaeeines are 
timed to prodnee primary and 
then seeondary responses of the 
immune system. In the primary 
response to the vaeeine injeetion, 
B eells prodnee danghter eells 
that differentiate into plasma eells 
and memory B eells. The plasma 
eells prodnee antibodies, which 
represent the primary response, 
but the primary response does not 
maintain elevated antibody levels 
for long periods. Subsequent 
vaeeine injeetions are neeessary 
to trigger seeondary responses, 
when memory B eells differentiate 
into plasma eells that prodnee 
antibody eoneentrations that 
remain high much longer. 


ehapter Integratìon 


1. The stndent eannot yet know 
whether she will eome down with 
the chickenpox. Her elevated 
blood IgM levels indieate that she 
is in the early stages of a primary 
response to the chickenpox 
virus. If her immune response 
proves unable to eontrol and 
then eliminate the virus, she 
will develop chickenpox. 

2. Beeanse chickenpox is highly 
eontagions, people who have 
not had chickenpox previonsly 
and have not been vaeeinated 
are snseeptible to this highly 
eontagions disease. 3. The 
eansative agent for chickenpox 
and shingles is the varieella-zoster 
virus (VZV). 4. IgM antibodies are 
the first elass of immunoglobulins 
seereted after an antigen is 
eneonntered. IgG antibodies 

are the most eommon elass of 
immunoglobulins. 5. Antigenie 
speeifieity resnlts from the 


arrangement of genes eontrolling 
the amino aeid sequences of the 
variable segments of antibodies. 
6. Both responses involve the 
prodnetion of antibodies as 
stimnlated by antigens. The 
primary response develops 
relatively slowly and levels of IgG 
rise more slowly than do levels 
of IgM. The seeondary response 
develops much more rapidly, is 
more prolonged, and prodnees 
much more IgG. 7. Any vaeeine, 
inelnding that for chickenpox, 
stimnlates artifieially indneed 
aetive immnnity. 


CHAPTER21 

Module Reviews 


Module 21.1 Revìew 

a. Pnlmonary ventilation is 
airflow to and from the lungs. 

b. The eondneting portion of the 
respiratory traet begins at the 
nasal eavity and extends throngh 
the pharynx, larynx, traehea, 
bronehi, and larger bronehioles. 
The respiratory portion inelndes 
the smallest bronehioles and 
alveoli. e. Gas exchange between 
air and the lungs occurs in the 
alveoli. 

Module 21.2 Revìew 

a. The respiratory defense 
system is a series of filtration 
meehanisms that prevent airway 
eontamination by debris and 
pathogens. b. The respiratory 
mucosa lines the eondneting 
portion of the respiratory traet. 
e. Gystie fibrosis is a lethal, 
inherited disease that resnlts from 
the prodnetion of dense mucus 
that restriets respiratory passages 
and accumulates in the lungs. 
Harmfnl baeterial infeetion of the 
lungs may also develop, leading to 
death. 

Module 21.3 Revlew 

a. The structures of the upper 
respiratory system are the nose, 
nasal eavity, paranasal sinnses, and 
pharynx. b. Pathway of entering 
air: external nares ^ nasal eavity 
^ nasal vestibnle (gnarded 
by hairs that sereen out large 
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partides) ^ superior, middle, and 
inferior meatuses (air bounces off 
the eonehal snrfaees) ^ internal 
nares (the eonneetions between 
the nasal eavity and nasopharynx) 
^ nasopharynx ^ oropharynx ^ 
laryngopharynx ^ larynx. e. The 
rieh vasenlarization of the nasal 
eavity by the expandable veins in 
the lamina propria radiates body 
heat, so inhaled air is warmed 
before it leaves the nasal eavity. 
The heat also evaporates moistnre 
from the epithelinm to hnmidify 
the ineoming air. 

Modale 21.4 Revìew 

a. The paired eartilages are the 
arytenoid eartilages, eornienlate 
eartilages, and enneiform eartilages. 
The nnpaired laryngeal eartilages 
are the thyroid eartilage, erieoid 
eartilage, and epiglottis. b. The 
highly elastie voeal folds of the 
glottis are also ealled the voeal eords. 
e. Phonation is the prodnetion 
of sound, and one eomponent 
of speeeh; artienlation is the 
modifieation of sound by the tongue, 
teeth, and lips for elear speeeh. 

Modale 21.5 Revìew 

a. The right primary bronehns 
is larger in diameter than the left 
primary bronehns, and it deseends 
toward the lung at a steeper angle 
than the left primary bronehns. 

b. The C-shaped traeheal 
eartilages allow room for the 
esophagns to expand when 
food or liquids are swallowed. 
e. Pathway of airflow along the 
lower respiratory traet: traehea 
^ primary bronehi ^ seeondary 
bronehi ^ tertiary bronehi 

^ terminal bronehioles ^ 
pnlmonary lobule. 

Module 21.6 Revìew 

a. A bronchopulmonary segment 
is a speeifie region of a lung 
snpplied by a tertiary bronehns. 

b. Within the thoraeie eavity, 
the left and right lungs are 
surrounded by the left and right 
plenral eavities, respeetively. 

The apex of eaeh lung extends 
snperiorly to the first rib, and 
the base of eaeh lung rests on the 
snperior snrfaee of the diaphragm. 
e. The left lung is divided into 

a snperior lobe and an inferior 


lobe by the oblique fissure; in the 
right lung, the horizontal fissnre 
separates the snperior lobe from 
the middle lobe, while the oblique 
fissure separates the superior and 
middle lobes from the inferior 
lobe. 

Module 21.7 Revìew 

a. Pnlmonary lobnles are the 
smallest snbdivisions of the 
lungs; branehes of the pnlmonary 
arteries, pnlmonary veins, and 
tertiary bronehi supply eaeh 
lobule. b. Without surfactant, 
the alveoli would eollapse due to 
the high surface tension in the 
thin layer of water that moistens 
the alveolar snrfaees. e. The 
respiratory membrane is made up 
of the fused basement membranes 
of the alveolar epithelinm and 
eapillary endothelinm. Beeanse 
it is very thin and oxygen and 
earbon dioxide are lipid solnble, 
diffnsion occurs rapidly aeross the 
membrane. 

Module 21.8 Revíew 

a. External respiration is all 
the proeesses involved in the 
exchange of oxygen and earbon 
dioxide between the blood, lungs, 
and the external environment. 
Internal respiration is oxygen 
absorption from the blood and 
earbon dioxide release by body 
tissnes. b. The primary fnnetion 
of pnlmonary ventilation is to 
maintain adequate alveolar 
ventilation, the movement of 
air into and out of the alveoli. 
e. Hypoxia is low tissue oxygen 
levels. Anoxia is when oxygen is 
cut off eompletely. 

Module 21.9 Revìew 

a. Boyle s law states that at 
a eonstant temperatnre, the 
pressnre of a gas is inversely 
proportional to its volume. 

b. The movements of the 
diaphragm and rib eage affeet 
the volume of the lungs. e. The 
intrapnlmonary pressnre (the 
pressnre inside the respiratory 
traet) and the atmospherie 
pressnre (the pressnre ontside the 
respiratory traet) determine the 
direetion of airflow. Air moves 
from the area with the higher 
pressnre to the area with the 
lower pressnre. 


Module 21.10 Revìew 

a. The primary inspiratory 
mnseles are the diaphragm and 
the external intereostal mnseles. 

b. The aeeessory respiratory 
mnseles beeome aetive whenever 
the primary respiratory mnseles 
are unable to move enough air 

to meet the oxygen demands 
of tissnes. e. The measnrable 
pnlmonary volnmes are the tidal 
volume, expiratory reserve volume 
(ERV), residual volume, and 
inspiratory reserve volume (IRV). 

Module 21.11 Revìew 

a. The respiratory rate is the 
number of breaths taken eaeh 
minute. b. Respiratory minute 
voIume is the amount of air moved 
into and out of the respiratory traet 
eaeh minute, whereas alveolar 
ventilation is the amount of air 
reaehing the alveoli eaeh minute. 
Because some of the air never 
reaehes the alveoli but instead 
remains in the anatomie dead 
spaee, alveolar ventilation is lower 
than respiratory minute volume. 
e. Slow, deep breaths ventilate 
alveoli more effeetively, beeanse a 
smaller amount of the tidal volume 
of eaeh breath is spent moving air 
into and out of the anatomie dead 
spaee of the lungs. 

Module 21.12 Revìew 

a. Dalton s law states that 
in a mixture of gases, the 
individual gases exert a pressure 
proportional to their abnndanee 
in the mixture. b. Henry s law 
states that, at a given temperatnre, 
the amount of a partienlar gas 
that dissolves in a liquid is direetly 
proportional to the partial 
pressnre of that gas. Henry s 
law nnderlies the diffnsion of 
gases between eapillaries and 
alveoli, and between eapillaries 
and interstitial fluid. e. The Po^ 
deereases from about 100 mm Hg 
to 95 mm Hg in the pnlmonary 
veins is due to mixing with venous 
blood from the conducting 
passageways. The blood arriving 
at the peripheral eapillaries has a 
P 02 of 95 mm Hg. 

Module 21.13 Revìew 

a. Oxyhemoglobin is hemoglobin 
to which oxygen moleenles 


have bound. b. Both inereased 
temperatnre and deereased pH 
(from heat and aeidie wastes 
generated by aetive skeletal 
mnseles) cause hemoglobin to 
release more oxygen during exercise 
than when the mnseles are at rest. 
e. BPG (2,3-bisphosphoglyeerate) 
is a eomponnd that deereases 
hemoglobin s affinity for oxygen. 

For any partial pressnre of oxygen, if 
the eoneentration of BPG inereases, 
the amount of oxygen released by 
hemoglobin will inerease. 

Module 21.14 Revìew 

a. Garbon dioxide is transported 
in the bloodstream as biearbonate 
ions, bound to hemoglobin, 

or dissolved in the plasma. 

b. Driven by differenees in partial 
pressnre, oxygen enters the 
blood at the lungs and leaves it in 
peripheral tissnes; similar forees 
drive earbon dioxide into the 
blood at the tissnes and into the 
alveoli at the lungs. e. Bloekage 
of the traehea would interfere 
with the body s ability to take 

in oxygen and eliminate earbon 
dioxide. Beeanse most earbon 
dioxide is transported in blood 
as biearbonate ions formed from 
the dissoeiation of earbonie aeid, 
an inability to eliminate earbon 
dioxide would result in a buildup 
of excess hydrogen ions, which 
would deerease blood pH. 

Module 21.15 Revìew 

a. Gomplianee is the ease with 
which the lungs expand and 
reeoil. Resistanee is an indieation 
of how much foree is required to 
inflate or deflate the lungs. 

b. Three GOPDs are asthma, 
ehronie bronehitis, and 
emphysema. e. Ghronie bronehitis 
is long-term inflammation of 

the mucous membranes in the 
bronehial tubes; emphysema is a 
eondition in which the alveolar 
snrfaees of the lungs are destroyed 
and alveoli merge, which rednees 
respiratory snrfaee area and 
oxygen absorption, eansing 
breathlessness. People who have 
ehronie bronehitis are sometimes 
ealled “blue bloaters”; those with 
emphysema are ealled ‘ pink 
pnffers.” 
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Module 21.16 Revìew 

a. The pairs of eentral nervons 
system nnelei that adjnst the paee 
of respiration are the apnenstie 
eenters and the pneumotaxic 
eenters in the pons. b. The 
respiratory rhythmieity eenters in 
the medulla oblongata generate 
the respiratory paee. e. The 
pH, and Peo^ blood and 
eerebrospinal fluid stimulate the 
respiratory eenters. 

Modale 21.17 Revìew 

a. Hypereapnia is an inerease in 
the Peo^ of arterial blood above 
the normal range. Hypoeapnia is 
an abnormally low arterial Peo^* 

b. ehemoreeeptors are more 
sensitive to earbon dioxide levels 
than they are to oxygen levels. 

e. Johnny s mother should not 
worry. When Johnny holds his 
breath, earbon dioxide levels in his 
blood inerease, eansing inereased 
stimnlation of the inspiratory 
eenters, foreing him to breathe 
again. 

Module 21.18 Revìew 

a. Aging resnlts in deterioration 
of elastie tissue, arthritie ehanges 
that stiffen rib artienlations, 
deereased flexibility at eostal 
eartilages, deereased vital 
eapaeity, and some degree of 
emphysema. b. The ineidenee 
of lung eaneer in U.S. males is 
deereasing. e. Dysplasia is the 
development of abnormal eells; 
metaplasia is the development 
of abnormal ehanges in tissue 
structure; neoplasia is the 
eonversion of normal eells to 
tumor (cancerous) eells; and, in 
anaplasia, the malignant eells 
spread (metastasize) throughout 
the body. 


Seetìon Revìews 


Seetíon 1 Revìew 

I . nasal eavity; 2 . hard palate; 

3. pharynx; 4. glottis; 5. traehea; 
6. right lung; 7. external nares; 
8. larynx; 9. primary bronehns; 

10. seeondary bronehns; 

II. tertiary bronehi; 12. viseeral 
pleura; 13. pulmonary lobule; 

14. bronehioles; 15. terminal 
bronehiole; 16. alveolns; 17. h; 


18.j;19. g; 20. d;21.e; 22. n; 

23. a; 24.1; 25. e; 26. k; 27. m; 

28. i; 29. b; 30. f 

Seetìon 2 Revìew 

1. n; 2. i; 3. f; 4. g; 5. h; 6. e; 7. d; 

8. e; 9. b; 10.1; 11. m; 12. k; 

13. j; 14. a; 15. inspiratory reserve 
volume (IRV): the amount of air 
that ean be taken in above the 
tidal volume; 16. tidal volume 
(V^): the amount of air inhaled 
and exhaled during a single 
respiratory eyele while resting; 

17. expiratory reserve volume 
(ERV): the amount of air that ean 
be expelled after a eompletely 
normal, quiet respiratory eyele; 

18. minimal volume: the amount 
of air remaining in the lungs if 
they were to eollapse; 

19. inspiratory eapaeity: the 
amount of air that ean be drawn 
into the lungs after eompleting a 
quiet respiratory eyele; 20 . total 
lung eapaeity: the total volume of 
the lungs; 21. vital eapaeity: the 
maximum amount of air that ean 
be moved into or out of the lungs 
in a single respiratory eyele; 

22. residnal volume: the amount 
of air remaining in the lungs 
after a maximal exhalation; 

23. fnnetional residnal eapaeity 
(FRC): the amount of air that 
remains in the lungs after 
eompleting a quiet respiratory eyele; 

24. External respiration inelndes 
all the proeesses involved in the 
exchange of oxygen and earbon 
dioxide between blood, lungs, 
and the external environment. 
Pnlmonary ventilation, or 
breathing, is a proeess of external 
respiration that involves the 
physieal movement of air into and 
out of the lungs. Internal respiration 
is the absorption of oxygen and 

the release of earbon dioxide by 
tissue eells. 


ehapter Revìew Questìons 


1.40 mm Hg; 2.45 mm Hg; 

3.100 mm Hg; 4.40 mm Hg; 

5.100 mm Hg; 6.40 mm Hg; 

7. 95 mm Hg; 8.40 mm Hg; 9.40 
mm Hg; 10.45 mm Hg; 11.40 mm 
Hg; 12.45 mm Hg; 13. e; 14.1; 
15.c;16. i;17.j;18. b; 19. a; 


20. d;21.k; 22.f;23.h; 24. g; 

25. d; 26. a; 27. b; 28. b; 29. d; 

30. e; 31. The regions of the 
pharynx are (1) the nasopharynx, 
loeated between the soft palate 
and the internal nares; (2) the 
oropharynx, loeated between the 
soft palate and the base of the 
tongue at the level of the hyoid 
bone; and (3) the laryngopharynx, 
which is the portion of the pharynx 
loeated between the hyoid bone 
and entranee to the larynx and 
esophagns. 32. The three ways 
that earbon dioxide is transported 
in blood are (1) as earbonie aeid, 

(2) bound to the protein portion 
of hemoglobin moleenles within 
the RBC, or (3) dissolved in 
plasma as eO^. 33. Breathing 
throngh the nasal eavity is more 
desirable than breathing throngh 
the mouth because the nasal eavity 
eleanses, moistens, and warms 
inhaled air, whereas the mouth 
does not. Breathing throngh the 
mouth eliminates much of the 
eonditioning of inhaled air and 
inereases heat and water loss at 
every exhalation. 


ehapter Integratìon 


1. Alveolar ventilation rate (AVR) 
= respiratory rate X (tidal volume 
— anatomie dead spaee). In this 
ease, the dead spaee is 200 mL 
(the anatomie dead spaee plus the 
volume of the snorkel); therefore, 
AVR = respiratory rate X 
(500 — 200). To maintain an AVR 
of 6.0 L/min, or 6000 mL/minute, 
the respiratory rate must be 6000/ 
(500 — 200), or 20 breaths per 
minute. 2. Jake s hyperventilation 
resnlted in abnormally low Peo^- 
This redneed his urge to breathe, 
so he stayed underwater longer, 
unaware that his Peo^ so low 
that he would lose consciousness. 


GHAPTER 22 

Module Reviews 


Module 22.1 Revìew 

a. The respiratory, eardiovasenlar, 
and nrinary systems all work 


with the digestive system to 
snpport tissnes that have no direet 
eonneetion with the ontside 
environment. b. The organs of 
the digestive traet are the oral 
eavity (mouth), pharynx (throat), 
esophagns, stomaeh, small 
intestine, and large intestine. 
e. The aeeessory organs of the 
digestive system are the teeth, 
tongue, salivary glands, liver, 
gallbladder, and panereas. 

Module 22.2 Review 

a. The mesenteries—sheets 
eonsisting of two layers of serous 
membrane (viseeral peritonenm) 
separated by loose eonneetive 
tissue—support and stabilize 
the organs in the abdominal 
eavity and provide a route for 
the passage of assoeiated blood 
vessels, nerves, and lymphatie 
vessels. b. The four layers of the 
digestive traet beginning from the 
lumen are the mucosa (adjaeent 
to the lumen), submucosa, 
muscularis externa, and serosa. 
e. The submucosal plexus is a 
nerve network that eontains 
sensory nenrons, parasympathetie 
ganglionie nenrons, and 
sympathetie postganglionie 
fibers that innervate the mucosa 
and submucosa. The deeper 
myenterie plexus is a network 
of parasympathetie nenrons, 
internenrons, and sympathetie 
postganglionie fibers that 
lies between the eirenlar and 
longitndinal muscle layers of the 
muscularis externa. 

Module 22.3 Revíew 

a. Smooth muscle fibers in either 
the eirenlar or longitndinal 
layers of the muscularis externa 
lie parallel to eaeh other. In 

a longitndinal seetion of the 
digestive traet, the fibers of the 
snperfieial eirenlar layer appear 
as little round balls, whereas the 
fibers of the deeper longitndinal 
layer are spindle shaped. 

b. Smooth muscle fibers are 
spindle shaped; laek T tubules, 
myofibrils, and sareomeres; and 
the sareoplasmie reticulum forms 
a loose network throughout the 
sareoplasm. Because the tissue 
laeks sareomeres, it is nonstriated. 
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Additionally, the thin filaments 
are anehored to dense bodies. 
e. Smooth mnsele ean eontraet 
over a wider range of resting 
lengths eompared with skeletal 
mnsele beeanse of the looser 
organization of aetin and myosin 
filaments in smooth mnsele. 




Modale 22.4 Revìew 

a. The waves of eontraetions that 
eonstitnte peristalsis are more 
effieient in propelling intestinal 
eontents along the digestive 
traet than segmentation, which 
is basieally a ehnrning aetion 
that mixes intestinal eontents 
with digestive flnids. b. The 
major meehanisms that regnlate 
and eontrol digestive aetivities 
are loeal faetors (stimnli for 
digestive aetivities, such as 
ehanges in pH or distortion of 
the intestinal lumen), neural 
meehanisms (myenterie reflexes), 
and hormonal meehanisms 
(involving nenroendoerine eells). 
e. Enteroendoerine eells are 
endoerine eells seattered among 
the epithelial eells lining the 
digestive traet that seerete peptide 
hormones important to digestion. 


Modale 22.5 Revìew 

a. Ingestion is the entry of foods 
and liquids into the oral eavity of the 
digestive traet. b. Digestion is the 
ehemieal and enzymatie breakdown 
of food into small moleenles. 
Absorption is the movement of 
moleenles and other snbstanees 
aeross the digestive epithelinm 
and into the interstitial fluid of 
the digestive traet. e. Compaction 
is the dehydration of indigestible 
materials and organie wastes prior 
to elimination from the body. 


Module 22.6 Revìew 

a. The oral eavity is lined by 
stratified squamous epithelium, 
which provides proteetion against 
frietion and abrasion. b. The 
hard palate forms the roof of the 
mouth. e. The fauces is the arehed 
opening between the oral eavity 
and the oropharynx. 

Module 22.7 Revìew 

a. The four types of teeth are 
ineisors, enspids (eanines), 
bienspids (premolars), and 
molars. A typieal tooth has a 


crown, a neek, and a root. b. The 
primary dentition is typieally 
eomposed of 20 deciduous teeth 
(also ealled primary teeth, milk 
teeth, or baby teeth), which are 
temporary and the first teeth to 
appear in ehildren. The seeondary 
dentition is typieally eomposed 
of 32 permanent teeth that 
appear subsequent to the primary 
dentition. e. The third set of 
molars is sometimes ealled the 
wisdom teeth. 

Module 22.8 Revìew 

a. The pharynx is an anatomieal 
spaee that serves as a eommon 
passageway in the digestive 
and respiratory traets; in its 
digestive fnnetion, it reeeives a 
food bolus or liquids and passes 
them to the esophagns as part 
of the swallowing proeess. 

b. The esophagns is the structure 
eonneeting the pharynx to the 
stomaeh. e. During the buccal 
phase, food is formed into a bolus; 
during the pharyngeal phase, the 
bolus eontaets the palatal arehes 
and moves into the esophagns; 
during the esophageal phase, 
swallowing begins as pharyngeal 
mnseles eontraet and the bolus 

is moved toward the stomaeh by 
peristaltie waves. 

Module 22.9 Revìew 

a. The faleiform ligament is 
a sheet of mesentery that is a 
remnant of the ventral mesentery 
between the liver and the anterior 
wall of the peritoneal eavity. 

b. The lesser omentnm stabilizes 
the position of the stomaeh and 
provides an aeeess route for blood 
vessels (and other structures) 
entering or leaving the liver. 

e. Peritoneal fluid separates the 
parietal and viseeral snrfaees of 
the peritoneal eavity and prevents 
frietion and subsequent irritation 
during sliding movements of 
organs enelosed by the peritoneal 
eavity. 

Module 22.10 Revìew 

a. The four major regions of 
the stomaeh are the eardia, 
fundus, body, and pylorns. b. The 
muscularis externa of the stomaeh 
is an additional inner, oblique 
layer of smooth muscle. The 
longitudinal, eirenlar, and oblique 


orientations of the muscle fibers in 
the three layers of the muscularis 
externa allow for the mixing and 
ehnrning aetions neeessary for 
ehyme formation. e. The inner 
lining of the stomaeh eontains 
rugae, mucosal folds in the 
lining of the empty stomaeh that 
disappear as gastrie distension 
occurs. 

Module 22.11 Revìew 

a. The alkaline mucous layer 
proteets epithelial eells against the 
aeid and enzymes in the gastrie 
lumen. b. Parietal eells seerete 
intrinsie faetor and hydroehlorie 
aeid (HC1). e. The alkaline tide is a 
sudden influx of biearbonate ions 
into the bloodstream from parietal 
eells that are aetively seereting 
HC1; it causes a temporary 
inerease in blood pH. 

Module 22.12 Revìew 

a. The layers of the small intestine 
from snperfieial to deep are the 
mucosa, submucosa, muscularis 
externa, and serosa. b. The 
intestinal mucosa has transverse 
folds ealled eirenlar folds that have 
small projeetions ealled intestinal 
villi. These folds and projeetions 
inerease the snrfaee area available 
for absorption. Eaeh villus 
eontains a terminal lymphatie 
eapillary ealled a laeteal. Between 
the bases of the villi are intestinal 
glands lined by enteroendoerine, 
mucous, and stem eells. e. Laeteals 
are lymphatie eapillaries in the 
intestinal villi that transport 
materials that eannot enter blood 
eapillaries, such as absorbed fatty 
aeids eombined with proteins. 

Module 22.13 Revìew 

a. The three segments of the 
small intestine are the duodenum, 
jejunum, and ileum. b. The 
proximal portion of the duodenum 
is found within the epigastrie 
region. e. The duodenum is 
the intestinal “mixing bowl.” Its 
primary fnnetion is to reeeive 
ehyme from the stomaeh and 
nentralize its aeids to avoid 
damaging the absorptive snrfaees 
of the remaining regions of the 
small intestine. It also reeeives 
digestive seeretions from the 
panereas and liver. 


Module 22.14 Revìew 

a. The five major hormones that 
regnlate digestive aetivities are 
gastrin, seeretin, gastrie inhibitory 
peptide (GIP), eholeeystokinin 
(CCK), and vasoaetive intestinal 
peptide (VIP). b. If the small 
intestine did not prodnee 
seeretin, the pH of the intestinal 
eontents would be lower (more 
aeidie) than normal, beeanse 
seeretin stimnlates the panereas 
to release a fluid high in bnffers 
that nentralizes the aeidie ehyme 
entering the duodenum from the 
stomaeh. e. A high-fat meal raises 
the eholeeystokinin (CCK) level in 
the blood. 

Module 22.15 Revìew 

a. The three phases of gastrie 
seeretion (named aeeording to 
the loeation of the eontrol eenter 
involved) are the eephalie phase, 
which prepares the stomaeh 
to reeeive ingested materials; 
the gastrie phase, which begins 
with the arrival of food in the 
stomaeh; and the intestinal 
phase, which eontrols the rate 
of gastrie emptying. b. Severing 
the branehes of the vagus nerves 
that supply the stomaeh would 
interrupt parasympathetie 
stimulation of gastrie seeretions, 
and the consequent rednetion 
in aeid seeretions would provide 
some relief from the pain of gastrie 
ulcers. e. The two eentral reflexes 
triggered by stimnlation of streteh 
reeeptors in the stomaeh wall are 
the gastroenterie reflex, which 
stimnlates motility and seeretion 
along the entire small intestine, 
and the gastroileal reflex, which 
triggers the opening of the 
ileoeeeal valve to allow passage of 
materials from the small intestine 
into the large intestine. 

Module 22.16 Revìew 

a. The major fnnetions of the 
large intestine are (1) reabsorbing 
water and eompaeting material 
into feees, (2) absorbing vitamins 
prodneed by baeteria, and 
(3) storing feeal material prior 
to defeeation. b. The segments 
of the large intestine are the 
cecum, eolon, and rectum. The 
four regions of the eolon are the 
aseending eolon, transverse eolon. 


AN-42 


deseending eolon, and sigmoid 
eolon. e. Mass movements are 
powerful peristaltie eontraetions 
that occur a few times daily in 
response to distension of the 
stomaeh and duodenum. 

Modale 22.17 Revìew 

a. The large intestine is larger in 
diameter and shorter in length 
than the small intestine, but its 
relatively thin wall laeks villi and 
has an abnndanee of mucous eells 
and distinetive intestinal glands 
(dominated by mucous eells). 

b. Hemorrhoids are distended 
(swollen) veins in the distal 
portion of the rectum that may 
result from straining during 
defeeation. e. The two positive 
feedbaek loops in the defeeation 
reflex are (1) the short reflex, 
whereby streteh reeeptors in 
the reetal walls promote a series 
of peristaltie eontraetions in 
the eolon and rectum, moving 
feees into the anal eanal; and 
(2) the long reflex, whereby 
parasympathetie motor nenrons 
in the saeral spinal eord, also 
aetivated by streteh reeeptors, 
stimnlate peristalsis by motor 
eommands distribnted by somatie 
motor nenrons. 

Modale 22.18 Revìew 

a. The salivary glands prodnee 
seeretions that eontain mucins 
and enzymes that are essential 
to normal digestive fnnetion. 

b. The exocrine seeretions of 
the panereas are bnffers and 
digestive enzymes. The endoerine 
seeretions are insnlin, glneagon, 
panereatie polypeptide, and 
GH-IH hormones. e. The liver 

is the aeeessory organ of the 
digestive system that has almost 
200 known fnnetions. 

Module 22.19 Revíew 

a. The three pairs of salivary 
glands are the parotid, sublingual, 
and submandibular salivary 
glands. b. Damage to the parotid 
salivary glands, which seerete the 
enzyme salivary amylase, would 
interfere with the digestion of 
starehes (complex earbohydrates). 
e. The sublingual salivary glands 
eontribnte least (about 5 pereent) to 
the seeretions that make up saliva. 


Module 22.20 Revìew 

a. The liver is divided into left, 
right, eandate, and quadrate lobes. 

b. The faleiform ligament marks 
the division between the left lobe 
and the right lobe of the liver. 

e. The gallbladder temporarily 
stores bile prodneed by the liver. 

Module 22.21 Revìew 

a. A hepatoeyte is a liver eell. 

b. A portal area is loeated at 
eaeh of the six eorners of a liver 
lobule; eaeh portal area eontains 
(1) a braneh of the hepatie portal 
vein, (2) a braneh of the hepatie 
artery proper, and (3) a small 
braneh of the bile duct. e. Kupffer 
eells are liver maerophages that 
engulf pathogens, eell debris, and 
damaged blood eells. 

Module 22.22 Revìew 

a. Emnlsifieation is the breaking 
apart of lipid droplets by bile salts. 

b. The pathway of a drop of bile: 
hepatie ducts ^ eommon hepatie 
duct ^ eommon bile duct ^ 
duodenal ampnlla and papilla ^ 
dnodenal lumen; e. The panereas 
prodnees panereatie juice that 
eontains bnffers and several 
digestive enzymes neeessary for 
the breakdown of starehes, lipids, 
nneleie aeids, and proteins. 

Module 22.23 Revìew 

a. Periodontal disease is 
eharaeterized by a loosening of the 
teeth within the alveolar soekets 
due to erosion of the periodontal 
ligaments by aeids prodneed by 
baeterial aetion. b. Gholeeystitis 
is inflammation of the gallbladder, 
usually resulting from a bloekage 
of the eystie duct or the eommon 
bile duct by gallstones. e. The 
baeterinm responsible for most 
peptie ulcers is Helieobaeter 
pylorL 


Seetíon Revíews 


Seetìon 1 Revíew 

1. mesenterie artery and vein; 

2. mesentery; 3. eirenlar fold; 

4. mucosa; 5. submucosa; 

6. muscularis externa; 7. serosa; 

8. d; 9. e; 10. a; 11. g; 12. b; 13. e; 
14. i;15.m;16. l;17.f;18. n; 
19.j;20.k;21.h; 22.Witha 
deerease in smooth muscle tone. 


general motility along the digestive 
traet deereases, and peristaltie 
eontraetions are weaker. 

Seetìon 2 Revìew 

1. crown; 2. neek; 3. root; 

4. enamel; 5. dentin; 6. pulp 
eavity; 7. gingiva; 8. gingival 
sulcus; 9. cementum; 

10. periodontal ligament; 11. root 
eanal; 12. bone of alveolns; 

13. material in jejunum; 

14. gastrin; 15. GIP; 16. seeretin 
and CCK; 17. VIP; 18. inhibits; 

19. aeid prodnetion; 20. insnlin; 

21. bile; 22. intestinal eapillaries; 
23. gallbladder; 24. nntrient 
ntilization by tissnes; 25. Both 
parietal eells and ehief eells are 
seeretory eells found in the gastrie 
glands of the wall of the stomaeh. 
However, parietal eells seerete 
intrinsie faetor and hydroehlorie 
aeid, whereas ehief eells 
seerete pepsinogen, an inaetive 
proenzyme. 

Seetìon 3 Revìew 

1. bile ductule; 2. hepatoeytes; 

3. eentral vein; 4. interlobnlar 
septum; 5. sinusoid; 6. braneh of 
hepatie artery proper; 7. braneh of 
hepatie portal vein; 8. bile duct; 

9. portal area (portal triad); 

10. g;11.h;12.m;13.j;14.1; 

15. n;16. b;17. e;18.f;19. a; 

20. i; 21. d; 22. k; 23. e; 24. Saliva 
(1) continuously flushes and 
eleans oral snrfaees, (2) eontains 
bnffers that prevent the buildup of 
aeids produced by baeterial aetion, 
and (3) eontains antibodies (IgA) 
and lysozyme, which help eontrol 
the growth of oral baeterial 
popnlations. 25. Such a bloekage 
would interfere with the release 
of seeretions into the duodenum 
by the panereas, gallbladder, and 
liver. The panereas normally 
seeretes about 1 liter of panereatie 
juice, a mixture of a variety of 
digestive enzymes and buffer 
solution. The bloekage of 
panereatie juice would lead to 
panereatitis, an inflammation of 
the panereas. Extensive damage 
to exocrine eells by the bloeked 
digestive enzymes would lead to 
autolysis that could destroy the 
panereas and result in the persons 
death. Bloekage of bile seeretion 
from the eommon bile duct could 


lead to damage of the wall of the 
gallbladder by the formation of 
gallstones and to janndiee beeanse 
bilirnbin from the liver would 
not be excreted in the bile and, 
instead, would accumulate in body 
fluids. 


ehapter Revíew Questíons 


1. gallbladder; 2. fundus; 3. body; 

4. neek; 5. eystie duct; 6. eommon 
bile duct; 7. panereatie duct; 

8. round ligament; 9. left and 
right hepatie ducts; 10. eommon 
hepatie duct; 11. hepatie portal 
vein and hepatie artery proper; 

12. true; 13. false; 14. false; 

15. true; 16. false; 17. true; 

18. a;19. b; 20. b;21.a; 22. d; 

23. b; 24. The four different types 
of teeth are ineisors, enspids, 
bienspids, and molars. There 
are 20 deciduous teeth and 32 
permanent teeth. 25. The three 
phases of gastrie seeretion are 
the eephalie phase, the gastrie 
phase, and the intestinal phase. 
The eephalie phase of gastrie 
seeretion begins when you see, 
smell, taste, or think of food. The 
GNS is preparing the stomaeh 
to reeeive food. The gastrie 
phase is when food arrives in the 
stomaeh. It inelndes distension of 
the stomaeh, an inerease in pH, 
and the presenee of nndigested 
materials. The intestinal phase is 
when ehyme first enters the small 
intestine. 26. The hepatie portal 
system is a venous portal system 
in which the hepatie portal vein 
reeeives blood from eapillaries of 
most of the abdominal viseera and 
delivers it to the hepatie sinnsoids. 


ehapter Integratíon 


1. Gastrie stapling wouId result 
in weight loss beeanse the volume 
of food (and thus the amount of 
ealories) eonsnmed is redneed 
beeanse the person feels full after 
eating only a small amount. 

2. After gastrie stapling snrgery, 
the person ean eat only a small 
amount of food before the streteh 
reeeptors in the gastrie wall 
beeome stimnlated and a feeling 
of fnllness resnlts. 3. The smooth 
muscle in the gastrie muscularis 


AN-43 


A N S W E R S 








A N S W E R S 


externa of the fnnetional portion 
of the stomaeh gradnally beeomes 
inereasingly tolerant of distention, 
and the operation may have to 
be repeated to aehieve the same 
resnlts. 4. Gastrie bypass and 
lap-band snrgeries, like gastrie 
stapling, rednee gastrie eapaeity, 
thereby deereasing the amonnt of 
food a person ean ingest before 
feeling full. 


CHAPTER23 

Module Revievvs 


Modale 23.1 Revìew 

a. Metabolism refers to all 
the ehemieal reaetions that 
occur in an organism. Cellular 
metabolism refers to the 
ehemieal reaetions within eells. 

b. Gatabolism is the breakdown 
of organie snbstrates in the body, 
whereas anabolism is the synthesis 
of new organie moleenles. 

e. Metabolie tnrnover is the 
proeess in which eells continuously 
break down and replaee all their 
organie eomponents except DNA. 

Module 23.2 Revìew 

a. The nntrient pool within a 
eell inelndes all the organie 
snbstrates in the eytosol that 
are available for anabolism or 
eatabolism. b. Gells earry out 
eatabolism to release energy for 
use in eell growth, eell division, 
and tissue-specific aetivities. 
e. Gells make new eomponnds to 
maintain and repair structures, to 
support growth, and to build up 
nutrient reserves. 

Module 23.3 Revìew 

a. The eitrie aeid eyele is the 
reaetion sequence that occurs in 
the matrix of mitoehondria. In 
the proeess, organie moleenles 
are broken down, earbon dioxide 
moleenles are released, and 
hydrogen atoms are transferred 
to eoenzymes that deliver them 
to the eleetron transport system. 

b. The eommon snbstrate for the 
eitrie aeid eyele in mitoehondria is 
the 2-earbon moleenle of aeetate, 
GH^eOO", which is attaehed to 
eoenzyme A to form acetyl-CoA. 


e. Hydrogen atoms are transferred 
to the eleetron transport system 
by way of the eoenzymes NAD 
and FAD. 

Module 23.4 Revíew 

a. Oxidative phosphorylation 
is the generation of ATP within 
mitoehondria in a reaetion 
sequence that requires eoenzymes 
and eonsnmes oxygen. 

b. Gytoehromes are embedded 
in the inner mitoehondrial 
membrane. e. Hydrogen ion 
ehannels are the passageways for 
the diffnsion of hydrogen ions 
from the inner membrane spaee 
of the mitoehondria to the matrix. 
This movement of hydrogen ions 
powers the prodnetion of ATP by 
ATP synthase. 

Module 23.5 Revìew 

a. Digestion is important 
beeanse eells throughout the body 
rely on the organie moleenles 
from the food we eat for energy 
prodnetion and to replenish the 
intraeellnlar nntrient pool. b. Most 
nntrient absorption occurs in the 
small intestine, primarily in the 
jejunum. e. Most nutrients enter 
into a braneh of the hepatie portal 
vein and are transported to the 
liver. 

Module 23.6 Revìew 

a. Intestinal gas, or flatus, is 
generated by baeterial aetivities 
in the eolon when indigestible 
earbohydrates stimnlate baeterial 
gas prodnetion. b. Glyeogen is 
synthesized from excess glneose 
moleenles by liver and muscle 
eells, and serves as an intraeellnlar 
glneose reserve. e. Garbohydrates 
are the preferred energy source 
because proteins and lipids are 
more important as structural 
eomponents of eells and tissnes. 

Module 23.7 Revíew 

a. The prodnets are two moleenles 
eaeh of pyrnvate, ATP, and 
NAD^H. b. Most (two-thirds) of 
the eO^ released in the eomplete 
eatabolism of glneose occurs 
during the eitrie aeid eyele. e. ATP 
prodneed anaerobieally throngh 
glyeolysis is important during 
peak levels of physieal aetivity, in 
red blood eells, or when a tissue is 
temporarily deprived of oxygen. 


Module 23.8 Revìew 

a. Mieelles are lipid-bile salt 
complexes (eontaining fatty aeids, 
glyeerol, and monoglyeerides) 
formed in the intestinal lumen. 
ehylomierons are lipoproteins 
formed in intestinal epithelial eells 
and eontain newly synthesized 
triglyeerides, eholesterol, and 
other lipids surrounded by 
phospholipids and proteins. 

b. The liver absorbs ehylomierons, 
removes the triglyeerides, 
eombines the eholesterol from 
the ehylomieron with reeyeled 
eholesterol, and alters the snrfaee 
proteins. Newly synthesized 
complexes are released into 

the bloodstream as low density 
lipoproteins (LDLs) or very low 
density lipoproteins (VLDLs). 
e. Low density lipoproteins (LDLs) 
deliver eholesterol to body tissnes, 
and high density lipoproteins 
(HDLs) absorb unused eholesterol 
from body tissues, returning it to 
the liver where it may be paekaged 
into new LDLs or excreted with 
bile salts in bile. 

Module 23.9 Revìew 

a. Beta-oxidation is fatty aeid 
eatabolism that prodnees 
moleenles of acetyl-CoA. b. Aeetyl- 
CoA is a reaetant moleenle in ATP 
prodnetion and in the synthesis of 
most types of lipids. e. Fatty aeids 
may beeome a source of energy 
or a eomponent of triglyeerides, 
glyeolipids, phospholipids, 
prostaglandins, eholesterol, and 
steroids. 

Module 23.10 Revìew 

a. The arrival of aeidie ehyme 
in the duodenum triggers the 
release of CCK, which stimulates 
the production and release of 
inaetive panereatie proenzymes. 
Enteropeptidase, released 
from the duodenum, eonverts 
the panereatie proenzyme 
trypsinogen into the proteolytie 
enzyme, trypsin. Trypsin then 
eonverts other proenzymes 
to yield ehymotrypsin, 
carboxypeptidase, and elastase. 
Eaeh of these enzymes attaeks 
peptide bonds that link speeifie 
amino aeids while ignoring 
others. As a result, they break 
down proteins into a mixture 


of dipeptides, tripeptides, and 
amino aeids. b. The amino group 
is removed by deamination 
or transamination. e. The 
ammoninm ions eombine with 
earbon dioxide to form urea (in 
the urea eyele), which is ultimately 
excreted in the urine. 

Module 23.11 Revíew 

a. The absorptive state, lasting 
about 4 hours, is the period 
following a meal, when nntrient 
absorption is under way. The 
postabsorptive state, lasting 
about 12 hours, is the period 
when nntrient absorption is not 
under way and the body relies 
on internal energy reserves to 
meet demands. b. Ketone bodies 
form during the postabsorptive 
state when lipids and amino aeids 
are broken down in the liver. 

The inereased eoneentration 
of acetyl-CoA that resnlts from 
their breakdown forms ketone 
bodies. Ketone bodies are not 
eatabolized by liver eells, and 
they diffnse into the eirenlation. 
e. During the absorptive state, 
insnlin prevents a large surge 
in blood glneose after a meal by 
stimnlating the liver to remove 
glneose from the eirenlation. 
During the postabsorptive 
state, blood glneose begins to 
deerease, triggering the release 
of glneagon, which stimnlates the 
liver to release glneose into the 
eirenlation. 

Module 23.12 Revìew 

a. Nntrition is the absorption 
of nntrients from food. b. The 
two elasses of vitamins are 
fat-soluble vitamins and water- 
solnble vitamins. e. Vitamins 
play an important role in 
metabolie pathways by serving as 
eoenzymes. 

Module 23.13 Revìew 

a. A balaneed diet eontains 
all the ingredients needed to 
maintain homeostasis and prevent 
malnntrition. b. The eatabolism of 
lipids releases the greatest amount 
of energy per gram. e. A eomplete 
protein meets the body s amino 
aeid requirements; an ineomplete 
protein is defieient in one or more 
of the essential amino aeids. 
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Modale 23.14 Revìew 

a. Eating disorders are 
psyehologieal problems that 
resnlt in inadequate food 
consumption (anorexia nervosa) 
or excessive food eonsnmption 
followed by pnrging (bnlimia). 

b. Phenylketonnria (PKU) is an 
inherited metabolie disorder 
resnlting from an inability 

to eonvert phenylalanine to 
tyrosine. e. Protein defieieney 
diseases are nntritional disorders 
resnlting from a laek of one or 
more essential amino aeids. 
Kwashiorkor is an example of a 
protein defieieney disease. 

Modale 23.15 Revìew 

a. Energeties is the study of the 
flow of energy and its ehange 
from one form to another. 

b. Basal metabolie rate is 
the minimnm resting energy 
expenditure of an awake, alert 
person. e. Thermoregnlation is 
the homeostatie eontrol of body 
temperatnre. 

Module 23.16 Revíew 

a. A laek of nenropeptide Y, a 
hypothalamie nenrotransmitter, 
would probably deerease appetite 
because it normally stimnlates 
the feeding eenter. b. Ghrelin, a 
hormone seereted by the gastrie 
mucosa when the stomaeh is not 
full, inhibits the satiety eenter and 
stimnlates appetite. e. Leptin is 
a peptide hormone prodneed by 
adipose tissue during the synthesis 
of triglyeerides. It stimnlates the 
satiety eenter and snppresses 
appetite. 

Module 23.17 Revìew 

a. Insensible perspiration is the 
evaporation of water from the 
skin and alveolar snrfaees of the 
lungs. b. Radiation aeeonnts for 
about one-half of a persons heat 
loss indoors. e. Conduction is the 
direet transfer of heat throngh 
physieal eontaet. Gonveetion 
is heat loss to the eooler air in 
eontaet with the skin. The air 
warmed by the skin rises and it 
is repeatedly replaeed by eooler 
air until there is no differenee in 
temperatnre. 

Module 22.18 Revìew 

a. The vasodilation of peripheral 
vessels would inerease blood flow 


to the skin and thus the amount of 
heat the body ean lose. As a result, 
body temperature would deerease. 
b. Nonshivering thermogenesis 
involves the release of hormones 
that inerease the metabolie 
aetivity of all tissnes, resnlting in 
an inerease in body temperatnre. 
e. Countercurrent exchange is the 
heat eonservation meehanism that 
resnlts in the eondnetion of heat 
from deep arteries to adjaeent 
deep veins in the limbs. 


Seetìon Revìews 


Seetìon 1 Revíew 
1. d; 2. a; 3. e; 4. k; 5. f; 6. j; 7. g; 
8. b; 9. c;10. h;11.i;12.c; 
13.e;14.f;15.m;16. b;17. a; 
18.j;19.1; 20. n;21.g; 22. k; 

23. h; 24. d; 25. i; 26. During 
fasting or starvation, other tissnes 
shift to fatty aeid eatabolism 
or amino aeid eatabolism, to 
eonserve glneose for neural tissue. 

Seetìon 2 Revìew 

1. m; 2. n; 3. j; 4. g; 5. a; 6. k; 

7. d; 8.1; 9.f;10. c;11.i;12.h; 
13.e;14. b;15.d;16. a;17. d; 

18. b; 19. Essential amino aeids 
are neeessary in the diet beeanse 
the body eannot synthesize 
them. The body ean synthesize 
nonessential amino aeids on 
demand. 20. (1) Proteins are 
diffienlt to break apart beeanse of 
their complex three-dimensional 
structure. (2) The energy yield 
of proteins (4.32 Cal/g) is less 
than that of lipids (9.46 Cal/g). 

(3) The byprodnets of protein 
or amino aeid eatabolism are 
ammoninm ions, a toxin that ean 
damage eells. (4) Proteins form 
the most important structural and 
fnnetional eomponents 
of eells. Excessive protein 
eatabolism would threaten 
homeostasis at the eellnlar to 
system levels of organization. 

21. During the absorptive state, 
the intestinal mucosa is absorbing 
nntrients from the digested 
food. In the postabsorptive 
state, metabolie aetivity eenters 
on the mobilization of energy 
reserves and the maintenanee 

of normal blood glneose levels. 

22. Liver eells ean break down or 
synthesize most earbohydrates. 


lipids, and amino aeids. The liver 
has an extensive blood supply 
and thus ean easily monitor and 
regnlate the blood levels of these 
nntrients. The liver also stores 
energy in the form of glyeogen. 

23. It appears that Claudia is 
suffering from ketoaeidosis as 
a consequence of her anorexia. 
Beeanse she is literally starving 
herself, her body is metabolizing 
large amonnts of fatty aeids and 
amino aeids to provide energy 
and in the proeess is prodneing 
large quantities of ketone bodies 
(normal metabolites from these 
eatabolie proeesses). One of the 
ketones formed is aeetone, which 
ean be eliminated throngh the 
lungs. Aeetone has a fruity aroma, 
so her breath would also smell 
fruity. The ketones are organie 
aeids and when they accumulate 
in the blood, they would deerease 
the blood pH, and when the 
ketone bodies spill over into the 
urine, they would deerease the 
pH in urine. (In severe eases of 
ketoaeidosis, the ketone bodies 
may lower blood pH below 7.05, 
which may cause eoma, eardiae 
arrhythmias, and death.) 

Seetìon 3 Revìew 
l.j; 2.d; 3.i; 4.f;5.m; 6.1; 7. h; 
8. k; 9. b; 10. a; 11. e; 12. n; 
13.e;14. g;15.d;16. b;17.c; 

18. e; 19. a; 20. a; 21. The 
amount of energy used or 
expended at rest is powered by 
mitoehondrial energy prodnetion, 
which requires oxygen. Using the 
relationship of 4.825 Calories/L 
of oxygen, a measnrement of 
the oxygen eonsnmed provides 
an estimate of the energy 
expenditure. 22. The heat-gain 
eenter fnnetions in preventing 
hypothermia, or below-normal 
body temperatnre, by eonserving 
body heat and inereasing the rate 
of heat prodnetion by the body. 
23. Nonshivering thermogenesis 
inereases the metabolie rate of 
most tissnes throngh the aetions 
of two hormones, epinephrine 
and thyroid-stimnlating hormone 
(TSH). In the short term, the 
heat-gain eenter stimnlates the 
adrenal mednllae to release 
epinephrine by the sympathetie 
division of the ANS. Epinephrine 


quickly inereases the breakdown 
of glyeogen (glyeogenolysis) in 
the liver and skeletal muscle, 
and it inereases the metabolie 
rate of most tissnes. The long- 
term inerease in metabolism 
occurs primarily in ehildren as 
the heat-gain eenter adjnsts the 
rate of thyrotropin-releasing 
hormone (TRH) release by the 
hypothalamns. When body 
temperatnre is low, additional 
TRH is released, which stimnlates 
the release of TSH by the anterior 
lobe of the pitnitary gland. The 
thyroid gland then inereases its 
rate of thyroid hormone release, 
and these hormones inerease the 
rate of eatabolism throughout the 
body. 


ehapter Revìew Questìons 


1. false; 2. true; 3. true; 4. false; 

5. false; 6. true; 7. d; 8. a; 9. e; 

10. b;11.a;12.b;13.d;14. b; 

15. a; 16. a; 17. Some of the energy 
released during eatabolism is 
eaptnred as ATP, and this ATP ean 
be used as the energy source for 
anabolism. 18. A eholesterol level 
above 200 mg/dL is eonsidered 
elevated. Elevated eholesterol plus 
a high LDL:HDL ratio ean result 
in atheroselerotie plaques that ean 
cause heart attaeks and strokes. 

19. Too much of a vitamin ean 
prodnee harmfnl effeets in a 
eondition ealled hypervitaminosis. 
This eondition most eommonly 
involves one of the fat-soluble 
vitamins. 20. A ealorie is the 
energy needed to raise the 
temperatnre of 1 g of water 1°C. A 
kiloealorie is the amount of energy 
needed to raise the temperatnre of 
1 kilogram of water 1°C. A Galorie 
is equal to a kiloealorie. 


ehapter Integratìon 


1. Vitamins and minerals are 
essential eomponents of the 
diet beeanse the body eannot 
synthesize most of the vitamins 
and minerals it requires. 2. These 
terms refer to the lipoproteins 
in the blood that transport 
eholesterol. So-ealled “good 
eholesterol” (high density 
lipoproteins, or HDLs) transports 
excess eholesterol to the liver for 
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storage and breakdown, whereas 
“bad eholesterol” (low density 
lipoproteins, or LDLs) transports 
eholesterol to peripheral tissnes, 
which inelndes the arteries. The 
bnildnp of eholesterol in arterial 
walls is linked to eardiovasenlar 
disease. 3. HDLs are eonsidered 
benefieial beeanse they rednee 
the amonnt of eholesterol in the 
bloodstream by transporting 
it to the liver for storage or 

I excretion in bile. 4. Glyeogenesis 
(the synthesis of glyeogen from 
glneose) in the liver inereases 
after a high-earbohydrate meal. 

5. A diet defieient in pyridoxine 
(vitamin B^) would interfere with 
the body s ability to metabolize 
proteins. Subsequent effeets of 
the defieieney inelnde retarded 
growth, anemia, eonvnlsions, and 
epithelial ehanges. 


CHAPTER24 

Module Revievvs 


Modale 24.1 Revìew 

a. The kidneys perform the 
excretory fnnetions of the nrinary 
system. b. The nrinary traet is 
eomposed of the nreters, nrinary 
bladder, and nrethra. e. The 
fnnetions of the nrinary system 
inelnde adjnsting blood volume 
and pressnre, regnlating blood 
plasma eoneentrations of ions, 
stabilizing blood pH, eonserving 
nntrients by preventing their loss 
in urine, and removing drugs and 
toxins from the bloodstream. 

Modale 24.2 Revìew 

a. The main structures of the 
urinary system are the kidneys, 
nreters, nrinary bladder, 
and nrethra. b. The layers of 
eonneetive tissue that proteet and 
anehor the kidney are the fibrons 
eapsnle, the perinephrie fat 
(perinephrie fat eapsnle), and the 
renal faseia. The fibrons eapsnle 
eovers the snrfaee of the kidney, 
the perinephrie fat is a thiek layer 
of adipose tissue surrounding 
the fibrons eapsnle, and the renal 
faseia is a dense, fibrons outer 
layer that anehors the kidney 
to surrounding structures. e. If 


the perinephrie fat, which helps 
hold the kidneys in position 
against the posterior body wall, 
were depleted, the kidneys could 
drop, which may cause pain or 
distortion of other structures. 

Module 24.3 Review 

a. The renal pyramid is a eonieal 
mass within the renal mednlla that 
ends at the papilla. b. The renal 
papilla is the tip of the eonieally 
shaped renal pyramid; it empties 
formed urine into the renal pelvis. 
e. Juxtamedullary nephrons are 
essential for the eonservation 
of water and the prodnetion of 
eoneentrated urine. 

Module 24.4 Revìew 

a. Filtrate is similar to blood 
plasma, but filtrate does not 
eontain proteins. b. The primary 
structures of the nephron are 
the renal eorpnsele and the 
renal tubule, which is divided 
into the proximal eonvolnted 
tubule, nephron loop, and distal 
eonvolnted tubule. The main 
structures of the eolleeting 
system are the eolleeting duct 
and papillary duct. e. The 
renal eorpnsele eonsists of the 
glomernlar eapsnle and the 
glomerulus. 

Module 24.5 Revìew 

a. Pathway of renal blood 
flow: renal artery ^ segmental 
arteries ^ interlobar arteries 
^ arenate arteries ^ eortieal 
radiate arteries ^ afferent 
arterioles ^ glomerulus ^ 
efferent arterioles ^peritubular 
eapillaries ^ eortieal radiate veins 
^ arenate veins ^ interlobar 
veins ^ renal vein. b. Blood 
enters the glomerulus by the 
afferent arteriole and leaves by 
the efferent arteriole. e. The vasa 
reeta are long, straight peritubular 
eapillaries that parallel the 
nephron loop of a juxtamedullary 
nephron. 

Module 24.6 Revìew 

a. Three solntes excreted in urine 
are urea (from liver breakdown of 
amino aeids), ereatinine (from the 
breakdown of ereatine phosphate), 
and uric aeid (from the reeyeling 
of the nitrogenons bases of RNA). 

b. During filtration, fluids and 


solntes move from the glomernlar 
eapillaries and into the eapsnlar 
spaee. During reabsorption, fluids 
and solntes move from the tubular 
fluid and into the peritubular 
fluid. During seeretion, fluids and 
solntes move from the peritubular 
fluid and into the tubular fluid. 
e. Blood pressure is required for 
filtration. 

Module 24.7 Revìew 

a. The three distinet proeesses 
of urine formation in the kidney 
are filtration, reabsorption, and 
seeretion. b. Filtration exclusively 
occurs aeross the filtration 
membrane in the renal eorpnsele. 
e. The nephron loop is solely 
involved in the reabsorption of 
water and sodium and ehloride 
ions. 

Module24.8 Revìew 

a. The eapsnlar spaee separates 
the parietal and viseeral layers of 
the glomernlar eapsnle. b. Blood 
pressnre is higher in glomernlar 
eapillaries than systemie 
eapillaries beeanse the efferent 
arteriole has a smaller diameter 
than the afferent arteriole. 
e. Blood eolloidal pressnre tends to 
draw water out of the filtrate and 
into the plasma beeanse the solute 
eoneentration within the blood 
exceeds that within the filtrate. 

The “advantage” that resnlts when 
blood eolloidal pressnre draws 
water out of the filtrate and into 
the plasma is that this aetion helps 
eonserve body water. 

Module24.9 Revìew 

a. In response to deereased 
filtration pressnre, the 
juxtaglomerular complex 
inereases renin prodnetion and 
release into the bloodstream. 

b. Angiotensin II causes efferent 
arteriole eonstrietion, which 
inereases glomernlar blood 
pressnre. e. Angiotensin II triggers 
CNS neural responses, inelnding 
enhaneing the sensation of thirst 
and inereasing antidinretie 
hormone (ADH) prodnetion. 

Module 24.10 Revìew 

a. The distal eonvolnted tubule 
(DCT) makes final adjnstments 
to the eomposition of tubular 
fluid. b. inereased amonnts of 


aldosterone, which promotes Na+ 
retention and seeretion by 
the kidneys, would inerease the 
eoneentration of urine. e. If 
the eoneentration of Na^ in the 
filtrate deereased, fewer hydrogen 
ions could be seereted by the 
countertransport meehanism 
involving these two ions. As a 
result, the pH of the tubular fluid 
would inerease. 

Module 24.11 Revìew 

a. Countercurrent mnltiplieation 
in the kidneys is the exchange of 
snbstanees between two adjaeent 
nephron loop limbs eontaining 
tubular fluid moving in opposite 
direetions; the proeess enables 
the kidney tubules to eoneentrate 
urine. b. The thiek aseending 
limb aetively pumps sodium and 
ehloride ions into the peritubular 
fluid. e. An inerease of sodium and 
ehloride ions in the peritubular 
fluid inereases the osmotie 
eoneentrations around the thin 
deseending limb, resnlting in an 
osmotie outflow of water. 

Module 24.12 Revìew 

a. No, the permeability of the 
PCT eannot ehange, and water 
reabsorption occurs whenever 
the osmotie eoneentration of the 
peritubular fluid exceeds that 

of the tubular fluid. However, 
the permeability of the DCT to 
water inereases in response to 
antidinretie hormone (ADH). 

b. inereased ADH levels cause 
the appearanee of more water 
ehannels, or aquaporins, in the 
DCT; as a result, more water is 
reabsorbed into the peritubular 
fluid, which deereases the volume 
of water in the urine. e. Deereased 
ADH levels in the DCT reduce 
the urine osmotie eoneentration 
beeanse there is more water in the 
urine; the result is a larger volume 
of more dilute urine. 

Module 24.13 Revìew 

a. The filtrate prodneed at the 
renal eorpnsele has the same 
osmotie eoneentration as plasma. 

b. The aetive removal of ions and 
organie snbstrates from the PCT 
causes a continuous osmotie flow 
of water out of the tubular fluid. 
e. The eoneentration gradient of 
the renal mednlla is maintained 
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by the removal of solutes and 
water from the area by the vasa 
reeta, which transport them to 
the circulatory system. 

Modale 24.14 Revìew 

a. ehronie renal failnre is a 
gradnal loss of renal fnnetion, 
whereas acute renal failnre is a 
sudden loss of renal fnnetion. 

b. Dialysis is the proeess of using 
an artifieial semipermeable 
membrane to remove wastes and 
retain plasma proteins from the 
blood of a person whose kidneys 
are not fnnetioning properly. 

e. Patients on dialysis are often 
given Epogen or Proerit (a 
synthetie form of erythropoietin) 
to treat anemia, which occurs 
because their malfunctioning 
kidneys prodnee too little 
erythropoietin. Erythropoietin is 
the hormone that stimnlates the 
development of red blood eells in 
the red bone marrow. 

Module 24.15 Revìew 

a. Filtrate modifieation and 
urine prodnetion end when the 
fluid enters the renal pelvis. 

b. A pyelogram is an image of the 
nrinary system that is obtained by 
taking an x-ray after radiopaque 
dye has been administered 
intravenonsly. e. The male nrethra 
is longer, and transports not only 
urine, but also semen. 

Module 24.16 Revìew 

a. Urine is transported by 
the nreters, stored within the 
nrinary bladder, and eliminated 
throngh the nrethra. b. The 
external nrethral sphineter must 
be consciously relaxed to allow 
urination. e. The speeialized 
smooth muscle in the wall 
of the nrinary bladder is the 
detrnsor muscle; its eontraetion 
eompresses (squeezes) the urinary 
bladder and expels urine into the 
nrethra. 

Module 24.17 Revìew 

a. The urge to urinate usually 
appears when the nrinary bladder 
eontains about 200 mL of urine. 
The mietnrition reflex begins 
when the streteh reeeptors in 
the nrinary bladder wall have 
provided adequate stimulation 
to the parasympathetie motor 


nenrons. The aetivity in the 
motor nenrons generates aetion 
potentials that reaeh the smooth 
muscle in the wall of the nrinary 
bladder. These efferent impnlses 
travel over the pelvie nerves, 
prodneing a snstained eontraetion 
of the nrinary bladder. b. The 
sensation of a full bladder is 
relayed from the bladder to the 
thalamus to the eerebral cortex. 
e. Voluntary relaxation of the 
external nrethral sphineter causes 
relaxation of the internal nrethral 
sphineter by the mietnrition 
reflex. 

Module 24.18 Revìew 

a. Dysnria is the term for 
painfnl or diffienlt nrination. 

b. Obstrnetion of a ureter by a 
kidney stone would interfere with 
the flow of urine between the 
kidney and the nrinary bladder. 
e. Urinary obstrnetion at the 
nrethra is more dangerons than 
nrinary obstrnetion in the ureter 
because urine would be prevented 
from exiting the body and would 
build up in the nrinary bladder, 
leading to its rupture. Obstruction 
of only one of the two nreters is 
less hazardons than obstrnetion 
of the lone nrethra beeanse in 

the former ease, the other kidney 
could still excrete wastes that 
could be voided. 


Seetìon Revìews 


Seetìon 1 Revìew 

1 . urinary bladder; 2 . nephrons; 

3. renal tubules; 4. glomerulus; 

5. proximal convoluted tubule; 

6. papillary ducts; 7. renal 
mednlla; 8. renal sinus; 9. major 
ealyees; 10. ureter; 11. renal sinus: 
eavity within kidney that eontains 
ealyees, pelvis of the ureter, and 
segmental vessels; 12. renal pelvis: 
funnel-shaped expansion of the 
snperior portion of ureter; 

13. hilum: depression on the 
medial border of kidney, and site 
of the apex of the renal pelvis and 
the passage of segmental renal 
vessels and renal nerves; 14. renal 
papilla: tip of the renal pyramid 
that projeets into a minor calyx; 

15. ureter: tube that conducts 
urine from the renal pelvis to the 
nrinary bladder; 16. renal cortex: 


the outer portion of the kidney 
eontaining renal lobnles, renal 
eolnmns (extensions between the 
pyramids), renal eorpnseles, and 
the proximal and distal eonvolnted 
tubules; 17. renal mednlla: the 
inner, darker portion of the kidney 
that eontains the renal pyramids; 

18. renal pyramid: eonieal mass 
of the kidney projeeting into the 
mednllary region eontaining 
part of the seereting tubules and 
eolleeting tubules; 19. minor 
calyx: snbdivision of major ealyees 
into which urine enters from the 
renal papillae; 20 . major calyx: 
primary snbdivision of renal 
pelvis formed from the merging of 
four or five minor ealyees; 

21 . kidney lobe: portion of kidney 
eonsisting of a renal pyramid and 
its assoeiated eortieal tissue; 

22. renal eolnmns: eortieal tissue 
separating renal pyramids; 

23. fibrons eapsnle (outer layer): 
eovering of the kidney s outer 
surface and lining of the renal 
sinus 

Seetìon 2 Revìew 

1.f;2.j; 3.h; 4. i; 5. g; 6. a; 

7. e; 8. e; 9. d; 10. b; 11. nephron: 
fnnetional unit of the kidney that 
filters and excretes waste materials 
from the blood and forms urine; 

12. proximal eonvolnted tubule: 
reabsorbs water, ions, and all 
organie nntrients; 13. distal 
eonvolnted tubule: important 
site of aetive seeretion; 14. renal 
eorpnsele: expanded ehamber 
that eneloses the glomerulus; 

15. nephron loop: portion of 
the nephron that prodnees the 
eoneentration gradient in the renal 
mednlla; 16. eolleeting system: 
series of tubes that earry tubular 
fluid away from the nephron; 

17. eolleeting duct: portion of 
eolleeting system that reeeives 
fluid from many nephrons and 
performs variable reabsorption 
of water and reabsorption or 
seeretion of sodium, potassium, 
hydrogen, and biearbonate ions; 

18. papillary duct: delivers urine 
to the minor calyx; 19. The 
presenee of plasma proteins and 
numerous WBCs in Marissas 
urine indieates an inereased 
permeability of the filtration 
membrane. This eondition usually 


results from inflammation of the 
filtration membrane within the 
renal eorpnsele. If the eondition 
is temporary, it is probably an 
acute glomerular nephritis 
usually assoeiated with a baeterial 
infeetion (such as streptoeoeeal 
sore throat). If the eondition 
is long term, resnlting in a 
nonfnnetional kidney, it is referred 
to as ehronie glomernlar nephritis. 

The urine volume would be 
greater than normal beeanse É 

the plasma proteins inerease the I 

osmolarity of the filtrate. I 

Seetìon 3 Revìew I 

1. streteh reeeptors stimnlated; I 

2 . afferent fibers earry I 

information to saeral spinal eord; ■ 

3. parasympathetie preganglionie I 

fibers earry motor eommands; I 

4. detrnsor muscle eontraetion I 

stimnlated; 5. sensation relayed to * 

thalamns; 6. sensation of bladder 
fnllness delivered to eerebral 
cortex; 7. person relaxes external 
nrethral sphineter; 8. internal 
nrethral sphineter relaxes; 

9. e;10.f;11.b;12.j;13.d; 

14. k; 15. e; 16. g; 17. a; 18. h; 

19. i; 20. Four primary signs and 
symptoms of nrinary disorders are 

(1) ehanges in the volume of urine, 

(2) ehanges in the appearanee of 
urine, (3) ehanges in the frequency 
of nrination, and (4) pain. 

21. eystitis/pyelonephritis: Both 
eonditions involve inflammation 
and infeetions of the nrinary 
system, but eystitis refers to 

the urinary bladder, whereas 
pyelonephritis refers to the kidney. 

22. stress incontinence/overflow 
ineontinenee: Both eonditions 
involve an inability to eontrol 
nrination, but stress ineontinenee 
involves periodie involnntary 
leakage, whereas overflow 
ineontinenee involves a eontinnal, 
slow triekle of urine. 23. polynria/ 
proteinnria: Both are abnormal 
urine eonditions, but polyuria 

is the production of excessive 
amonnts of urine, whereas 
proteinnria refers to the presenee 
of protein in the urine. 


ehapter Revìew Questìons 


1. efferent arteriole; 

2 . juxtamedullary complex; 
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3. afferent arteriole; 4. glomernlar 
eapsnle; 5. eapsnlar spaee; 

6 . initial segment of renal tubule; 

7. parietal layer of glomerular 
capsule; 8 . viseeral layer of 
glomerular capsule; 9. false; 

10. true; 11. true; 12. false; 

13. false; 14. true; 15. d; 16. a; 
17.b;18. b;19. e; 20. b;21.a; 

22. a; 23. The proeesses of urine 
prodnetion are (1) filtration: blood 
pressnre forees water and solntes 

I aeross the membranes of the 

glomernlar eapillaries and into the 
eapsnlar spaee; (2) reabsorption: 
the transport of water and solntes 
from the tubular fluid, aeross 
the tubular epithelium, and into 
the peritubular fluid; and (3) 
seeretion: the transport of solntes 
from the peritubular fluid, aeross 
the tubular epithelium, and into 
the tubular fluid. 24. The primary 
proeess involved in glomernlar 
filtration is basieally the same as 
that regnlating fluid and solute 
movement aeross eapillaries 
throughout the body: the balanee 
between hydrostatie pressnre 
(fluid pressure) and eolloid 
osmotie pressnre (pressnre due 
to materials in solntion) on either 
side of the eapillary membrane. 
25. The thin deseending limb 
and the thiek aseending limb of 
the loop of the nephron are very 
elose together and the tubular 
fluid flows in opposite direetions. 
The exchange that occurs 
between these segments, ealled 
countercurrent mnltiplieation, 
resnlts in a higher osmotie 
eoneentration in the peritubular 
fluid eompared to the tubular 
fluid in the aseending limb. This 
proeess is responsible for ereating 
the eoneentration gradient in 
the renal mednlla that enables 
the kidney to prodnee highly 
eoneentrated urine. 


ehapter Integratìon 


1. The formation of erystalline 
masses ean lead to kidney 
stones, which ean cause urinary 
obstrnetion. The kidney stones 
ean cause tiny ruptures along 
the nrinary traet, leading to 
blood in the urine (hematnria). 
The metabolism of nitrogen- 


eontaining melamine releases 
ammonia, which may cause 
eleetrolyte imbalanee and renal 
failnre. 2. Administration of 
intravenons fluids and dialysis 
would flush the body of the 
harmful ehemieal. Medieation to 
eontrol blood pressnre, nausea, 
and anemia might also be 
neeessary. Frequent blood 
tests and nrinalysis are also 
performed to monitor kidney 
fnnetion. 


CHAPTER25 

Module Revievvs 


Module 25.1 Revíew 

a. Minerals are inorganie 
snbstanees that dissoeiate in 
body fluids to form ions ealled 
eleetrolytes. b. intraeellnlar fluid 
(ICF), or eytosol, and extracellular 
fluid (ECF) are the two fluid 
eompartments. e. Cells have a 
plasma membrane and aetive 
transport at the membrane snrfaee 
that allows them to maintain their 
internal environments. 

Module 25.2 Revìew 

a. The major routes of fluid loss 
are urination, evaporation at the 
skin and at the lungs, and water 
lost in feees. Varying amonnts 
of water are seereted by sweat 
glands. b. A fluid shift is a rapid 
movement of water between the 
ECF and ICF in response to an 
osmotie gradient. e. Dehydration 
is a rednetion in the water eontent 
of the body that develops when 
water losses ontpaee water gains. 
In dehydration, the osmotie 
eoneentration of blood plasma 
inereases. 

Module 25.3 Revìew 

a. Mineral balanee is when the 
body s ion gains and losses are 
equal. b. The ions absorbed by 
aetive transport are sodium, 
calcium, magnesium, iron, 
phosphate, and snlfate. e. Sodium 
is a major eation that is essential 
for normal membrane fnnetion. 
Calcium is a eation that is 
essential for normal muscle and 
neuron fnnetion and for normal 
bone structure. 


Module 25.4 Revìew 

a. When osmoreeeptors 
are inhibited, ADH release 
is deereased, and thirst is 
snppressed. b. Aldosterone 
causes inereased nrinary sodium 
retention and thus inereases 
the sodium ion eoneentration 
in the ECF. e. Shifts in sodium 
balanee result in expansion or 
eontraetion of the ECF. Large 
variations in ECF volume are 
eorreeted by homeostatie 
meehanisms triggered by 
ehanges in blood volume. If 
the blood volume beeomes too 
low, ADH and aldosterone are 
seereted, inereasing the sodium 
ion eoneentration in the ECF; if 
the volume beeomes too high, 
natriuretic peptides are 
seereted. 

Module 25.5 Revìew 

a. The kidneys are primarily 
responsible for regnlating the 
potassinm ion eoneentration 
in the ECF. b. Potassinm 
excretion inereases as potassinm 
eoneentrations rise in the ECF, 
under aldosterone stimnlation, 
and when the ECF pH rises. 
e. Hypokalemia is a eondition 
eharaeterized by blood K+ levels 
below 3.5 mEq/L. Hyperkalemia is 
a eondition eharaeterized by blood 
levels above 5.0 mEq/L. 

Module 25.6 Revìew 

a. Your body is in aeid-base 
balanee when the prodnetion of 
hydrogen ions is preeisely offset 
by their loss, and when the pH of 
body fluids remains within normal 
limits. b. The primary ehallenge 
to aeid-base homeostasis is that 
your body generates a variety of 
aeids during normal metabolie 
operations, and a signifieant 
deerease in body fluid pH must 
be prevented. e. The three elasses 
of aeids that threaten pH balanee 
are fixed aeids, organie aeids, and 
volatile aeids. 

Module 25.7 Revìew 

a. Aeidemia is the eondition in 
which blood pH deereases below 
7 . 35 . Alkalemia exists when 
blood pH is above 7 . 45 . b. The 
dissoeiation of earbonie aeid is the 
most important faetor affeeting 
the pH of the ECF. e. An inverse 


relationship exists between Peo^ 
levels and pH. 

Module 25.8 Revìew 

a. The body s three major buffer 
systems are the phosphate 
buffer system, the protein buffer 
systems, and the earbonie aeid- 
biearbonate buffer system. b. The 
phosphate buffer system plays an 
important role in bnffering the pH 
of the ICF and the urine. e. The 
earbonie aeid-biearbonate buffer 
system prevents pH ehanges 
caused by organie aeids and fixed 
aeids generated by metabolie 
aetivity. It uses the H^ released by 
these aeids to generate earbonie 
aeid, which dissoeiates into H^O 
and eO^, the latter of which is 
exhaled from the lungs. 

Module 25.9 Revìew 

a. Metabolie aeidosis resnlts from 
the prodnetion of large nnmbers 
of fixed and organie aeids, from 
the depletion of the biearbonate 
reserve, caused by an inability 

to excrete hydrogen ions at the 
kidneys, or biearbonate loss. 

b. Metabolie alkalosis resnlts from 
the removal of large nnmbers 

of hydrogen ions from body 
fluids when biearbonate ion 
eoneentrations beeome elevated. 
e. The kidneys eonserve HeO^” 
and eliminate H^ in the urine 
during metabolie aeidosis. 

Module 25.10 Revíew 

a. Respiratory aeidosis is 
lowered blood pH resnlting 
from inadequate respiratory 
aetivity and is eharaeterized 
by elevated levels of earbon 
dioxide. Respiratory alkalosis 
is elevated blood pH due to 
excessive respiratory aetivity, 
which deereases earbon dioxide 
levels and inereases the pH of 
body fluids. b. The blood Peo^ 
of a patient with an airway 
obstrnetion would inerease, 
resnlting in respiratory aeidosis. 
e. A deerease in the pH of body 
fluids would cause an inerease in 
the respiratory rate. 


Seetìon Revìews 


Seetìon 1 Revìew 
1. i; 2. d; 3. h; 4. n; 5.1; 6 . m; 
7. b; 8 . e; 9. a; 10. j; 11. e; 
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12.k;13.f;14.g;15. b;16. c; 

17. b; 18. a; 19. d; 20. c; 

21. When tissues are burned, eells 
are destroyed and the eontents 
of their eytoplasm leak into the 
interstitial fluid and then move 
into the blood. Sinee potassinm 
ions are normally found within 
eells, damage to a large number 
of eells releases relatively large 
amounts of potassinm ions into 
the blood. The elevated potassinm 
level would stimulate eells of 
the adrenal cortex to prodnee 
aldosterone. The elevated levels 
of aldosterone would promote 
sodium retention and potassinm 
seeretion by the kidneys, thereby 
aeeonnting for the elevated 
potassinm levels in the patients’ 
urine. 

Seetìon 2 Revìew 

1. inereased Peo^j 2. aeidosis; 

3. blood pH deerease; 

4. inereased; 5. seereted; 

6. generated; 7. deereased; 

8. deereased; 9. inereased; 

10. deereased Peo^í ** ** • alkalosis; 

12. blood pH inerease; 

13. deereased; 14. generated; 

15. seereted; 16. inereased; 

17. inereased; 18. deereased; 

19. The young boy has metabolie 
and respiratory aeidosis. 

The metabolie aeidosis 
resnlted primarily from the 
large amonnts of laetie aeid 
generated by the boy s mnseles 
as he strnggled in the water. 

(The dissoeiation of laetie aeid 
releases hydrogen ions and laetate 
ions.) Snstained hypoventilation 
during drowning eontribnted 
to both tissue hypoxia and 
respiratory aeidosis. Respiratory 
aeidosis developed as the Peo^ 
inereased in the ECF, inereasing 
the prodnetion of earbonie aeid 
and its dissoeiation into H+ and 
HC03~. Prompt emergeney 
treatment is essential; the usual 
procedure involves some form 
of artifieial or meehanieal 
respiratory assistanee (to inerease 
the respiratory rate and deerease 
the Peo^ in the ECF) eonpled 
with the intravenons infnsion of 
a bnffered isotonie solntion that 
would absorb the hydrogen ions in 
the ECF and inerease body 
fluid pH. 


ehapter Revìew Questìons 


1. false; 2. true; 3. false; 4. true; 

5. false; 6. false; 7. true; 8. false; 

9. true; 10. true; 11. d; 12. f; 

13.g;14. a;15.c;16. b;17. h; 

18. e;19. d; 20. b;21.b; 22. a; 

23. d; 24. e; 25. e; 26. b; 27. Fluid 

balanee is when water eontent 
in the body remains stable over 
time. Water gains from the 
digestive traet must balanee with 
water losses throngh nrination, 
evaporation at the skin and 
lungs, feees, and varying degrees 
of seeretion from sweat glands. 
Mineral balanee is the balanee 
between ion absorption, which 
occurs aeross the lining of the 
small intestine and eolon, and ion 
excretion, which is done primarily 
by the kidneys. Aeid-base 
balanee is when the prodnetion of 
hydrogen ions is preeisely offset 
by their loss, and when the pH 
of body fluids remains within 
normal limits. 28. The hypertonie 
saline solntion would cause fluid 
to move from the ICF to the ECF, 
further aggravating the patient s 
dehydration. 


ehapter Integratìon 


1. Digestive seeretions eontain 
high levels of biearbonate, so 
people with diarrhea ean lose 
signifieant amonnts of this 
important ion, leading to aeidosis. 
We would expect the blood pH to 
be lower than 7.35, and the urine 
pH to be low (due to inereased 
renal excretion of hydrogen ions). 
We would also expect an inerease 
in the rate and depth of breathing 
as the respiratory system tries to 
eompensate for the lowered pH 
by eliminating earbon dioxide. 

2. The hypertonie solntion 
will cause fluid to move from 
the ICF to the ECF, further 
aggravating Toms dehydration. 
The slight inerease in pressnre and 
osmolarity of the blood should 
lead to an inerease in ADH, even 
though ADH levels are probably 
quite high already. Despite the 
high ADH levels, urine volume 
would probably inerease, beeanse 
the kidneys could not reabsorb 
much of the glucose. The 


remaining glneose would inerease 
the osmolarity of the tubular fluid, 
deereasing water reabsorption and 
inereasing urine volume. 


GHAPTER 26 

Module Reviews 


Module 26.1 Revìew 

a. The function of the testes is to 
prodnee hormones and the male 
gametes, ealled spermatozoa. 

b. The aeeessory organs of the 
male reprodnetive system are 
the ductus deferens (paired), 
seminal glands, prostate gland, 
bulbourethral glands, nrethra, 
and epididymis (paired). e. The 
structures of the male external 
genitalia are the penis and 
serotnm. 

Module 26.2 Revìew 

a. The testes form during fetal 
development inside the body 
eavity adjaeent to the kidneys. 

As the fetus grows, eonneetive 
tissue bands eonneeted to the 
developing testes do not grow. So, 
the relative position of the testes 
ehange as the body grows. Fate 
in fetal development, hormones 
cause the eonneetive tissue 
bands to eontraet and pull eaeh 
testis through the abdominal 
musculature and into the serotnm. 

b. The complex network of 
ehannels that is eonneeted to 
the seminiferons tubules is the 
rete testis. e. On a warm day, the 
eremaster muscle (as well as the 
dartos muscle) would be relaxed 
so that the scrotum could deseend 
away from the warmth of the 
body, thereby eooling the testes. 

Module 26.3 Revìew 

a. Spermatogenesis is the 
prodnetion of spermatozoa 
and involves mitosis, meiosis, 
and spermiogenesis. b. Four 
haploid spermatozoa will be 
produced from eaeh diploid 
primary spermatoeyte. e. A 
typieal spermatozoon has an 
aerosome (aerosomal eap) that 
eontains enzymes essential to 
fertilization; a head that is paeked 
with ehromosomes; a neek that 
eontains eentrioles; a middle 


pieee eontaining mitoehondria to 
provide ATP for propnlsion; and a 
flagellnm, the whiplike structure 
that moves the eell. 

Module 26.4 Revìew 

a. Interstitial eells prodnee male 
sex hormones, or androgens, 
inelnding testosterone and 
androstenedione, the dominant 
sex hormones in males. b. Nurse 
eells provide nutrients to the 
developing sperm and form the 
blood-testis barrier that isolates 
sperm from the blood. e. During 
spermiation, a spermatozoon 
loses its attaehment to the nurse 
eell and enters the lumen of the 
seminiferons tubule. 

Module 26.5 Revíew 

a. Semen is sperm plus seminal 
fluid, which includes the 
seeretions from nurse eells; the 
epididymis; and the seminal, 
prostate, and bulbourethral 
glands. b. The seeretion of the 
bulbourethral glands inbrieates 
the tip of the penis and nentralizes 
any nrinary aeids that may remain 
in the nrethra. e. The tail of eaeh 
epididymis eonneets with the 
ductus deferens, which passes 
throngh the ingninal eanal as 
part of the spermatie eord. Near 
the prostate gland, eaeh ductus 
deferens enlarges to form an 
ampnlla. The jnnetion of the 
base of the seminal gland and the 
ampnlla ereates the ejaenlatory 
duct, which empties into the 
nrethra. 

Module 26.6 Revìew 

a. The three eolnmns of ereetile 
tissue are the corpus spongiosum 
and the paired eorpora eavernosa. 

b. The phases of the male sexual 
response are aronsal, emission, 
and ejaenlation. e. An inability to 
eontraet the isehioeavernosns and 
bulbospongiosus muscles would 
interfere with the ejaenlation 
phase, inelnding the eontraetions 
that are part of the male orgasm. 

Module 26.7 Revìew 

a. Important regnlatory hormones 
that establish and maintain male 
sexual function are folliele- 
stimnlating hormone (FSH), 
Inteinizing hormone (LH), and 
gonadotropin-releasing hormone 
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(GnRH). Testosterone is the most 
important androgen, althongh 
some tissnes, such as the external 
genitalia and prostate gland, are 
more responsive or sensitive to 
dihydrotestosterone (DHT). 
b. The testes, hypothalamus, and 
the anterior lobe of the pitnitary 
gland seerete the hormones 
that eontrol male reprodnetive 
fnnetions. e. Low FSH levels would 
lead to low levels of testosterone 
in the seminiferons tubules, 
deereasing both the sperm 
prodnetion rate and sperm count. 

Module 26.8 Revìew 

a. The main organs of the female 
reprodnetive system are the 
ovaries, nterine tubes, uterus, 
vagina, and external genitalia. 

b. The female external genitalia 
inelnde the elitoris and labia. 

e. Fertilization normally occurs 
in the nterine tubes. 

Module 26.9 Revìew 

a. The ovaries produce immature 
female gametes ealled ooeytes; 
seerete female sex hormones, 
inelnding estrogens and 
progesterone; and seerete inhibin, 
which is involved in the feedbaek 
eontrol of FSH prodnetion. b. The 
vesieonterine pouch is the poeket 
between the uterus and posterior 
wall of the nrinary bladder. The 
reetonterine pouch is the poeket 
between the uterus and the 
anterior snrfaee of the eolon. 
e. The ovaries, nterine tubes, and 
uterus are enelosed within the 
broad ligament. The mesovarinm 
snpports and stabilizes eaeh ovary. 

Module 26.10 Revìew 

a. An ooeyte is an immatnre 
female gamete whose meiotie 
divisions will prodnee a single 
ovum and two or three polar 
bodies. b. Males prodnee gametes 
from pnberty until death; females 
prodnee gametes only from 
pnberty to menopanse. Males 
prodnee many gametes at a 
time; females typieally prodnee 
one or two per 28-day eyele. 

Males release mature gametes 
that have eompleted meiosis; 
females release seeondary ooeytes 
snspended in metaphase of 
meiosis II. e. Important events in 
the ovarian eyele are (1) formation 


of primary follieles from 
primordial follieles in an egg 
nest, (2) formation of seeondary 
follieles, (3) formation of a tertiary 
folliele, (4) ovnlation, and (5) 
formation and degeneration of the 
corpus luteum. A corpus albieans 
forms if fertilization does not 
occur. 

Module 26.11 Revìew 

a. Reeently released seeondary 
ooeytes reaeh the nterine tube 
with the aid of the beating aetion 
of eilia on the inner snrfaees of 
the fimbriae of the infundibulum. 

b. The perimetrium is the 
outer, ineomplete serosal 
layer; the myometrinm is the 
middle, muscular layer; and 
the endometrinm is the inner, 
glandnlar layer. e. The regions of 
the uterus are the fundus (upper, 
rounded portion), body (ending 
at the internal os), and cervix 
(inferior portion). 

Module 26.12 Revìew 

a. The endometrinm eontains 
the deeper basilar zone and 
the more snperfieial fnnetional 
zone. b. Menses is the first 
phase of the nterine eyele and is 
marked by degeneration of the 
fnnetional zone of the uterus. 
Menstruation is the proeess of 
endometrial shedding that occurs 
during menses. e. The nterine 
eyele begins with menses, the 
destrnetion of the fnnetional zone. 
After menses, the proliferative 
phase begins, during which the 
fnnetional zone nndergoes repair 
and thiekens. Following the 
proliferative phase is the seeretory 
phase, during which nterine 
(endometrial) glands enlarge. 

Module 26.13 Revìew 

a. The vagina (1) serves as a 
passageway for the elimination of 
menstrnal fluids; (2) reeeives the 
penis during sexual intercourse, 
and holds spermatozoa prior to 
their passage into the uterus; and 
(3) forms the inferior portion of 
the birth eanal, throngh which 
the fetus passes during delivery. 

b. The vagina is a muscular tube 
extending between the uterus and 
external genitalia; its lining forms 
folds ealled rugae. The proximal 
portion of the vagina is marked 


by the cervix, which dips into the 
vaginal eanal, and the shallow 
reeess known as the fornix. The 
hymen, a thin epithelial fold, 
partially bloeks the entranee to the 
vagina until physieal distortion 
ruptures it. e. The greater 
vestibular glands in females are 
similar to the bulbourethral 
glands in males; and both the male 
penis and the female elitoris have 
ereetile tissue. 

Module 26.14 Revìew 

a. Laetation is the seeretion of 
milk by the mammary glands. 

b. Bloekage of a single laetiferons 
sinus would not interfere with 
the delivery of milk to the nipple, 
beeanse eaeh breast generally 
has several laetiferons sinnses. 

e. Route of milk flow: seeretory 
alveoli of the seeretory lobules ^ 
ducts within a lobe ^ laetiferons 
duct of the lobe ^ lactiferous 
sinus ^ surface of the nipple. 

Module 26.15 Revìew 

a. Gompletion of the deerease 
in the levels of estrogens 
and progesterone signals the 
beginning of menses and the start 
of a new nterine eyele. b. If the 
LH surge did not occur during 
an ovarian eyele, ovnlation and 
corpus Iuteum formation could 
not occur. e. The hypothalamie 
seeretion of GnRH triggers 
the pitnitary seeretion of FSH 
and LH. FSH initiates follienlar 
development, and aetivated 
follieles and ovarian interstitial 
eells prodnee estrogens. High 
estrogen levels stimnlate LH 
seeretion and inerease anterior 
pitnitary gland sensitivity to 
GnRH, eansing the release of LH. 
Progesterone is the main hormone 
of the luteal phase. Ghanges in 
estrogen and progesterone levels 
are responsible for maintaining 
the nterine eyele. 

Module 26.16 Revìew 

a. Gondoms provide some 
proteetion against sexually 
transmitted diseases. b. Depo- 
Provera injeetions (a progesterone- 
only form of birth eontrol) result 
in the eessation of the nterine 
eyele in 50 pereent of women 
using this prodnet. (Uterine eyeles 
eventnally resume after use of 


the product is discontinued.) 
e. A vaseetomy is the surgical 
removal of a segment of eaeh 
ductus deferens and the tying 
or eanterizing of the cut ends, 
preventing spermatozoa from 
reaehing the distal portions of the 
male reprodnetive traet. 

Module 26.17 Revìew 

a. Ovarian eaneer usually arises 
from epithelial eells. b. The 
human papillomavirns (HPV) 
causes most eases of eervieal 
eaneer. e. A sexually transmitted 
disease is a disease that is 
transferred from one person to 
another primarily or exclusively 
through sexual eontaet. 


Seetìon Revìews 


Seetìon 1 Revìew 

1. prostatie nrethra; 2. ductus 
deferens; 3. penile nrethra; 

4. penis; 5. epididymis; 6. testis; 

7. external nrethral orifiee; 

8. serotnm; 9. seminal gland; 

10. prostate gland; 11. ejaenlatory 
duct; 12. bulbourethral gland; 
13.j;14. h;15.i;16.1;17. m; 

18. k; 19. n; 20. b; 21. e; 22. a; 

23. f; 24. d; 25. e; 26. g; 

27. Normal levels of testosterone 

(1) promote the fnnetional 
matnration of spermatozoa, 

(2) maintain the aeeessory organs 
of the male reprodnetive traet, (3) 
are responsible for establishing 
and maintaining male seeondary 
sex eharaeteristies, (4) stimnlate 
bone and muscle growth, and (5) 
stimnlate sexual behaviors and 
sexual drive (libido). 

Seetìon 2 Revìew 

1. infundibulum; 2. ovary; 

3. uterine tube; 4. perimetrium; 

5. myometrium; 6. endometrium; 
7. uterus; 8. elitoris; 9. labium 
minus; 10. labium majus; 

11. fornix; 12. cervix; 13. external 
os; 14. vagina; 15. j; 16. d; 17.1; 
18. i;19.b; 20.f;21.n; 22. m; 

23. e; 24. a; 25. h; 26. e; 27. k; 

28. g; 29. The endometrial eells 
have reeeptors for estrogens 
and progesterone and respond 
to these hormones as if the eells 
were still in the body of the uterus. 
Under the inflnenee of estrogens, 
the endometrial eells proliferate 
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at the beginning of the nterine 
(menstrnal) eyde and begin to 
develop glands and blood vessels, 
which then fnrther develop nnder 
the eontrol of progesterone. This 
dramatie inerease in tissne size 
exerts pressnre on neighboring 
tissnes or in some other way 
interferes with their fnnetion. 

It is the reenrring expansion of 
tissne in an abnormal loeation that 
eanses periodie pain. 


ehapter Revìew Questìons 


1. ampnlla; 2. ductus deferens; 

3. seminal gland; 4. prostate 
gland; 5. corpus spongiosum; 

6 . corpus cavernosum; 

7. epididymis; 8. testis; 9. external 
nrethral orifiee; 10. bulbourethral 
gland; 11. glans penis; 12. mons 
pubis; 13. prepuce; 14. elitoris; 

15. labium majus; 16. urethral 
opening; 17. labium minus; 

18. hymen; 19. vaginal entranee; 
20.false;21 . true; 22. true; 

23. false; 24. true; 25. false; 26. e; 
27. e; 28. b; 29. a; 30. d; 31 . a; 

32. Oral eontraeeptives that 
eontain estrogen and progesterone 
or only progesterone inhibit 
GnRH release at the hypothalamns 
and thus FSH and LH release from 
the anterior lobe of the pitnitary 
gland throngh negative feedbaek. 
Without FSH, primordial follieles 
do not begin to develop, and 
levels of estrogen remain low. 

An LH surge, triggered by the 
peaking of estrogen, is neeessary 
for ovnlation to occur. If the level 
of estrogen is not allowed to rise 
above the eritieal level, the LH 
surge will not occur, and thus 
ovulation will not occur, even if 
a folliele managed to develop to 
a stage at which it could ovulate. 
Any mature follieles would 
ultimately degenerate, and no 
new follieles would mature to 
take their plaee. Although the 
ovarian eyele is interrnpted, the 
level of hormones is still adequate 
to regulate a normal menstrnal 
eyele. 33. After ovnlation the 
tertiary folliele initially eollapses, 
and the remaining grannlosa eells 
proliferate to ereate the corpus 
luteum that seeretes progesterone. 
34. The sterilization proeednre for 


men is vaseetomy; for women it 
is tubal ligation. After vaseetomy, 
male sexual function is not 
affeeted. Spermatozoa eontinne 
to develop, but they are not 
present in semen beeanse the 
ductus deferens is now bloeked. 

A man eontinnes to experience 
an ereetion as he did before. 

After tubal ligation, a woman still 
experiences the menstrnal eyele, 
but the spermatozoa are unable 
to eontaet the seeondary ooeyte 
beeanse the nterine tubes are now 
bloeked. 


ehapter Integratìon 


1. The presenee of exercise- 
indneed amenorrhea snggests that 
a eertain amount of body fat is 
neeessary for menstrnal eyeles to 
occur. If body fat levels fall below 
some set point, menstrnation 
eeases. 2. Beeanse a woman 
laeking adequate body fat might 
not have the energy reserves 
needed to have a successful 
pregnaney, eompensatory 
meehanisms in her body prevent 
pregnaney by shntting down 
the ovarian eyele, and thus the 
menstrual eyele. When her 
body subsequently accumulates 
sufficient energy reserves in 
body fat, the eyeles begin again. 

3. Estrogen defieieney ean lead 
to infertility, vaginal and breast 
atrophy, and osteoporosis. It may 
also inerease the risk of heart 
attaeks later in life. 


CHAPTER27 

Module Reviews 


IVIodule 27.1 Revìew 

a. Gestation is the time spent 
in prenatal development, and 
the gestation period is the three 
integrated trimesters, eaeh 
3 months long. b. Embryonie 
development refers to the events 
that occur during the first 2 
months after fertilization. Fetal 
development begins at the start 
of the ninth week and eontinnes 
until birth. Prenatal development 
eomprises both embryonie and 


fetal development. e. Postnatal 
development begins at birth and 
eontinnes until matnrity. 

Module 27.2 Revìew 

a. Fertilization is the fnsion 
of a seeondary ooeyte and a 
spermatozoon to form a zygote. 

b. A normal human zygote eontains 
46 ehromosomes. e. Many 
spermatozoa are needed to 
aehieve fertilization beeanse one 
spermatozoon (sperm) does not 
eontain enough aerosomal enzymes 
to erode the eorona radiata 
surrounding the seeondary ooeyte. 

Module 27.3 Revìew 

a. The mornla is the final stage 
of development that resnlts from 
eleavage. b. The trophoblast is 
the eell layer surrounding the 
blastoeyst. These eells nonrish 
the embryo and later form 
part of the plaeenta. e. The 
blastoeyst eonsists of an outer 
trophoblast and an inner eell 
mass. Implantation begins about 
7 days after fertilization when 
the blastoeyst adheres to the 
nterine lining. The trophoblast 
eells in eontaet with the nterine 
lining divide and form a syneytial 
trophoblast that erodes the 
endometrial lining, and the 
blastoeyst beeomes enelosed 
within the endometrinm by about 
10 days after fertilization. 

Module 27.4 Revìew 

a. Gastrnlation is the formation 
of the primary germ layers— 
the endoderm, eetoderm, and 
mesoderm—from the embryonie 
dise. It is from these germ 
layers that the body systems 
differentiate. b. The mesoderm 
gives rise to nearly all body 
systems except the nervons and 
respiratory systems. e. Gestational 
trophoblastie neoplasia is a tumor 
formed by undifferentiated, 
rapid growth of the syneytial 
trophoblast; if nntreated, the 
neoplasm may beeome malignant. 

Module 27.5 Revìew 

a. The four extra-embryonic 
membranes are the yolk sae, 
amnion, allantois, and ehorion. 

b. The yolk sae forms from the 
endoderm and mesoderm; it 
is an important site of blood 


eell formation. The amnion 
forms from the eetoderm and 
mesoderm; it eneloses the fluid 
that surrounds and enshions the 
developing embryo and fetus. 

The allantois forms from the 
endoderm and mesoderm; its 
base gives rise to the nrinary 
bladder. The ehorion forms from 
the mesoderm and trophoblast; 
it surrounds the blastoeoele. 
e. The plaeenta forms the 
interfaee between embryonie/fetal 
system and the maternal system. 

It beeomes the primary snpport 
structure for the developing 
embryo and fetus. The plaeenta 
is also the site where oxygen and 
nntrients are absorbed from 
the maternal bloodstream and 
exchanged for earbon dioxide and 
wastes. 

Module 27.6 Revìew 

a. The ehorionie villi are 
structures that extend outward 
into the maternal tissnes, forming 
an intrieate, branehing network 
throngh which maternal blood 
flows. Embryonie blood vessels 
extend into eaeh ehorionie 
villus. b. The body stalk is the 
eonneetion between the embryo 
and the ehorion; it eontains 
portions of the allantois and blood 
vessels that earry blood to and 
from the plaeenta. The yolk stalk 
is the eonneetion between the 
endoderm of the embryo and the 
yolk sae. e. The nmbilieal eord 
eonneets the fetus to the plaeenta, 
and it is derived from the allantois. 

Module 27.7 Revìew 

a. The hormones synthesized 
by the syneytial trophoblast are 
human ehorionie gonadotropin 
(hCG), human plaeental laetogen 
(hPL), relaxin, progesterone, and 
estrogens. b. The presenee of 
human ehorionie gonadotropin 
(hCG) in the urine provides a 
reliable indieator of pregnaney. 
e. After the first trimester, the 
plaeenta is snffieiently fnnetional 
to maintain the pregnaney. 

Module 27.8 Revíew 

a. Organogenesis is the proeess of 
organ formation. b. In the seeond 
trimester, the organ systems 
inerease in complexity. During the 
third trimester, many of the organ 
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systems beeome fully functionaL 
e. During the third trimester, 
the fetus undergoes its largest 
absolnte weight gain. 

Module 27.9 Revìew 

a. Diffienlty breathing in 
pregnant women resnlts from 
the enlarged uterus pressing 
against the diaphragm and 
crowding the lungs. b. The major 
ehanges that occur in maternal 
systems during pregnaney 
are inereases in respiratory 
rate and tidal volume, blood 
volume, nutrient requirements, 
glomernlar filtration rate (GFR), 
and the size of the uterus and 
mammary glands. e. A mother s 
blood volume inereases during 
pregnaney to eompensate for 
the rednetion in maternal blood 
volume resulting from blood flow 
throngh the plaeenta. 

Modale 27.10 Revìew 

a. Relaxin, prodneed by the 
plaeenta, softens the pubic 
symphysis and dilates the cervix, 
and the weight of the fetus distorts 
the external os of the uterus. 
Distortion of the cervix and 
rising estrogen levels promote 
the release of oxytocin, and the 
already stretehed smooth mnseles 
of the myometrinm beeome even 
more excitable. b. Estrogens and 
oxytocin stimnlate the prodnetion 
of prostaglandins, which are then 
primarily responsible for initiating 
true labor. e. The dilation stage 
begins with the onset of true 
labor, as the cervix dilates and 
the fetus begins to move toward 
the eervieal eanal; late in this 
stage, the amnion ruptures. The 
expulsion stage begins as the 
cervix dilates eompletely and 
eontinnes until the fetus has 


eompletely emerged from the 
vagina (delivery). In the plaeental 
stage, the uterus gradually 
eontraets, tearing the eonneetions 
between the endometrinm and the 
plaeenta and ejeeting the plaeenta 
(also referred to as the afterbirth). 

Module 27.11 Revìew 

a. Oxytocin causes the milk let- 
down (milk-ejeetion) reflex. 

b. Colostrum eontains antibodies 
and is prodneed by the mammary 
glands from the end of the sixth 
month of pregnaney until a few 
days after delivery. After that, the 
glands begin prodneing breast 
milk, which eontains antibodies 
and lysozyme but has a higher fat 
eontent than eolostrnm. e. The 
postnatal stages of development 
are the neonatal period, from 
birth to 1 month; infaney, from 

1 month to age 2 years; ehildhood, 
from age 2 years until sexual 
maturation begins; adoleseenee, 
which begins with the onset of 
sexual maturation (pnberty) 
between ages 9-14 years and ends 
when growth in body size ends 
(around 18 years); and matnrity, 
which inelndes the rest of the 
person s life. A final stage ealled 
seneseenee, or aging, overlaps 
with matnrity. 

Module 27.12 Review 

a. The three interaeting hormonal 
events assoeiated with the onset 
of pnberty are (1) inereased GnRH 
prodnetion by the hypothalamns; 
(2) inereased sensitivity to 
GnRH by the anterior lobe of 

the pitnitary gland, and a rapid 
inerease in eirenlating levels of 
FSH and LH; and (3) inereased 
sensitivity to FSH and LH by 
ovarian and testienlar eells. 

b. A man has a deeper voiee and 


a larger larynx than a woman 
beeanse testosterone stimnlates 
laryngeal development in males 
to a greater extent than estrogen 
stimnlates laryngeal development 
in females. e. The higher estrogen 
levels in premenopansal women 
(eompared with adult men) 
deerease plasma eholesterol 
levels, thereby slowing plaque 
formation and lowering the risk of 
atheroselerosis. 

Module 27.13 Revìew 

a. Ghromosomes and their 
assoeiated eomponent genes 
eonstitnte the genotype. 
Anatomieal and physiologieal 
eharaeteristies from the 
expression of genes make up 
the phenotype. b. Antosomal 
ehromosomes are the 22 pairs 
that affeet somatie eharaeteristies. 
The ehromosomes of the 23rd 
pair are the sex ehromosomes that 
determine whether an individnal 
is male (XY) or female (XX). 
e. The karyotype shown is male 
beeanse it has an XY for the 23rd 
pair of ehromosomes. 

Module 27.14 Revìew 

a. Homozygons means that 
homologons ehromosomes 
earry the same allele of a given 
gene. Heterozygons means that 
homologons ehromosomes earry 
different alleles of a given gene. 

b. In simple inheritanee, phenotypie 
eharaeteristies are determined by 
interaetions between a single pair 
of alleles. Polygenie inheritanee 
involves interaetions among alleles 
of several genes. e. The phenotype 
of a person who is heterozygons 

for “freekles”—that is, a person 
with one dominant allele and one 
reeessive allele for that trait—would 
be “freekles.” 


Module 27.15 Revìew 

a. In striet dominanee, one 
allele dominates the other, so an 
individnal who is heterozygons for 
a given trait exhibits the dominant 
phenotype. In eodominanee, an 
individnal who is heterozygons 
for a given trait exhibits both of 
the phenotypes for that trait. 

b. Sex-Iinked traits are expressed 
more frequently in males beeanse 
the small Y ehromosome of 
males eontains few genes that 
eorrespond to those on the larger 
X ehromosome. e. (1) simple 
inheritanee (dominant); (2) 
simple inheritanee (reeessive); (3) 
antosomal inheritanee. 

Module 27.16 Revìew 

a. A single nneleotide 
polymorphism is a variation 
in a single base pair in a DNA 
sequence. b. (1) XO: Tnrner s 
syndrome; (2) XXY: Klinefelter s 
syndrome. e. (1) ovarian eaneer: 
ehromosome 9; (2) Tay-Saehs 
disease: ehromosome 15; 

(3) spinoeerebellar ataxia: 
ehromosome 6. 


Seetìon Revìews 


Seetìon 1 Revìew 
1. b; 2. j; 3. g; 4. k; 5. a; 6. m; 7. e; 
8. f; 9. n; 10. e; 11.1; 12. d; 13. h; 
14. i;15.c;16. c;17.b;18. b; 

19. a; 20. c;21.It is very nnlikely 
that the baby s eondition is the 
result of a viral infeetion eontraeted 
during the third trimester. The 
development of organ systems 
occurs during the first trimester, 
and by the end of the seeond 
trimester, most organ systems 
are fully formed. During the third 
trimester, the fetus undergoes 
tremendons growth, but very little 
new organ formation occurs. 
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Seetìon 2 Revìew 

1.1; 2. g; 3. i; 4. k; 5. a; 6. e; 7. b; 8. j; 9. f; 10. h; 11. e; 12. d; 

13. Tongue-rolling 




Maternal alleles 

Maternal alleles 



T 

t 

Paternal alleles 

T 

TT 

Tt 

Paternal alleles 

t 

Tt 

tt 


Mom = Tt 
Dad = Tt 

The possible genotypie and phenotypie ratios of offspring are the following: 

1 TT = tongue-roller; 1 in 4 = 25% 

2Tt = tongue-rollers; 2 in 4 = 50% 

1 tt = non-tongue-roller; 1 in 4 = 25% 

The probability that they will have a ehild unable to roll his/her tongue is 1 in 4 or 25%. 
14. Gystie fibrosis 




Maternal alleles 

Maternal alleles 



e 

e 

Paternal alleles 

e 

Cc 

Cc 

Paternal alleles 

e 

ee 

ee 


Mom = ee 
Dad = Cc 

The possible genotypie and phenotypie ratios of offspring are the following: 

2 Cc = normal earriers; 2 in 4 = 50% 

2cc = eystie fibrosis; 2 in 4 = 50% 

The probability that they will have a ehild who will be a earrier for CF is 2 in 4 or 50%. 
(A ehild has to inherit two eopies of the faulty allele to be born with CF.) 




ehapter Revìew Questìons 


1. false; 2. true; 3. false; 4. true; 

5. false; 6. true; 7. false; 8 . false; 
9. b;10. b;11.d;12.a;13.b; 

14. d; 15. e; 16. d; 17. The five 
stages of postnatal development 
are neonatal (1 month), infaney 
(1 year), ehildhood (up to 9 
years), adoleseenee (between 9 
and 14 years), and matnrity (18 
years). 18. Trisomy 21, or Downs 
syndrome, is when the affeeted 
person has a third ehromosome 


on the 21st pair. Affeeted people 
exhibit intelleetnal disability and 
physieal malformations, inelnding 
a eharaeteristie faeial appearanee. 
There is a direet eorrelation 
between maternal age and the risk 
of having a ehild with trisomy 21. 
For a maternal age below 25, the 
ineidenee of Downs syndrome 
approaehes 1 in 2000 births, or 0.05 
pereent. For maternal ages 30-34, 
the odds inerease to 1 in 900, and 
during ages 35-44 they inerease to 
1 in 46, or more than 2 pereent. 


ehapter Integratìon 


1. Althongh teehnieally it takes 
only one sperm to fertilize 
a seeondary ooeyte, Joe s 
oligospermia means that most 
sperm entering the female 
reprodnetive traet are killed or 
disabled before they reaeh the 
uterus. Thus, too few sperm 
reaeh the seeondary ooeyte in a 
nterine tube to produce sufficient 
aerosomal enzymes to enable one 
sperm to penetrate the eorona 


radiata and fuse with the ooeyte 
membrane. 2. Hemophilia A is 
an X-linked reeessive trait. The 
probability that this couple s 
daughters will have hemophilia 
is zero, because eaeh daughter 
will reeeive a dominant normal 
allele from her father. There is a 50 
pereent ehanee that a son will have 
hemophilia, beeanse eaeh son has 
a 50 pereent ehanee of reeeiving 
the mother s normal allele, and a 
50 pereent ehanee of reeeiving the 
mother s reeessive allele. 
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Glossary 




A 


abdomen: The region of the tmnk between the 
inferior margin of the rib eage and the snperior 
margin of the pelvis. 

abdominopelvie eavity: The term used to refer to 
the general region bounded by the abdominal wall 
and the pelvis; it eontains the peritoneal eavity and 
viseeral organs. 

abdneens: Granial nerve VI, which innervates the 
lateral rectus muscle of the eye. 
abdnetion: Movement away from the midline of the 
body, as viewed in the anatomieal position. 
abseess: A loealized eolleetion of pus within a 
damaged tissue. 

absorption: The aetive or passive uptake of gases, 
fluids, or solutes. 

aeeommodation: An alteration in the curvature of 
the lens of the eye to focus an image on the retina. 
acetabulum: The fossa on the lateral aspeet of the 
pelvis that aeeommodates the head of the femur. 
aeetyleholine (ACh): A ehemieal neurotransmitter 
in the brain and peripheral nervons system; the 
dominant nenrotransmitter in the peripheral ner- 
vous system, released at neuromuscular junctions 
and synapses of the parasympathetie division. 
aeetyleholinesterase (AChE): An enzyme found 
in the synaptie eleft, bound to the postsynaptie 
membrane, and in tissue fluids; breaks down and 
inaetivates aeetyleholine moleenles. 
acetyl-CoA: An aeetyl group bound to eoenzyme 
A, a partieipant in the anabolie and eatabolie 
pathways for earbohydrates, lipids, and many 
amino aeids. 

aeetyl group: —eHgGO. 

Aehilles tendon: The large tendon that inserts on 
the ealeanens; tension on this tendon prodnees 
extension (plantar flexion) of the foot; also ealled 
ealeaneal tendon. 

aeid: A eomponnd whose dissoeiation in solntion 
releases a hydrogen ion and an anion; an aeidie 
solntion has a pH below 7.0 and eontains an excess 
of hydrogen ions. 

aeidosis: An abnormal physiologieal state eharaeter- 
ized by a blood pH below 7.35. 
acinus/aeini: A histologieal term referring to a blind 
poeket, pouch, or sae. 

aeonstie: Pertaining to sound or the sense of hearing. 
aeromion: A eontinnation of the seapnlar spine that 
projeets snperior to the eapsnle of the shonlder joint. 
aerosomal eap: A membranons sae at the tip of a 
spermatozoon that eontains hyalnronidase. 
aetin: The protein eomponent of mierofilaments 
that forms thin filaments in skeletal mnseles and 
prodnees eontraetions of all mnseles throngh 
interaetion with thiek (myosin) filaments. 
aetion potential: A propagated ehange in the mem- 
brane potential of excitable eells, initiated by a ehange 
in the membrane permeability to sodium ions. 
aetive transport: The ATP-dependent absorption or 
seeretion of solntes aeross a plasma membrane. 
acute: Sudden in onset, severe in intensity, and brief 
in dnration. 

adaptation: A ehange in pnpillary size in response to 
ehanges in light intensity; a deerease in reeeptor 
sensitivity or pereeption after ehronie stimnlation. 
adaptive immnnity: Type of defense that is not 
present at birth and is related to previons antigen 
exposure; also ealled speeifie immanity. 

Addison’s disease: A eondition resnlting from the 
hyposeeretion of glneoeortieoids; eharaeterized 
by lethargy, weakness, hypotension, and inereased 
skin pigmentation. 

addnetion: Movement toward the axis or midline of 
the body, as viewed in the anatomieal position. 
adenine: A purine; one of the nitrogenons bases in 
the nneleie aeids RNA and DNA. 


adenohypophysis: The anterior lobe of the pitnitary 
gland. 

adenosine: A eomponnd eonsisting of adenine and 
ribose. 

adenosine diphosphate (ADP): A eomponnd 
eonsisting of adenosine with two phosphate 
groups attaehed. 

adenosine monophosphate (AMP): A nucleotide 
eonsisting of adenosine plus a phosphate group 
(PO/“); also ealled adenosine phosphate. 
adenosine triphosphate (ATP): A high-energy 
eomponnd eonsisting of adenosine with three 
phosphate groups attaehed; the third is attaehed 
by a high-energy bond. 

adenylate eyelase: An enzyme bound to the inner 
snrfaees of plasma membranes that ean eonvert ATP 
to eyelie AMP; formerly ealled adenylyl eyelase. 

adipoeyte: A fat eell. 

adipose tissue: Loose eonneetive tissue dominated 
by adipoeytes. 

adrenal cortex: The snperfieial portion of the 
adrenal gland that prodnees steroid hormones; 
also ealled saprarenal cortex. 
adrenal gland: A small endoerine gland that seeretes 
steroids and eateeholamines and is loeated snperior 
to eaeh kidney; also ealled saprarenal gland. 
adrenal mednlla: The eore of the adrenal gland; 
a modified sympathetie ganglion that seeretes 
eateeholamines into the blood during sympathetie 
aetivation; also ealled saprarenal medalla. 
adrenergie: An axon terminal that, when stimnlated, 
releases norepinephrine. 

adrenoeortieal hormone: Any steroid prodneed by 
the adrenal cortex. 

adrenoeortieotropie hormone (ACTH): The 

hormone that stimnlates the prodnetion and 
seeretion of glneoeortieoids by the zona faseienlata 
of the adrenal cortex; released by the anterior lobe 
of the pitnitary gland in response to eortieotropin- 
releasing hormone. 

adventitia: The snperfieial layer of eonneetive tissue 
surrounding an internal organ; fibers are eontinn- 
ous with those of surrounding tissnes, providing 
snpport and stabilization. 
aerobie: Requiring the presenee of oxygen. 
aerobie metabolism: The eomplete breakdown of 
organie snbstrates into earbon dioxide and water, 
via pyrnvate; a proeess that yields large amonnts of 
ATP but requires mitoehondria and oxygen. 
afferent: Toward a eenter. 

afferent arteriole: An arteriole that earries blood to 
a glomerulus of the kidney. 

afferent fìber: An axon that earries sensory informa- 
tion to the eentral nervons system. 
agglntination: The aggregation of red blood eells 
due to interaetions between snrfaee antigens and 
plasma antibodies. 

aggregated lymphoid nodnles: Lymphoid nodnles 
beneath the epithelinm of the small intestine; also 
ealled Peyer’s patehes. 

agonist: A muscle responsible for a speeifie move- 
ment; also ealled a prime mover. 
agrannlar: Without granules; agranalar leakoeytes 
are monoeytes and lymphoeytes. 
alba: White. 
albieans: White. 
albnginea: White. 

aldosterone: A mineraloeortieoid prodneed by 
the zona glomernlosa of the adrenal cortex; 
stimnlates sodium and water eonservation at the 
kidneys; seereted in response to the presenee of 
angiotensin 11. 

alkalosis: The eondition eharaeterized by blood 
pH greater than 7.45; assoeiated with a relative 
defìeieney of hydrogen ions or an excess of 
biearbonate ions. 


allograft: Tissue transplant between members of the 
same speeies. 

alpha reeeptors: Membrane reeeptors sensitive 
to norepinephrine or epinephrine; stimnlation 
normally resnlts in the excitation of the target eell. 
alveolar sae: An air-fìlled ehamber that snpplies air 
to several alveoli. 

alveolus/alveoli: Blind poekets at the end of the 
respiratory tree, lined by a simple squamous 
epithelium and surrounded by a eapillary network; 
sites of gas exchange with the blood; a bony soeket 
that holds the root of a tooth. 

Alzheimer’s disease: A disorder resnlting from 
degenerative ehanges in popnlations of nenrons in 
the eerebrnm, eansing dementia eharaeterized by 
problems with attention, short-term memory, and 
emotions. 

amination: The attaehment of an amino group to a 
earbon ehain; performed by a variety of eells and 
important in the synthesis of amino aeids. 
amino aeid: Organie eomponnd made up of earbon, 
hydrogen, oxygen, and nitrogen; bnilding bloeks 
of protein. 

amino group: —NH^. 

amnion: One of the four extraembryonic mem- 

branes; surrounds the developing embryo or fetus. 
amniotie fluid: Fluid that fills the amniotie eavity; 

enshions and snpports the embryo or fetus. 
amphiarthrosis: A joint that permits a small degree 
of independent movement; see interosseous 
membrane and pubic symphysis. 
amphipathie: Moleenle eontaining both hydropho- 
bie and hydrophilie portions. 
ampulla/ampullae: A loealized dilation in the lumen 
of a eanal or passageway. 
amygdaloid body: A basal nucleus that is a 

eomponent of the limbie system and aets as an 
interfaee between that system, the eerebrnm, and 
sensory systems. 

amylase: An enzyme that breaks down polysae- 
eharides; prodneed by the salivary glands and 
panereas. 

anabolism: The synthesis of complex organie 
eomponnds from simpler preenrsors. 
anaerobie: Without oxygen. 
anal triangle: The posterior snbdivision of the 
perinenm. 

anaphase: The mitotie stage in which the paired 
ehromatids separate and move toward opposite 
ends of the spindle apparatns. 
anaphylaxis: A hypersensitivity reaetion due to the 
binding of antigens to immunoglobulins (IgE) on 
the snrfaees of mast eells; the release of histamine, 
serotonin, and prostaglandins by mast eells 
then causes widespread inflammation; a sudden 
deerease in blood pressnre may occur, producing 
anaphylaetie shoek. 

anastomosis: The joining of two tubes, usually 

referring to a eonneetion between two peripheral 
vessels without an intervening eapillary bed. 
anatomieal position: An anatomieal referenee posi- 
tion; the body viewed from the anterior snrfaee 
with the palms faeing forward. 
anatomy: The study of the structure of the body. 
androgen: A steroid sex hormone primarily 

prodneed by the interstitial eells of the testis and 
manufactured in small quantities by the adrenal 
cortex in both sexes. 

anemia: The eondition marked by a deerease in the 
hematoerit, the hemoglobin eontent of the blood, 
or both. 

angiogenesis: Formation of new blood vessels. 
angiotensin I: The hormone prodneed by the aetiva- 
tion of angiotensinogen by renin; angiotensin- 
eonverting enzyme (ACE) eonverts angiotensin I 
into angiotensin II in lung eapillaries. 
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angiotensin II: A hormone that causes an inerease 
in systemie blood pressnre, stimulates the seere- 
tion of aldosterone, promotes thirst, and causes 
the release of antidiuretic hormone; angiotensin- 
eonverting enzyme in lung eapillaries eonverts 
angiotensin I into angiotensin 11. 
angiotensinogen: The blood protein produced by 
the liver that is eonverted to angiotensin I by the 
enzyme renin, 

anion: An ion having a negative eharge. 
anoxia: Tissue oxygen deprivation. 
antagonist: A muscle that opposes the movement of 
an agonist. 

antebraehinm: The forearm. 

anterior: On or near the front, or ventral surface, of 
the body. 

antibiotie: A ehemieal agent that seleetively kills 
pathogens, primarily baeteria. 
antibody: A globular protein produced by plasma eells 
that will bind to speeifie antigens and promote their 
destrnetion or removal from the body. 
antibody-mediated immnnity: The form of im- 
munity resulting from the presenee of circulating 
antibodies produced by plasma eells; also ealled 
hnmoral immanity. 

antieodon: Three nitrogenous bases on a tRNA 
molecule that interaet with a eomplementary 
eodon on a strand of mRNA, 
antidinretie hormone (ADH): A hormone 

synthesized in the hypothalamus and seereted by 
the posterior lobe of the pituitary gland (neurohy- 
pophysis); causes water retention by the kidneys 
and an inerease of blood pressure. 
antigen: A substance eapable of inducing the 
production of antibodies. 

antigen-antibody complex: The eombination of an 
antigen and a speeifie antibody. 
antigenie determinant site: A portion of an antigen 
that ean interaet with an antibody molecule. 
antigen-presenting eell (APC): A eell that 

proeesses antigens and displays them, bound to 
eiass II MHC proteins; essential to the initiation 
of a normal immune response. 
antihistamine: A ehemieal agent that bloeks the 
aetion of histamine on peripheral tissues. 
antrnm: A ehamber or poeket. 
annlns: A eartilage or bone shaped like a ring; also 
spelled annulus. 

anus: The external opening of the anal eanal. 
aorta: The large, elastie artery that earries blood away 
from the left ventriele and into the systemie circuit. 
apoerine seeretion: A mode of seeretion in which 
the glandular eell sheds portions of its eytoplasm. 
aponeurosis/aponeuroses: Broad tendinous 

sheet(s) that may serve as the origin or insertion of 
a skeletal muscle. 

appendicular: Pertaining to the upper or lower 
limbs. 

appendix: A blind sae eonneeted to the cecum of the 
large intestine. 

appositional growth: The enlargement of a eartilage 
or bone by the addition of eartilage or bony matrix 
at its surface, 

aqueous humor: A fluid similar to perilymph or 
eerebrospinal fluid that fills the anterior ehamber 
of the eye. 

araehidonie aeid: One of the essential fatty aeids. 
araehnoid grannlations: Proeesses of the araehnoid 
mater that projeet into the superior sagittal sinus; 
sites where eerebrospinal fluid enters the venous 
circulation. 

araehnoid mater: The middle meninx that eneloses 
eerebrospinal fluid and proteets the eentral 
nervous system, 

arbor vitae: The eentral, branehing mass of white 
matter inside the cerebellum. 


arenate: Curving. 

areolar: Gontaining minute spaees, as in areolar 
tissue. 

areolar tissue: Loose eonneetive tissue with an open 
framework. 

arreetor pili: Smooth muscles whose eontraetions 
foree hairs to stand ereet. 
arrhythmias: Abnormal patterns of eardiae 
eontraetions. 

arteriole: A small arterial braneh that delivers blood 
to a eapillary network. 

artery: A blood vessel that earries blood away from 
the heart and toward a peripheral eapillary. 
articular: Pertaining to a joint. 
articular capsule: The dense eollagen fiber sleeve 
that surrounds a joint and provides proteetion 
and stabilization, 

articular eartilage: The eartilage pad that eovers the 
surface of a bone inside a joint eavity. 

articulation: Ajoint. 

aseending traet: A traet earrying information from 
the spinal eord to the brain. 
assoeiation areas: Gortieal areas of the eerebrnm 
that are responsible for the integration of sensory 
inputs and/or motor eommands. 
astroeyte: One of the four types of neuroglia in the 
eentral nervous system; responsible for maintain- 
ing the blood-brain barrier by the stimulation of 
endothelial eells. 

atheroselerosis: The formation of fatty plaques in 
the walls of arteries, restrieting blood flow to deep 
tissues. 

atom: The smallest stable unit of matter. 
atomie number: The number of protons in the 
nucleus of an atom. 

atomie weight: The average of the different atomie 
masses and isotope proportions of a particular 
element. 

atria: Thin-walled ehambers of the heart that reeeive 
venous blood from the pulmonary or systemie 
circuit. 

atrial natriuretic peptide (ANP): See natriuretic 
peptides. 

atrioventricular (AV) node: Speeialized eardioeytes 
that relay the eontraetile stimulus to the bundle 
of His, the bundle branehes, the Purkinje fibers, 
and the ventricular myocardium; loeated at the 
boundary between the atria and ventrieles, 
atrioventrienlar (AV) valve: One of the valves that 
prevents backflow into the atria during ventricular 
systole (eontraetion), 

atrophy: The wasting away of tissues from a laek of 
use, isehemia, or nutritional abnormalities. 
anditory: Pertaining to the sense of hearing. 
anditory ossieles: The bones of the middle ear: mal- 
leus, incus, and stapes. 

anditory tube: A passageway that eonneets the 
nasopharynx with the middle ear eavity. 
auricle: A broad, flattened proeess that resembles the 
external ear; in the ear, the expanded, projeeting 
portion that surrounds the external auditory me- 
atus, also ealled pinna', in the heart, the externally 
visible flap formed by the eollapse of the outer wall 
of a relaxed atrium. 

autoantibodies: Antibodies that reaet with antigens 
on the surfaces of a persons own eells and tissues. 
autograft: Tissue transplant from the same person, 
autoimmunity: The immune system’s sensitivity to 
normal eells and tissues, resulting in the produc- 
tion of autoantibodies. 

antolysis: The destrnetion of a eell due to the rupture 
of lysosomal membranes in its eytoplasm, 
antomatieity: The spontaneous depolarization to 
threshold, eharaeteristie of eardiae paeemaker eells, 
antonomie ganglion: A eolleetion of viseeral motor 
neurons outside the eentral nervous system. 


antonomie nerve: A peripheral nerve eonsisting of 
preganglionie or postganglionie autonomic fibers. 
antonomie nervons system (ANS): Genters, nuclei, 
traets, ganglia, and nerves involved in the uncon- 
scious regulation of viseeral functions; includes 
eomponents of the eentral nervous system and the 
peripheral nervous system. 
antopsy: The detailed examination of a body after 
death. 

autoregulation: Ghanges in aetivity that maintain 
homeostasis in direet response to ehanges in the 
loeal environment; does not require neural or 
endoerine eontrol. 

antosomal: Ghromosomes other than the X or Y sex 
ehromosome, 

avasenlar: Without blood vessels. 
axilla: The armpit. 

axolemma: The plasma membrane of an axon, 
continuous with the plasma membrane of the 
eell body and dendrites and distinet from any 
neuroglial eoverings. 

axon: The elongated extension of a neuron that 
conducts an aetion potential. 
axon hilloek: In a multipolar neuron, the portion of 
the eell body adjaeent to the initial segment. 
axon terminal: The club-shaped ending of an 

axon that eontains neurotransmitters and makes 
synaptie eontaet with an effeetor; also ealled 
a synaptie terminal. 

axoplasm: The eytoplasm within an axon. 




baeteria: Single-eelled mieroorganisms, some 

pathogenie, that are eommon in the environment 
and in and on the body. 

baroreeeption: The ability to deteet ehanges in 
pressure. 

baroreeeptor reflex: A reflexive ehange in eardiae 
aetivity in response to ehanges in blood pressure. 
baroreeeptors: The reeeptors responsible for 
baroreeeption. 

basal lamina: A layer of filaments and fibers that 
attaehes an epithelium to the underlying eonnee- 
tive tissue; also ealled the basement membrane. 
basal nuclei: Nuclei of the cerebrum that are 

important in the subconscious eontrol of skeletal 
muscles. 

base: A compound whose dissoeiation releases a 
hydroxide ion (OH^) or removes a hydrogen ion 
(H^) from the solution. 

basement membrane: A layer of filaments and 
fibers that attaehes an epithelium to the underly- 
ing eonneetive tissue; also ealled the basal lamina. 
basophils: Circulating granulocytes (white blood 
eells) similar in size and function to tissue mast 
eells. 

B eells: Lymphoeytes eapable of differentiating into 
plasma eells, which produce antibodies. 
benign: Not malignant. 

beta eells: Gells of the panereatie islets that seerete 
insulin in response to inereased blood sugar 
eoneentrations. 

beta oxidation: Fatty aeid eatabolism that produces 
molecules of acetyl-CoA. 

beta reeeptors: Membrane reeeptors sensitive to 
epinephrine; stimulation may result in the excita- 
tion or inhibition of the target eell. 
biearbonate ion: HeO^”; anion eomponent of the 
earbonie aeid-biearbonate buffer system, 
bienspid: Having two cusps or points; refers to a 
premolar tooth, which has two roots, or to the left 
AV valve, which has two cusps. 
bienspid valve: The left atrioventricular (AV) valve, 
also ealled mitral valve. 
bifnreate: To braneh into two parts. 
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bile: The exocrine seeretion of the liver; stored in the 
gallbladder and ejeeted into the dnodennm, 
bile salts: Steroid derivatives in bile; responsible for 
the emnlsifieation of ingested lipids. 
bilirubin: A pigment that is the byprodnet of 
hemoglobin eatabolism. 

biopsy: The removal of a small tissne sample for 
pathologieal analysis. 

bladder: A mnsenlar sae that distends as flnid is 
stored and whose eontraetion ejeets the flnid at 
an appropriate time; used alone, the term usually 
refers to the urinary bladder. 
blastoeyst: An early stage in the developing embryo, 
eonsisting of an outer trophoblast and an inner 
eell mass. 

blood-brain barrier: The isolation of the eentral 
nervons system from the general eirenlation; 
primarily the result of astroeyte regulation of 
eapillary permeabilities. 

blood-CSF barrier: The isolation of the eerebrospi- 
nal fluid from the eapillaries of the ehoroid plexus; 
primarily the result of speeialized ependymal eells. 
blood pressnre: A foree exerted against vessel 
walls by the blood in the vessels, due to the push 
exerted by eardiae eontraetion and the elastieity 
of the vessel walls; usually measured along one 
of the muscular arteries, with systolie pressure 
measured during ventrienlar systole (eontraetion) 
and diastolie pressnre during ventrienlar diastole 
(relaxation). 

blood-testis barrier: The isolation of the interior 
of the seminiferons tubules from the general 
eirenlation, due to the aetivities of the nurse 
(sustentacular) eells. 

Bohr eífeet: The inereased oxygen release by 
hemoglobin due to inereased earbon dioxide 
levels. 

bolus: A eompaet mass; usually refers to eompaeted 
ingested material (food) on its way to the stomaeh. 
bone: See osseous tissue. 
bowel: The intestinal traet. 
braehial: Pertaining to the arm. 
braehial plexus: A network formed by branehes of 
spinal nerves e^—en route to innervating the 
upper limb. 
brachium: The arm. 

bradyeardia: An abnormally slow heart rate, usually 
below 50 bpm, 

brain natrinretie peptide (BNP): See natrinretie 
peptides. 

brain stem: The brain minus the cerebrum, 
dieneephalon, and eerebellnm. 
brevis: Short. 

bronehial tree: The traehea, bronehi, and bronehioles. 
bronehodilation: The dilation of the bronehial 
passages; ean be caused by sympathetie 
stimulation, 

bronehns/bronehi: Braneh/branehes of the bron- 
ehial tree between the traehea and bronehioles. 
buccal: Pertaining to the eheeks. 
buffer: A eomponnd that stabilizes the pH of a solu- 
tion by removing or releasing hydrogen ions. 
buffer system: interaeting eomponnds that prevent 
inereases or deereases in the pH of body fluids; 
includes the earbonie aeid-biearbonate buffer 
system, the phosphate buffer system, and the 
protein buffer system, 
bulbar: Pertaining to the brain stem. 
bulbourethral glands: Mucous glands at the base 
of the penis that seerete into the penile nrethra; 
the equivalent of the greater vestibnlar glands of 
females; also ealled Cowper’s glands. 
bundle branehes: Speeialized eondneting eells in the 
ventrieles that earry the eontraetile stimulus from 
the atrioventricular bundle (bundle of His) to the 
Pnrkinje fibers. 


bundle of His: Speeialized eondneting eells in the 
interventrienlar septum that earry the eontraeting 
stimulus from the AV node to bundle branehes 
and then to Pnrkinje fibers. 
bursa: A small sae filled with synovial fluid that 
cushions adjaeent structures and rednees frietion. 
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ealeaneal tendon: The large tendon that inserts on 
the ealeanens; tension on this tendon prodnees 
extension (plantar flexion) of the foot; also ealled 
Aehilles tendon. 

ealeanens: The heel bone, the largest of the tarsal 
bones. 

ealeifìeation: The deposition of ealeinm salts within 
a tissue. 

ealeitonin: The hormone seereted by C eells of 
the thyroid when ealeinm ion eoneentrations 
are abnormally high; restores homeostasis by 
inereasing the rate of bone deposition and the rate 
of ealeinm loss by the kidneys. 
calculus/calculi: Solid mass/masses of insolnble 
materials that form within body fluids, espeeially 
the gallbladder, kidneys, or nrinary bladder. 
callus: A loealized thiekening of the epidermis due 
to ehronie meehanieal stresses; a thiekened area 
that forms at the site of a bone break as part of the 
repair proeess. 

canaliculi: Mieroseopie passageways between 
eells; bile eanalienli earry bile to bile ducts in the 
liver; in bone, eanalienli permit the diffnsion of 
nntrients and wastes to and from osteoeytes, 
cancellous bone: Spongy bone, eomposed of a 
network of bony struts. 

eaneer: An illness caused by mutations leading to 
the nneontrolled growth and replieation of the 
affeeted eells. 

eannnla: A tube that ean be inserted into the body; 
eommonly plaeed in blood vessels prior to transfn- 
sion or dialysis. 

eapaeítatíon: The aetivation proeess that must occur 
before a spermatozoon ean successfully fertilize an 
ooeyte; occurs in the vagina after ejaenlation, 
eapillary: A small blood vessel, loeated between an 
arteriole and a venule, whose thin wall permits the 
diffnsion of gases, nntrients, and wastes between 
plasma and interstitial fluids. 
eapitnlnm: A general term for a small, elevated 
artienlar proeess; refers to the ronnded distal 
snrfaee of the humerus that articulates with the 
head of the radius. 
caput: The head. 

earbaminohemoglobin: Hemoglobin bound to 
earbon dioxide moleenles. 
earbohydrase: An enzyme that breaks down 
earbohydrate moleenles. 

earbohydrate: An organie eomponnd eontaining 
earbon, hydrogen, and oxygen in a ratio that 
approximates 1:2:1. 

earbon dioxide: GO^; a eomponnd prodneed by 
the eitrie aeid eyele reaetions of aerobie 
metabolism. 

earbonie anhydrase: An enzyme that eatalyzes the 
reaetion H^O + GO^ ^ H^GO^; important in 
earbon dioxide transport, gastrie aeid seeretion, 
and renal pH regnlation, 
eareinogenie: Stimnlating eaneer formation in 
affeeted tissnes. 

eardia: The area of the stomaeh surrounding its 
eonneetion with the esophagns, 
eardiae: Pertaining to the heart. 
eardiae eyele: One eomplete heartbeat, inelnding 
atrial and ventrienlar systole and diastole. 
eardiae output: The amount of blood ejeeted by the 
left ventriele eaeh minute. 


eardiae reserve: The potential pereentage inerease 
in eardiae output above resting levels. 
eardiae tamponade: A eompression of the heart due 
to fluid accumulation in the perieardial eavity. 
eardioeyte: A eardiae muscle eell. 
eardiovasenlar: Pertaining to the heart, blood, and 
blood vessels. 

eardiovasenlar eenter: Poorly loealized area in 

the retienlar formation of the mednlla oblongata of 
the brain; inelndes eardioaeeeleratory, eardioin- 
hibitory, and vasomotor eenters. 
eardinm: The heart. 

earotene: A yellow-orange pigment, found in earrots 
and in green and orange leafy vegetables, that the 
body ean eonvert to vitamin A. 
earotid artery: The prineipal artery of the neek, 
servieing eervieal and eranial structures; one 
braneh, the internal earotid, provides a major 
blood supply to the brain. 

earotid body: A group of reeeptors, adjaeent to the 
earotid sinus, that are sensitive to ehanges in the 
earbon dioxide levels, pH, and oxygen eoneentra- 
tions of arterial blood. 

earotid sinus: A dilated segment at the base of the 
internal earotid artery whose walls eontain barore- 
eeptors sensitive to ehanges in blood pressnre. 
earotid sinus reflex: Reflexive ehanges in blood pres- 
sure that maintain homeostatie pressnres at the 
earotid sinus, stabilizing blood flow to the brain, 
carpus/carpal: The wrist. 
eartilage: A eonneetive tissue with a gelatinous 
matrix that eontains an abnndanee of fibers. 
eatabolism: The breakdown of complex organie 
moleenles into simpler eomponents, aeeompanied 
by the release of energy. 

eatalyst: A snbstanee that aeeelerates a speeifie 
ehemieal reaetion but that is not altered by the 
reaetion. 

eateeholamines: Epinephrine, norepinephrine, 
dopamine, and related eomponnds. 
eatheter: A tube surgically inserted into a body eav- m 
ity or along a blood vessel or excretory passageway H 
for the eolleetion of body fluids, monitoring of H 
blood pressnre, or introdnetion of medieations or H 

radiographie dyes. H 

eation: An ion that has a positive eharge. H 

cauda equina: Spinal nerve roots distal to the tip of H 

the adult spinal eord; they extend eandally inside the H 

vertebral eanal en route to lumbar and saeral segments. H 
caudal/caudally: Glosest to or toward the tail (coccyx). H 
caudate nucleus: One of the basal nuclei involved H 

with the subconscious eontrol of skeletal mnseles. H 
eell: The smallest living structural unit in the human H 
body. ^ 

eell-mediated immunity: Resistanee to disease by 
sensitized T eells that destroy antigen-bearing 
eells by direet eontaet or throngh the release of 
lymphotoxins; also ealled eellalar immanity. 
eenter of ossifìeation: The site in a eonneetive tissue 
where bone formation begins. 
eentral eanal: Longitndinal eanal in the eenter of 
an osteon that eontains blood vessels and nerves, 
a passageway along the longitndinal axis of the 
spinal eord that eontains eerebrospinal fluid. 
eentral nervons system (CNS): The brain and 
spinal eord. 

eentriole: A eylindrieal intraeellnlar organelle eom- 
posed of nine groups of microtubules, three in eaeh 
group; functions in mitosis or meiosis by organizing 
the microtubules of the spindle apparatns. 
eentromere: The loealized region where two ehro- 
matids remain eonneeted after the ehromosomes 
have replieated; site of spindle fiber attaehment. 
eentrosome: A region of eytoplasm that eontains a 
pair of eentrioles oriented at right angles to one 
another. 
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eephalie: Pertaining to the head. 
cerebellum: The posterior portion of the meten- 
eephalon, eontaining the eerebellar hemispheres; 
inelndes the arbor vitae, eerebellar nnelei, and 
eerebellar cortex. 

eerebral cortex: An extensive area of nenral cortex 
eovering the snrfaees of the eerebral hemispheres. 
eerebral hemispheres: A pair of expanded portions 
of the eerebrnm eovered in nenral cortex. 
eerebrospinal íluid (CSF): Flnid bathing the inter- 
nal and external snrfaees of the eentral nervons 
system; seereted by the ehoroid plexus. 
cerebrovascular aeeident (CVA): The occlusion of 
a blood vessel that snpplies a portion of the brain, 
resnlting in damage to the dependent nenrons; 
also ealled stroke. 

eerebrnm: The largest portion of the brain, eomposed 
of the eerebral hemispheres; inelndes the eerebral 
cortex, the basal nuclei, and the internal eapsnle. 
eernmen: The waxy seeretion of the ceruminous 
glands along the external aeonstie meatus. 
ceruminous glands: Integumentary glands that 
seerete eernmen. 

cervix: The inferior portion of the uterus. 
ehemoreeeption: The deteetion of ehanges in the 
eoneentrations of dissolved eomponnds or gases. 
chemotaxis: The attraetion of phagoeytes to the 
source of abnormal ehemieals in tissue fluids. 
ehloride shift: The movement of plasma ehloride 
ions into red blood eells in exchange for biearbon- 
ate ions generated by the intraeellnlar dissoeiation 
of earbonie aeid. 

eholeeystokinin (CCK): A dnodenal hormone that 
stimnlates the eontraetion of the gallbladder and 
the seeretion of enzymes by the exocrine panereas. 
eholesterol: A steroid eomponent of plasma 

membranes and a snbstrate for the synthesis of 
steroid hormones and bile salts. 
eholine: A breakdown prodnet or preenrsor of 
aeetyleholine. 

eholinergie synapse: A synapse where the 

presynaptie membrane releases aeetyleholine on 
stimnlation. 

eholinesterase: The enzyme that breaks down and 
inaetivates aeetyleholine. 
ehondroeyte: A eartilage eell. 

ehondroitin snlfate: The predominant proteoglyean 
in eartilage, responsible for the gelatinons 
eonsisteney of the matrix. 

ehordae tendineae: Fibrons eords that stabilize the 
position of the AV valves in the heart, preventing 
backflow during ventrienlar systole. 
ehorion/ehorionie: An extraembryonic membrane, 
eonsisting of the trophoblast and nnderlying 
mesoderm, that forms the plaeenta. 
ehoroid: The middle, vasenlar layer in the wall of 
the eye. 

ehoroid plexus: The vasenlar complex in the roof 
of the third and fourth ventrieles of the brain, 
responsible for the prodnetion of eerebrospinal 
fluid. 

ehromatid: One eomplete eopy of a DNA strand and 
its assoeiated nneleoproteins. 
ehromatin: A histologieal term referring to the 
grainy material visible in eell nuclei during 
interphase; the appearanee of the DNA eontent of 
the nucleus when the ehromosomes are nneoiled. 
ehromosomes: Dense structures, eomposed of tightly 
eoiled DNA strands and assoeiated histones, that 
beeome visible in the nucleus when a eell prepares 
to nndergo mitosis or meiosis; normal human 
somatie eells eaeh eontain 46 ehromosomes. 
ehronie: Habitnal or long term. 
ehylomierons: Relatively large droplets that may 
eontain triglyeerides, phospholipids, and eholes- 
terol in assoeiation with proteins; synthesized and 


released by intestinal eells and transported to the 
venous blood by the lymphatie system. 
eiliary body: A thiekened region of the ehoroid that 
eneireles the lens of the eye; inelndes the eiliary 
muscle and the eiliary proeesses that snpport the 
snspensory ligaments of the lens. 
cilium/cilia: Slender organelle(s) extending above 
the free snrfaee of an epithelial eell and generally 
nndergoes eyeles of movement; eomposed of a 
basal body and microtubules in a 9 + 2 array. 
circulatory system: The network of blood vessels 
and lymphatie vessels that faeilitate the distribn- 
tion and eirenlation of extracellular fluid. 
circumduction: A movement at a synovial joint 
in which the distal end of the bone moves in a 
eirenlar direetion, but the shaft does not rotate. 
eisterna: An expanded or flattened ehamber 

derived from and assoeiated with the endoplasme 
reticulum. 

eitrie aeid eyele: The reaetion sequence that occurs 
in the matrix of mitoehondria; in the proeess, 
organie moleenles are broken down, earbon 
dioxide moleenles are released, and hydrogen 
atoms are transferred to eoenzymes that deliver 
them to the eleetron transport system; also ealled 
the Krebs eyele. 

elot: A network of fibrin fibers and trapped blood 
eells; also ealled a thrombus if it occurs within the 
eardiovasenlar system. 

elotting faetors: Plasma proteins, synthesized by the 
liver, that are essential to the elotting response. 
elotting response: The series of events that result in 
the formation of a elot. 

eoeeygeal ligament: The fibrons extension of 
the dura mater and filum terminale; provides 
longitndinal stabilization to the spinal eord. 
coccyx: The terminal portion of the spinal column, 
eonsisting of relatively tiny, fused vertebrae. 
eoehlea: The spiral portion of the bony labyrinth of 
the internal ear that surrounds the organ of hearing. 
eoehlear duct: The eentral membranons tube within 
the eoehlea that is filled with endolymph and 
eontains the organ of Gorti; also ealled seala media. 
eodon: A sequence of three nitrogenons bases along 
an mRNA strand that will speeify the loeation of 
a single amino aeid in a peptide ehain. 
eoelom: The ventral body eavity, lined by a serous 
membrane and snbdivided during fetal develop- 
ment into the plenral, perieardial, and abdomino- 
pelvie (peritoneal) eavities. 
eoenzymes: Complex organie eofaetors; most are 
structurally related to vitamins. 
eofaetor: lons or moleenles that must be attaehed 
to the aetive site before an enzyme ean func- 
tion; examples inelnde mineral ions and several 
vitamins. 

eollagen: A strong, insolnble protein fiber eommon 
in eonneetive tissnes. 

eollateral ganglíon: A sympathetie ganglion loeated 
anterior to the spinal column and separate from 
the sympathetie ehain. 

colliculus/colliculi: Little mound(s); in the brain, 
refers to one of the thiekenings in the roof of 
the meseneephalon; the snperior eollienli are 
assoeiated with the visual system, and the inferior 
eollienli with the anditory system. 
eolloid/eolloidal suspension: A solntion eontaining 
large organie moleenles in snspension. 
eolon: The large intestine. 

eomminnted: Broken or ernshed into small pieees. 
eommissnre: A erossing over from one side to 
another. 

eommon bile duct: The duct formed by the union 
of the eystie duct from the gallbladder and the bile 
ducts from the liver; terminates at the dnodenal 
ampnlla, where it meets the panereatie duct. 


eompaet bone: Dense bone that eontains parallel 
osteons. 

eomplement: A group of distinet plasma proteins 
that interaet in a ehain reaetion after exposure 
to aetivated antibodies or the snrfaees of eertain 
pathogens; eomplement proteins promote eell ly- 
sis, phagoeytosis, and other defense meehanisms. 
eomplianee: Distensibility; the ability of eertain 
organs to tolerate ehanges in volume; indieates the 
presenee of elastie fibers and smooth mnseles. 
eomponnd: A pure ehemieal substance made up of 
atoms of two or more different elements in a fixed 
proportion, regardless of the type of ehemieal 
bond joining them. 

eoneentration: The amount (in grams) or number 
of atoms, ions, or moleenles (in moles) per unit 
volume. 

eoneentration gradient: Regional differenees in the 
eoneentration of a partienlar snbstanee. 
eoneeption: Fertilization. 
eoneha/eonehae: Three pairs of thin, seroll-like 
bones that projeet into the nasal eavities; the 
snperior and middle eonehae are part of the 
ethmoid, and the inferior eonehae artienlate with 
the ethmoid, laerimal, maxilla, and palatine bones. 
eondyle: A ronnded artienlar projeetion on the 
snrfaee of a bone. 
eongenital: Present at birth. 
eongestive heart failnre (CHF): The failnre to 
maintain adequate eardiae output due to eardio- 
vascular problems or myoeardial damage. 
eonjnnetiva: A layer of stratified squamous 

epithelium that eovers the inner snrfaees of the 
eyelids and the anterior snrfaee of the eye to the 
edges of the eornea. 

eonneetive tissue: One of the four primary tissue 
types; provides a structural framework that 
stabilizes the relative positions of the other tissue 
types; includes eonneetive tissue proper, eartilage, 
bone, and blood; eontains eell prodnets, eells, and 
ground snbstanee. 

continuous propagation: The propagation of an aetion 
potential along an nnmyelinated axon or a muscle 
plasma membrane, wherein the aetion potential 
affeets every portion of the membrane snrfaee. 
eontraetility: The ability to eontraet; possessed by 
skeletal, smooth, and eardiae muscle eells. 
eontralateral reflex: A reflex that affeets the op- 
posite side of the body from the stimulus. 
conus niedullaris: The eonieal tip of the spinal eord 
that gives rise to the fìlum terminale. 
eonvergenee: In the nervons system, the innervation 
of a single neuron by axons from several nenrons; 
most eommon along motor pathways. 
eoraeoid proeess: A hook-shaped proeess of the 
seapnla that projeets above the anterior snrfaee of 
the eapsnle of the shonlder joint. 

Cori eyele: The metabolie exchange of laetate 
from skeletal muscle for glucose from the liver; 
performed during the reeovery period after 
muscular exertion. 

eornea: The transparent portion of the fìbrons layer 
of the anterior snrfaee of the eye. 
eornienlate eartilages: A pair of small laryngeal 
eartilages. 

cornu: Horn-shaped. 
eoronoid: Hooked or curved. 
eorpora quadrigemina: The superior and inferior 
eollienli of the meseneephalie tectum (roof) in the 
brain. 

corpus/corpora: Body/bodies. 
corpus callosum: A large bundle of axons that links 
eenters in the left and right eerebral hemispheres. 
corpus luteum: The progesterone-seereting mass 
of folliele eells that develops in the ovary after 
ovnlation. 
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cortex: The outer layer or region of an organ. 
corticobulbar traets: Deseending traets that earry 
information or eommands from the eerebral 
cortex to nuclei and eenters in the brain stem. 
eortieospinal traets: Deseending traets that earry 
motor eommands from the eerebral cortex to the 
anterior gray horns of the spinal eord. 
eortieosteroid: A steroid hormone prodneed by the 
adrenal cortex. 

eortieosterone: A eortieosteroid seereted by 
the zona faseienlata of the adrenal cortex; a 
glneoeortieoid. 

eortieotropin-releasing hormone (CRH): The 

releasing hormone, seereted by the hypothalamns, 
that stimnlates seeretion of adrenoeortieotropie 
hormone (ACTH) by the anterior lobe of the 
pitnitary gland (adenohypophysis). 
eortisol: A eortieosteroid seereted by the zona 

faseienlata of the adrenal cortex; a glneoeortieoid. 
eosta/eostae: Rib(s). 

eotransport: The membrane transport of a nntrient, 
such as glucose, in eompany with the movement 
of an ion, normally sodium; transport requires a 
earrier protein but does not involve direet ATP 
expenditure and ean occur regardless of the 
eoneentration gradient for the nntrient. 
countercurrent exchange: The transfer of heat, 
water, or solntes between two fluids that travel in 
opposite direetions. 

countercurrent mnltiplieation: Aetive transport 
between two limbs of a loop that eontains a fluid 
moving in one direetion; responsible for the 
eoneentration of urine in the kidney tubules. 
eovalent bond: A ehemieal bond between atoms that 
involves the sharing of eleetrons. 
coxal bone: Hip bone. 
eranial: Pertaining to the head. 
eranial nerves: Peripheral nerves originating at 
the brain. 

eraniosaeral division: See parasympathetie 
division. 

eraninm: The brainease; the skull bones that sur- 
round and proteet the brain. 
ereatine: A nitrogenons eomponnd, synthesized in 
the body, that ean form a high-energy bond by 
eonneeting to a phosphate group and that serves 
as an energy reserve. 

ereatine phosphate: A high-energy eomponnd in 
muscle eells; during muscle aetivity, the phosphate 
group is donated to ADP, regenerating ATP; also 
ealled phosphorylereatine. 
ereatinine: A breakdown prodnet of ereatine 
metabolism. 

erenation: Cellular shrinkage due to an osmotie 
movement of water out of the eytoplasm. 
eribriform plate: A portion of the ethmoid bone 
that eontains the foramina used by the axons of 
olfaetory reeeptors en route to the olfaetory bulbs 
of the cerebrum. 

erieoid eartilage: A ring-shaped eartilage that forms 
the inferior margin of the larynx. 
erista/eristae: A ridge-shaped eolleetion of hair eells 
in the ampnlla of a semieirenlar duct; the erista 
and cupula form a reeeptor complex sensitive to 
movement along the plane of the semieirenlar 
eanal. 

eross-bridge: A myosin head that projeets from the 
snrfaee of a thiek filament and that ean bind to 
an aetive site of a thin filament in the presenee of 
ealeinm ions. 

cuneiform eartilages: A pair of small eartilages in 
the larynx. 

cupula: A gelatinons mass that is loeated in the 
ampnlla of a semieirenlar duct in the internal ear 
and whose movement stimnlates the hair eells of 
the erista. 


Cushing’s disease: A eondition caused by the 
overseeretion of adrenal steroids. 
cutaneous membrane: The epidermis and papillary 
layer of the dermis. 

entiele: The layer of dead, keratinized eells that 
surrounds the shaft of a hair; for nails, see 

eponyehinm. 

eyanosis: An abnormal bluish eoloration of the skin 
due to the presenee of deoxygenated blood in 
vessels near the body snrfaee. 
eystie duct: A duct that earries bile between the 
gallbladder and the eommon bile duct. 
eytoehrome: A pigment eomponent of the eleetron 
transport system; a structural relative of heme. 
eytokinesis: The eytoplasmie movement that 

separates two danghter eells at the eompletion of 
mitosis. 

eytology: The study of eells. 

eytoplasm: The material between the plasma mem- 
brane and the nnelear membrane; eell eontents. 
eytosine: A pyrimidine; one of the nitrogenons bases 
in the nneleie aeids RNA and DNA. 
eytoskeleton: A network of microtubules and 
mierofilaments in the eytoplasm. 
eytosol: The fluid portion of the eytoplasm. 
cytotoxic: Poisonons to eells. 
cytotoxic T eells: Lymphoeytes involved in 

eell-mediated immnnity that kill target eells by 
direet eontaet or by the seeretion of lymphotoxins; 
also ealled killer T eells and Tq eells. 




danghter eells: Genetieally identieal eells prodneed 
by somatie eell division. 

deamination: The removal of an amino group from 
an amino aeid. 

deeomposition reaetion: A ehemieal reaetion that 
breaks a moleenle into smaller fragments. 
deenssate: To eross over to the opposite side, usually 
referring to the erossover of the deseending traets 
of the eortieospinal pathway on the ventral snrfaee 
of the mednlla oblongata. 
defeeation: The elimination of feeal wastes. 
degradation: Breakdown, eatabolism. 
dehydration: A rednetion in the water eontent of the 
body that threatens homeostasis. 
dehydration synthesis: The joining of two moleenles 
assoeiated with the removal of a water moleenle. 
demyelination: The loss of the myelin sheath of 
an axon, normally due to ehemieal or physieal 
damage to Schwann eells or oligodendroeytes. 
denatnration: A temporary or permanent ehange in 
the three-dimensional structure of a protein. 
dendrite: A sensory proeess of a neuron. 
deoxyribonucleic aeid (DNA): A nneleie aeid 
eonsisting of a double ehain of nneleotides 
that eontains the sugar deoxyribose and the 
nitrogenons bases adenine, gnanine, eytosine, and 
thymine. 

deoxyribose: A five-earbon sugar resembling ribose 
but laeking an oxygen atom. 
depolarization: A ehange in the membrane potential 
from a negative value toward 0 mV. 
depression: Inferior (downward) movement of a 
body part. 

dermatome: A sensory region monitored by the 
dorsal rami of a single spinal segment. 
dermis: The eonneetive tissue layer beneath the 
epidermis of the skin. 

detrnsor muscle: Golleetively, the three layers of 
smooth muscle in the wall of the nrinary bladder. 
development: Growth and the acquisition of 

inereasing structural and fnnetional complexity; 
inelndes the period from eoneeption to matnrity. 


diabetes mellitns: Polynria and glyeosnria, most 
eommonly due to the inadequate production or 
diminished sensitivity to insnlin with a resnlting 
inerease of blood glneose levels. 
diapedesis: The movement of white blood eells 
throngh the walls of blood vessels by migration 
between adjaeent endothelial eells. 
diaphragm: Any muscular partition; the respiratory 
muscle that separates the thoraeie eavity from the 
abdominopelvie eavity. 
diaphysis: The shaft of a long bone. 
diarthrosis: A synovial joint. 
diastolie pressure: Pressnre measnred in the walls 
of a muscular artery when the left ventriele is in 
diastole (relaxation). 

dieneephalon: A division of the brain that inelndes 
the epithalamns, thalamns, and hypothalamns. 
differential count: The determination of the relative 
abnndanee of eaeh type of white blood eell on the 
basis of a random sampling of 100 white blood 
eells. 

differentiation: The gradnal appearanee of eharae- 
teristie eellnlar speeializations during development 
as the result of gene aetivation or repression. 
diffnsion: Passive moleenlar movement from an 
area of higher eoneentration to an area of lower 
eoneentration. 

digestion: The ehemieal breakdown of ingested food 
into simple moleenles that ean be absorbed by the 
eells of the digestive traet. 

digestive system: The digestive traet and assoeiated 
glands. 

digestive traet: An internal passageway that begins 
at the oral eavity (mouth), ends at the anus, 
and is lined by a mucous membrane; also ealled 
gastrointestinal traet. 

dilate: To inerease in diameter; to enlarge or expand. 
disaeeharide: A eomponnd formed by the joining of 
two simple sugars by dehydration synthesis. 

dissoeiation: See ionization. 

distal: A direetion away from the point of attaehment 
or origin; for a limb, away from its attaehment to 
the trunk. 

distal eonvolnted tubule (DCT): The segment of 
the nephron elosest to the eonneeting tubules 
and eolleeting duct; an important site of aetive 
seeretion. 

diuresis: Fluid loss by the kidneys; the prodnetion of 
unusually large volumes of urine. 
divergenee: In neural tissue, the spread of informa- 
tion from one neuron to many nenrons; an 
organizational pattern eommon along sensory 
pathways of the eentral nervons system. 
diverticulum: A sae or pouch in the wall of the eolon 
or other organ. 

DNA molecule: Two DNA strands wound in a 

double helix and held together by hydrogen bonds 
between eomplementary nitrogenons base pairs. 
dopamine: An important nenrotransmitter in the 
eentral nervons system. 
dorsal: Toward the baek, posterior. 
dorsal root ganglion: A peripheral nervons system 
ganglion eontaining the eell bodies of sensory 
nenrons. 

dorsiflexion: Upward movement of the foot throngh 
flexion at the ankle. 

Down’s syndrome: A genetie abnormality resnlting 
from the presenee of three eopies of ehromosome 21; 
people with this eondition have eharaeteristie 
physieal and intelleetnal defieits; also ealled 
trisomy 21. 

duct: A passageway that delivers exocrine seeretions 
to an epithelial snrfaee. 

ductus arteriosus: A vasenlar eonneetion between 
the pnlmonary trunk and the aorta that fnnetions 
throughout fetal life; normally eloses at birth or 


G-5 




GLOSSARY 


shortly thereafter and persists as the ligamentnm 
arteriosnm, 

ductus deferens: A passageway that earries sperma- 
tozoa from the epididymis to the ejaenlatory duct; 
also ealled the vas deferens. 
duodenal ampnlla: A ehamber that reeeives bile 
from the eommon bile duct and panereatie seere- 
tions from the panereatie duct, 
dnodenal papílla: A eonieal projeetion from the 
inner snrfaee of the duodenum that eontains the 
opening of the dnodenal ampnlla, 
duodenum: The proximal 25 em (9,8 in,) of the small 
intestine that eontains short villi and submucosal 
glands, 

dura mater: The ontermost layer of the eranial and 
spinal meninges. 






eeerine glands: Sweat glands of the skin that 
prodnee a watery seeretion, 
eetoderm: One of the three primary germ layers; 
eovers the snrfaee of the embryo and gives rise to 
the nervons system, the epidermis and assoeiated 
glands, and a variety of other structures, 
eetopie: Outside the normal loeation, 
eífeetor: A peripheral gland or muscle eell in- 
nervated by a motor neuron, 
eíferent: Conducting a fluid or nerve impnlse away 
from an organ or structure, 
efferent arteriole: An arteriole earrying blood away 
from a glomerulus of the kidney, 
eíferent fiber: An axon that earries impnlses away 
from the eentral nervons system, 
ejaenlation: The ejeetion of semen from the penis 
as the result of muscular eontraetions of the 
bulbospongiosus and isehioeavernosns mnseles, 
ejaenlatory ducts: Short ducts that pass within the 
walls of the prostate gland and eonneet the ductus 
deferens with the prostatie nrethra, 
elastin: Gonneetive tissue fibers that streteh and 
reeoil, providing elastieity to eonneetive tissnes, 
eleetrieal eonpling: A eonneetion between adjaeent 
eells that permits the movement of ions and the 
transfer of graded or propagated ehanges in the 
membrane potential from eell to eell, 
eleetroeardiogram (ECG, EKG): A graphie reeord 
of the eleetrieal aetivities of the heart, as moni- 
tored at speeifie loeations on the body snrfaee, 
eleetroeneephalogram (EEG): A graphie reeord of 
the eleetrieal aetivities of the brain, 
eleetrolytes: Solnble inorganie eomponnds whose 
ions will eondnet an eleetrieal enrrent in solntion, 
eleetron: One of the three fnndamental snbatomie 
partieles; has a negative eharge and normally 
orbits the protons of the nucleus, 
eleetron transport system (ETS): The eytoehrome 
system responsible for aerobie energy prodnetion 
in eells; a complex bound to the inner mitoehon- 
drial membrane, 

element: All the atoms with the same atomie number, 
elevation: Movement in a snperior, or upward, 
direetion, 

embryo: The developmental stage beginning at 
fertilization and ending at the start of the third 
developmental month, 

embryology: The study of embryonie development, 
foensing on the first two months after fertilization, 
endoeardinm: The simple squamous epithelium 
that lines the heart and is continuous with the 
endothelium of the great vessels, 
endoehondral ossifieation: The replaeement of a 
eartilaginons model by bone; the eharaeteristie 
mode of formation for skeletal elements other 
than the bones of the eraninm, the elavieles, and 
sesamoid bones. 


endoerine gland: A gland that seeretes hormones 
into the blood, 

endoerine system: The endoerine (dnetless) glands 
and organs of the body, 

endoeytosis: The movement of relatively large 
volnmes of extracellular material into the 
eytoplasm by the formation of a membranons 
vesiele at the eell snrfaee; inelndes pinoeytosis and 
phagoeytosis, 

endoderm: One of the three primary germ layers; 
the layer on the undersurface of the embryonie 
dise; gives rise to the epithelia and glands of the 
digestive system, the respiratory system, and 
portions of the nrinary system, 
endogenons: Prodneed within the body, 
endolymph: The fluid eontents of the membranons 
labyrinth (the saeenle, ntriele, semieirenlar ducts, 
and eoehlear duct) of the internal ear, 
endometrinm: The mucous membrane lining the 
uterus, 

endomysinm: A delieate network of eonneetive 

tissue fibers that surrounds individnal muscle eells, 
endonenrinm: A delieate network of eonneetive 
tissue fibers that surrounds individnal nerve fibers, 
endoplasmie retienlnm: A network of membranons 
ehannels in the eytoplasm of a eell that fnnetion 
in intraeellnlar transport, synthesis, storage, 
paekaging, and seeretion, 
endostenm: An ineomplete eellnlar lining on the 
inner (mednllary) snrfaees of bones, 
endothelinm: The simple squamous epithelial eells 
that line blood and lymphatie vessels, 
enteroendoerine eells: Endoerine eells seattered 
among the epithelial eells that line the digestive 
traet, 

enterogastrie reflex: The reflexive inhibition of 
gastrie seeretion; initiated by the arrival of ehyme 
in the small intestine, 

enterokinase: An enzyme in the lumen of the small 
intestine that aetivates the proenzymes seereted by 
the panereas, 

enzyme: A protein that eatalyzes a speeifie bioehemi- 
eal reaetion, 

eosinophil: A type of white blood eell with a lobed 
nucleus and red-staining grannles; partieipates in 
the immune response and is espeeially important 
during allergie reaetions, 

ependyma: The layer of eells lining the ventrieles and 
eentral eanal of the eentral nervons system, 
epieardinm: A serous membrane eovering the outer 
surface of the heart; also ealled viseeralpericardium. 
epidermis: The epithelium eovering the snrfaee of 
the skin, 

epididymis: A eoiled duct that eonneets the rete 
testis to the ductus deferens; site of fnnetional 
matnration of spermatozoa, 
epidnral spaee: The spaee between the spinal dura 
mater and the walls of the vertebral foramen; 
eontains blood vessels and adipose tissue; a eom- 
mon site of injeetion for regional anesthesia, 
epigeneties: Study of gene expression due to altera- 
tions in the reading of DNA sequences, 
epiglottis: A blade-shaped flap of tissue, reinforeed 
by eartilage, that is attaehed to the dorsal and 
snperior snrfaee of the thyroid eartilage; folds over 
the entranee to the larynx during swallowing, 
epimysinm: A dense layer of eollagen fibers that 
surrounds a skeletal muscle and is continuous with 
the tendons/aponeuroses of the muscle and with 
the perimysinm, 

epinenrinm: A dense layer of eollagen fibers that 
surrounds a peripheral nerve, 
epiphyseal eartilage: The eartilaginons region 
between the epiphysis and diaphysis of a growing 
bone, 

epiphysis: The head of a long bone. 


epithelinm: One of the four primary tissue types; 
a layer of eells that forms a superficial eovering 
or an internal lining of a body eavity or vessel, 
eponyehinm: A narrow zone of stratnm eornenm 
that extends aeross the snrfaee of a nail at its 
exposed base; also ealled the eatiele. 
equilibrium: A dynamie state in which two opposing 
forees or proeesses are in balanee, 
ereetion: The stiffening of the penis due to the 

engorgement of the ereetile tissnes of the eorpora 
eavernosa and corpus spongiosum, 
erythema: Redness and inflammation at the snrfaee 
of the skin, 

erythroeyte: A red blood eell; has no nucleus and 
eontains large quantities of hemoglobin, 
erythropoietin: A hormone released by most tissnes, 
and espeeially by the kidneys, when oxygen levels 
deerease; stimnlates erythropoiesis (red blood eell 
formation) in red bone marrow, 

Eseheriehia eoli: A normal baeterial resident of the 
large intestine, 

esophagns: A muscular tube that eonneets the 
pharynx to the stomaeh, 

essential amino aeids: Amino aeids that eannot be 
synthesized in the body in adequate amounts and 
must be obtained from the diet, 
essential fatty aeids: Fatty aeids that eannot be 
synthesized in the body and must be obtained 
from the diet, 

estrogens: A elass of steroid sex hormones that 
inelndes estradiol, 

evaporation: A movement of moleenles from the 
liquid state to the gaseous state, 
eversion: A turning outward, 
excitable membranes: Membranes that propagate 
aetion potentials, a eharaeteristie of muscle eells 
and nerve eells, 

excitatory postsynaptie potential (EPSP): The 

depolarization of a postsynaptie membrane by 
a ehemieal nenrotransmitter released by the 
presynaptie eell, 

excretion: The removal of wastes from the blood, 
tissnes, or organs, 

exocrine gland: A gland that seeretes onto the body 
snrfaee or into a passageway eonneeted to the 
exterior, 

exocytosis: The ejeetion of eytoplasmie materials 
by the fusion of a membranons vesiele with the 
plasma membrane, 

expiration: Exhalation; breathing out, 
extension: An inerease in the angle between two 
artienlating bones; the opposite of flexion, 
external aeonstie meatus: A passageway in the tem- 
poral bone that leads to the tympanie membrane 
of the internal ear, 

external ear: The anriele, external aeonstie meatus, 
and tympanie membrane, 

external nares: The nostrils; the external openings 
into the nasal eavity, 

external respiration: The diffnsion of gases between 
the alveolar air and the alveolar eapillaries and 
between the systemie eapillaries and peripheral 
tissnes, 

exteroceptors: General sensory reeeptors in the 
skin, mucous membranes, and speeial sense 
organs that provide information about the external 
environment and about our position within it, 
extracellular fiuid: All body fluids other than that 
eontained within eells; inelndes plasma and 
interstitial fluid, 

extraembryonic membranes: The yolk sae, amnion, 
ehorion, and allantois, 

extrinsic pathway: A elotting pathway that begins 
with damage to blood vessels or surrounding 
tissnes and ends with the formation of tissue 
faetor complex. 


G-6 






faeilitated: Brought eloser to threshold, as in the 
depolarization of a nerve plasma membrane 
toward threshold; making the eell more sensitive 
to depolarizing stimuli. 

faeilitated diffusion: The passive movement of a 
snbstanee aeross a plasma membrane by means of 
a protein earrier. 

faleiform ligament: A sheet of mesentery that 

eontains the ligamentnm teres, the fibrons remains 
of the nmbilieal vein of the fetus. 
falx: Siekle-shaped. 

falx eerebri: The curving sheet of dura mater that 
extends between the two eerebral hemispheres; 
eneloses the snperior sagittal sinus. 
faseiae: Gonneetive tissue fibers, primarily eollagen, 
that form sheets or bands beneath the skin to 
attaeh, stabilize, enelose, and separate mnseles and 
other internal organs. 

fasciculus: A small bundle; usually refers to a eollee- 
tion of nerve axons or muscle fibers. 
fatty aeids: Hydroearbon ehains that end in a 
carboxyl group. 

fauces: The passage from the mouth to the pharynx, 
bonnded by the palatal arehes, the soft palate, and 
the uvula. 

feees: Waste products eliminated by the digestive 
traet at the anus; eontains indigestible residne, 
baeteria, mucus, and epithelial eells. 
fenestra/fenestrae: Opening/openings. 
fertilization: The fusion of a seeondary ooeyte and a 
spermatozoon to form a zygote. 
fetus: The developmental stage lasting from the start 
of the third developmental month to delivery. 
fibrin: Insolnble protein fiber that forms the basie 
framework of a blood elot. 
fibrinogen: A plasma protein that is the solnble 
preenrsor of the insolnble protein fibrin. 
fibroblasts: Gells of eonneetive tissue proper that 
produce extracellular fibers and seerete the 
organie eomponnds of the extracellular matrix. 
fibrons eartilage: Gartilage eontaining an abnndanee 
of eollagen fibers; loeated around the edges of 
joints, in the intervertebral dises, and the menisei 
of the knee. 

fibrons layer: The ontermost layer of the eye, 
eomposed of the selera and eornea. 
fibula: The lateral, slender bone of the leg. 
filiform papillae: Slender eonieal projeetions from the 
dorsal snrfaee of the anterior two-thirds of the tongue. 
filtrate: The fluid produced by filtration at a glomern- 
lus in the kidney. 

filtration: The movement of a fluid aeross a mem- 
brane whose pores restriet the passage of solntes 
on the basis of size. 

filtration pressnre: The hydrostatie pressnre 
responsible for filtration. 

filum terminale: A fibrons extension of the spinal 
eord, from the conus medullaris to the eoeeygeal 
ligament. 

fimbriae: Fringes; the fingerlike proeesses that 
surround the entranee to the nterine tube. 
first-degree burn: Burn involving only the epidermis 
and eansing redness and swelling; type of partial- 
thiekness burn. 

fissnre: An elongated groove or opening. 
fiagellnm/fiagella: An organelle that is structurally 
similar to a cilium but is used to propel a eell 
through a fluid; found on spermatozoa. 
fiatus: Intestinal gas. 

flexion: A movement that rednees the angle between 
two artienlating bones; the opposite of extension. 
flexor: A muscle that produces flexion. 
flexor reflex: A reflex eontraetion of the flexor 

mnseles of a limb in response to a painfnl stimulus. 


flexure: Abending. 

folia: Leaflike folds; the slender folds in the snrfaee 
of the eerebellar cortex. 

foliate papillae: Taste buds loeated on the lateral 
margins of the posterior region of the tongue. 
folliele: A small seeretory sae or gland. 
follicle-stimulating hormone (FSH): A hormone 
seereted by the anterior lobe of the pitnitary gland 
(adenohypophysis); stimnlates oogenesis (female) 
and spermatogenesis (male). 
fontanelle: A relatively soft, flexible, fibrons region 
between two flat bones in the developing skull; 
also speììeáfontanel. 

foramen/foramina: Opening(s) or passage(s) 
throngh a bone. 

forearm: The distal portion of the upper limb 
between the elbow and wrist. 
forebrain: The eerebrnm. 

fornix: An areh or the spaee bonnded by an areh; in 
the brain, an arehing traet that eonneets the hip- 
poeampns with the mammillary bodies; in the eye, 
a slender poeket sitnated where the epithelinm of 
the ocular conjunctiva folds baek on itself as the 
palpebral eonjnnetiva; in the vagina, the shallow 
reeess surrounding the protrnsion of the cervix. 
fossa: A shallow depression or furrow in the snrfaee 
of a bone. 

fourth ventriele: An elongated ventriele of the 
meteneephalon (pons and eerebellnm) and the 
myeleneephalon (mednlla oblongata) of the brain; 
the roof eontains a region of ehoroid plexus. 
fovea: The portion of the retina that provides the 
sharpest vision beeanse it has the highest eoneen- 
tration of eones; also eslìeáfovea eentralis. 
fraetnre: A break or eraek in a bone. 
frenulum: A bridle; usually referring to a band 
of tissue that restriets movement (e.g., lingaal 
frenulum). 

frontal plane: A seetional plane that divides the 
body into an anterior portion and a posterior 
portion; also ealled eoronal plane. 
frnetose: A hexose (six-carbon simple sugar) in foods 
and in semen. 

fundus: The base of an organ such as the stomaeh, 
uterus, or gallbladder. 




gallbladder: The pear-shaped reservoir for bile after 
it is seereted by the liver. 
gametes: Reproductive eells (spermatozoa or 

ooeytes) that eontain half the normal ehromosome 
eomplement. 

gametogenesis: The formation of gametes. 
gamma aminobntyrie aeid (GABA): A nenrotrans- 
mitter of the eentral nervons system whose effeets 
are generally inhibitory. 

gamma motor nenrons: Motor nenrons that adjust 
the sensitivities of muscle spindles (intrafnsal 
fibers). 

ganglion/ganglia: A eolleetion of neuron eell bodies 
in the peripheral nervons system. 
gap jnnetions: Gonneetions between eells that 
permit eleetrieal eonpling. 
gaster: The stomaeh; the body, or belly, of a skeletal 
muscle. 

gastrie: Pertaining to the stomaeh. 
gastrie glands: The tubular glands of the stomaeh 
whose eells prodnee aeid, enzymes, intrinsie 
faetor, and hormones. 

gastrointestinal (GI) traet: See digestive traet. 
gene: A portion of a DNA strand that fnnetions as a 
hereditary unit, is loeated at a partienlar site on 
a speeifie ehromosome, and eodes for a speeifie 
protein or polypeptide. 


geneties: The study of meehanisms of heredity. 
genienlate: Like a little knee; the medial genienlate 
nuclei and lateral genienlate nuclei are in the 
thalamns of the brain. 
genitalia: The reprodnetive organs. 
germinal eenters: Pale regions in the interior of 
lymphoid tissnes or lymphoid nodnles, where 
eell divisions occur that produce additional 
lymphoeytes. 

gestation: The period of intranterine development; 
pregnaney. 

gland: Gells that prodnee exocrine or endoerine 
seeretions. 

glenoid eavity: A ronnded depression that forms 
the artienlar snrfaee of the seapnla at the shonlder 
joint. 

glial eells: See nenroglia. 

globnlar proteins: Proteins whose tertiary structure 
makes them rounded and eompaet. 
glomernlar eapsnle: The expanded initial portion of 
the nephron that surrounds the glomerulus. 
glomernlar filtration rate: The rate of filtrate 
formation at the glomerulus. 
glomerulus: A ball or knot; in the kidneys, a knot of 
eapillaries that projeets into the enlarged, proximal 
end of a nephron; the site of filtration, the first step 
in the prodnetion of urine. 
glossopharyngeal nerve: Granial nerve IX. 
glneagon: A hormone seereted by the alpha eells 
of the panereatie islets; inereases blood glneose 
eoneentrations. 

glneoeortieoids: Hormones seereted by the zona 
faseienlata of the adrenal cortex to modify glneose 
metabolism; eortisol and eortieosterone are 
important examples. 

glneoneogenesis: The synthesis of glneose from 
protein or lipid preenrsors. 
glneose: A six-carbon sugar, GgHi^Og; the preferred 
energy source for most eells and normally the only 
energy source for neurons. 
glyeerides: Lipids eomposed of glyeerol bound to 
fatty aeids. 

glyeogen: A polysaeeharide that is an important 
energy reserve; a polymer eonsisting of a long 
ehain of glneose moleenles. 

glyeogenesis: The synthesis of glyeogen from glneose 
moleenles. 

glyeogenolysis: Glyeogen breakdown and the libera- 
tion of glneose moleenles. 

glyeolipids: Compounds ereated by the eombination 
of earbohydrate and lipid eomponents. 
glyeolysis: The anaerobie eytosolie breakdown of 
glneose into two 3-earbon moleenles of pyrnvate, 
with a net gain of two ATP moleenles. 
glyeoprotein: A eomponnd eontaining a relatively 
small earbohydrate group attaehed to a large protein. 
glyeosnria: The presenee of glneose in urine; also 
ealled glucosuria. 

Golgi apparatns: A eellnlar organelle eonsisting of 
a series of membranons plates that give rise to 
lysosomes and seeretory vesieles. 
gomphosis: A fibrons synarthrosis that binds a tooth 
to the bone of the jaw. 

gonadotropin-releasing hormone (GnRH): 

A hypothalamie releasing hormone that causes 
the seeretion of both folliele-stimnlating hormone 
and Inteinizing hormone by the anterior lobe of 
the pitnitary gland (adenohypophysis). 
gonadotropins: Folliele-stimnlating hormone and 
Inteinizing hormone; hormones that stimnlate 
gamete development and sex hormone seeretion. 
gonads: Reprodnetive organs that prodnee gametes 
and sex hormones. 

grannloeytes: White blood eells eontaining grannles 
that are visible with the light mieroseope; inelndes 
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eosinophils, basophils, and nentrophils; also ealled 
grannlar leakoeytes. 

gray matter: Areas in the eentral nervons system 
that are dominated by nenron eell bodies, 
nenroglia, and nnmyelinated axons. 

gray ramus: A bnndle of postganglionie sympathetie 
nerve fibers that are distribnted to effeetors in the 
body wall, skin, and limbs by way of a spinal nerve. 

greater omentum: A large fold of the dorsal 

mesentery of the stomaeh; hangs anterior to the 
intestines. 

groín: The ingninal region. 

gross anatomy: The stndy of the strnetnral featnres 
of the body without the aid of a mieroseope. 

growth hormone (GH): An anterior lobe of 

the pituitary gland (adenohypophysis) hormone 
that stimnlates tissue growth and anabolism 
when nntrients are abnndant and restriets tissue 
glucose dependenee when nntrients are in short 
supply. 

growth hormone-inhibiting hormone (GH-IH): 

A hypothalamie regulatory hormone that inhibits 
growth hormone seeretion by the anterior lobe of 
the pitnitary gland. 

gnanine: A purine; one of the nitrogenons bases in 
the nneleie aeids RNA and DNA. 

gnstation: The sense of taste. 

gyrus: A prominent fold or ridge of neural cortex on 
the snrfaees of the eerebral hemispheres. 




hair: A keratinons strand prodneed by epithelial eells 
of the hair folliele. 

hair eells: Sensory eells of the internal ear. 
hair folliele: An aeeessory structure of the 

integument; a tube lined by a stratified squamous 
epithelium that begins at the snrfaee of the skin 
and ends at the hair papilla. 
hallux: The big toe; also ealled the great toe. 
haploid: Possessing half the normal number of 
ehromosomes; a eharaeteristie of gametes. 
hard palate: The bony roof of the oral eavity, formed 
by the maxillae and palatine bones. 
helper T eells: Lymphoeytes whose seeretions 
and other aetivities eoordinate eell-mediated 
and antibody-mediated immnnity; also ealled 
T ^ eells. 

hematoerit: The pereentage of formed elements in a 
sample of blood; also ealled volame ofpaeked red 
eells (VPRC) or paeked eell volame (PCV). 
hematoma: An abnormal eolleetion of elotted or 
partially elotted blood ontside a blood vessel. 
hematopoietie stem eells: Stem eells whose divi- 
sions prodnee eaeh of the varions popnlations of 
blood eells; also ealled hemoeytoblasts. 
hematuria: The abnormal presenee of red blood eells 
in urine. 

heme: A porphyrin ring eontaining a eentral iron 
atom that ean reversibly bind oxygen moleenles; 
a eomponent of the hemoglobin moleenle. 
hemoglobin: A protein eomposed of four globular 
subunits, eaeh bound to a heme moleenle; gives 
red blood eells the ability to transport oxygen in 
the blood. 

hemolysis: The breakdown of red blood eells. 
hemopoiesis: Blood eell formation and 
differentiation. 

hemorrhage: Blood loss; to bleed. 
hemostasis: The stoppage of bleeding. 
heparin: An antieoagnlant released by aetivated 
basophils and mast eells. 

hepatie duct: The duct that earries bile away from 
the liver lobes and toward the union with the 
eystie duct. 


hepatie portal vein: The vessel that earries blood 
between the intestinal eapillaries and the sinnsoids 
of the liver. 

hepatoeyte: A liver eell. 
heterozygons: Having two different alleles at 
eorresponding sites on a ehromosome pair. 
hiatus: A gap, eleft, or opening. 
high density lipoprotein (HDL): A lipoprotein with 
a relatively small lipid eontent; responsible for the 
movement of eholesterol from peripheral tissnes 
to the liver. 

hilum: A loealized region where blood vessels, 

lymphatie vessels, nerves, and/or other anatomieal 
structures are attaehed to an organ. 
hippocampus: A region, deep to the floor of a lateral 
ventriele, involved with emotional states and the 
eonversion of short-term to long-term memories. 
histamine: The ehemieal released by stimnlated 
mast eells or basophils to initiate or enhanee 
inflammation. 

histology: The study of tissues. 
histones: Proteins assoeiated with the DNA of the 
nucleus; the DNA strands are wound around 
them. 

holoerine: A form of exocrine seeretion in which the 
seeretory eell beeomes swollen with vesieles and 
then ruptures. 

homeostasis: The maintenanee of a relatively 
eonstant internal environment. 
homozygons: Having identieal alleles at eorrespond- 
ing sites on a ehromosome pair. 
hormone: A eomponnd that is seereted by one eell 
and travels throngh the bloodstream to affeet the 
aetivities of eells in another part of the body. 
human ehorionie gonadotropin (hCG): The 
plaeental hormone that maintains the corpus 
luteum for the first three months of pregnaney. 
human immnnodefieieney virus (HIV): The 

infeetions agent that causes acquired immunodefi- 
eieney syndrome (AIDS). 
human lenkoeyte antigen (HLA): See MHC 
protein. 

human plaeental laetogen (hPL): The plaeental 
hormone that stimnlates the fnnetional develop- 
ment of the mammary glands. 

hmnoral immnnity: See antibody-mediated 
immnnity. 

hyalnronan: A earbohydrate eomponent of 

proteoglyeans in the matrix of many eonneetive 
tissnes. 

hyalnronidase: An enzyme that breaks down the 
bonds between adjaeent folliele eells; prodneed 
by some baeteria and found in the aerosome of 
a spermatozoon. 

hydrogen bond: A weak interaetion between the 
hydrogen atom on one moleenle and a negatively 
eharged portion of another moleenle. 
hydrolysis: The breakage of a ehemieal bond throngh 
the addition of a water moleenle; the reverse of 
dehydration synthesis. 

hydrophilie: Freely assoeiating with water; readily 
entering into solntion; water-loving. 
hydrophobie: ineapable of freely assoeiating with 
water moleenles; insolnble; water-fearing. 
hydrostatie pressnre: Fluid pressure. 
hydroxide ion: OH A 

hypereapnia: High blood earbon dioxide eoneentra- 
tions, eommonly as a result of hypoventilation or 
inadequate tissue perfusion. 
hyperpolarization: The movement of the membrane 
potential away from the normal resting potential 
and farther from 0 mV. 

hyperseeretion: The overaetivity of glands that 
prodnee exocrine or endoerine seeretions. 
hypertension: Abnormally high blood pressnre. 


hypertonie: In eomparing two solntions, the solntion 
with the higher osmolarity. 
hypertrophy: An inerease in tissue size without eell 
division. 

hyperventilation: A rate of respiration snffieient to 
deerease blood Peo. to levels below normal. 
hypoeapnia: An abnormally low blood Peo^ eoneen- 
tration eommonly as a result of hyperventilation. 
hypodermie needle: A needle inserted throngh the 
skin to introdnee drugs into the subcutaneous 
layer. 

hypodermis: The layer of loose eonneetive tissue 
below the dermis; also ealled subcutaneous layer 
or saperfieial faseia. 

hypophyseal portal system: The network of 
vessels that earries blood from eapillaries in the 
hypothalamns to eapillaries in the anterior lobe of 
the pitnitary gland. 
hypophysis: The pitnitary gland. 
hyposeeretion: Abnormally low exocrine or 
endoerine seeretion. 

hypothalamns: The floor of the dieneephalon; the 
region of the brain eontaining eenters involved 
with the subconscious regulation of viseeral 
fnnetions, emotions, drives, and the eoordination 
of neural and endoerine fnnetions. 
hypotonie: In eomparing two solntions, the solntion 
with the lower osmolarity. 
hypoventilation: A respiratory rate that is insuf- 
fieient to keep blood Peo^ within normal levels. 
hypoxia: A low tissue oxygen eoneentration. 



ileum: The distal 2.5 m of the small intestine. 
ilium: The largest of the three bones whose fusion 
ereates a coxal bone. 

immunity: Resistanee to injnries and diseases caused 
by foreign snbstanees, toxins, or pathogens. 
immnnization: The prodnetion of immnnity by the 
deliberate exposure to antigens under eonditions 
that prevent the development of illness but 
stimulate the production of memory B eells. 
immunoglobulin (Ig): A eirenlating antibody. 
implantation: The attaehment of a blastoeyst into 
the endometrinm of the nterine wall. 
inelnsions: Aggregations of insolnble pigments, 
nntrients, or other materials in eytoplasm. 
incus: The eentral anditory ossiele, loeated 

between the mallens and the stapes in the middle 
ear eavity. 

inexcitable: ineapable of propagating an aetion 
potential. 

infaret: An area of dead eells that resnlts from an 
interrnption of blood flow. 
infeetion: The invasion and eolonization of body 
tissnes by pathogens. 

inferior: Below, in referenee to a partienlar structure, 
with the body in the anatomieal position. 
inferior vena eava: The vein that earries blood from 
the parts of the body inferior to the heart to the 
right atrium. 

infertility: The inability to eoneeive; also ealled 
sterility. 

inflammation: A nonspeeifie defense meehanism 
that operates at the tissue level; eharaeterized 
by swelling, redness, heat (warmth), pain, and 
sometimes loss of fnnetion. 
infundibulum: A tapering, funnel-shaped structure; 
in the brain, the eonneetion between the pitnitary 
gland and the hypothalamns; in the nterine tube, 
the entranee bonnded by fimbriae that reeeives the 
ooeyte at ovnlation. 

ingestion: The introdnetion of food into the digestive 
traet by way of the mouth; eating. 
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ínguínal eanal: A passage through the abdominal 
wall that marks the path of testicular deseent and 
that eontains the testicular arteries, veins, and 
ductus deferens. 

ínguínal region: The area of the abdominal wall 
near the junction of the trunk and the thighs that 
eontains the external genitalia; the groin. 
ínhìbìn: A hormone, produced by nurse (susten- 
tacular) eells of the testes and follicular eells of the 
ovaries, that inhibits the seeretion of folliele- 
stimulating hormone by the anterior lobe of the 
pituitary gland (adenohypophysis). 
inhibitory postsynaptie potential (IPSP): A 
hyperpolarization of the postsynaptie membrane 
after the arrival of a neurotransmitter. 
initial segment: The proximal portion of the axon 
where an aetion potential fìrst appears. 
injeetion: The foreing of fluid into a body part or 
organ. 

innate immnnity: Type of defense that is genetieally 
determined, present at birth, and is not related 
to previous exposure to a particular antigen; also 
ealled nonspeeifie immnnity. 
inner eell mass: Gells of the blastoeyst that will form 
the body of the embryo. 

innervation: The distribution of sensory and motor 
nerves to a speeifie region or organ. 
insensible perspiration: Evaporative water loss by 
diffusion aeross the epithelium of the skin or evapo- 
ration aeross the alveolar surfaces of the lungs. 
insertion: A point of attaehment of a muscle; the end 
that is easily movable. 

insolnble: ineapable of dissolving in solution. 
inspiration: Inhalation; the movement of air into the 
respiratory system. 

insnlin: A hormone seereted by beta eells of the 
panereatie islets; causes a deerease in blood 
glucose eoneentrations. 
integnment: The skin. 

interealated dises: Regions where adjaeent eardio- 
eytes interloek and where gap junctions permit 
eleetrieal coupling between the eells. 
intereellnlar fluid: See interstitial fluid. 
interferons: Peptides released by virus-infected eells, 
espeeially lymphoeytes, that slow viral repliea- 
tion and make other eells more resistant to viral 
infeetion. 

interlenkins: Peptides, released by aetivated 
monoeytes and lymphoeytes, that assist in the 
eoordination of eell-mediated and antibody- 
mediated immunities. 

internal eapsnle: The eolleetion of afferent and 
efferent fibers of the white matter of the eerebral 
hemispheres, visible on gross disseetion of the 
brain. 

internal ear: The membranous labyrinth that 
eontains the organs of hearing and equilibrium. 
internal nares: The entranee to the nasopharynx 
from the nasal eavity. 

internal respiration: The diffusion of gases between 
interstitial fluid and eytoplasm. 
internenron: An assoeiation neuron; eentral nervous 
system neurons that are between sensory and 
motor neurons. 

interoeeptors: Sensory reeeptors monitoring 
the functions and status of internal organs and 
systems. 

interosseons membrane: The fibrous eonneetive 
tissue membrane between the shafts of the tibia 
and fibula and between the radius and ulna; an 
example of a fibrous amphiarthrosis. 
interphase: The stage in the life eyele of a eell 

during which the ehromosomes are uncoiled and 
all normal cellular functions except mitosis are 
under way. 


intersegmental reflex: A reflex that involves several 
segments of the spinal eord. 
interstitial fluid: The fluid in the tissues that fills the 
spaees between eells. 

interstitial growth: Type of eartilage growth that 
occurs during development in which the eartilage 
expands from within as ehondroeytes divide and 
daughter eells seerete additional matrix. 
interventrienlar foramen: The opening that 

permits fluid movement between the lateral and 
third ventrieles of the brain. 
intervertebral dise: A fibroeartilage pad between 
the bodies of successive vertebrae that absorbs 
shoeks. 

intestinal erypt: A tubular epithelial poeket that 
is lined by seeretory eells and opens into the lumen 
of the digestive traet; also ealled intestinal gland. 
intestine: The tubular organ of the digestive traet. 
intraeellnlar fluid: The eytosol. 
intramembranous ossifìeation: The formation of 
bone within a eonneetive tissue without the prior 
development of a cartilaginous model. 
intrinsie faetor: A glyeoprotein, seereted by the 
parietal eells of the stomaeh, that faeilitates the 
intestinal absorption of vitamin 
intrinsie pathway: A pathway of the elotting system 
that begins with the aetivation of platelets and 
ends with the formation of faetor X aetivator 
complex. 

inversion: A turning inward. 
in vitro: Outside the body, in an artifieial 
environment. 

in vivo: In the living body. 
involnntary: Not under conscious eontrol. 
ion: An atom or molecule having a positive or 
negative eharge due to the loss or gain, respee- 
tively, of one or more eleetrons. 
ionie bond: A molecular bond ereated by the attrae- 
tion between ions with opposite eharges. 
ionization: Dissoeiation; the breakdown of a 
molecule in solution to form ions. 
ipsilateral: A reflex response that affeets the same 
side as the stimulus. 

iris: A eontraetile structure, made up of smooth 
muscle, that forms the eolored portion of the eye. 
isehemia: An inadequate blood supply to a region of 
the body. 

isehinm: One of the three bones whose fusion 
ereates a coxal bone. 

islets of Langerhans: See panereatie islets. 
isotonie: A solution with an osmolarity that does 
not result in water movement aeross plasma 
membranes. 

isotopes: Forms of an element whose atoms eontain 
the same number of protons but different numbers 
of neutrons (and thus differ in atomie mass). 
isthmns: A narrow band of tissue eonneeting two 
larger masses. 


J 


jejnnnm: The middle part of the small intestine. 
joint: An area where adjaeent bones interaet; also 
ealled artiealation. 

juxtaglomerular complex: Speeialized eells in 
between the walls of the distal convoluted tubule 
and afferent and efferent arterioles adjaeent to the 
glomerulus; a complex responsible for the release 
of renin and erythropoietin. 




keratin: The tough, fibrous protein eomponent of 
nails, hair, calluses, and the general integumentary 
surface. 


keto aeid: The earbon ehain that remains after the 
deamination or transamination of an amino aeid. 
ketoaeidosis: A eondition eharaeterized by a 

deerease in blood pH due to the presenee of large 
numbers of ketone bodies. 
ketone bodies: Keto aeids produced during 
the eatabolism of lipids and some amino 
aeids; speeifieally, aeetone, aeetoaeetate, and 
beta-hydroxybutyrate. 

kidney: A eomponent of the urinary system; an organ 
functioning in the regulation of blood eomposition, 
including the excretion of wastes and the mainte- 
nanee of normal fluid and eleetrolyte balanees. 
killer T eells: See cytotoxic T eells. 

Krebs eyele: See eitrie aeid eyele. 

Knpffer eells: Phagoeytie eells of the liver sinusoids. 


L 


labium/labia: Lip(s); the labia majora and labia 
minora are structures of the female external 
genitalia. 

labrum: A lip or rim. 

labyrinth: A maze of passageways; the structures of 
the internal ear. 

laerimal gland: A tear gland on the dorsolateral 
surface of the eye. 

laetase: An enzyme that breaks down the milk sugar 
laetose. 

laetate: An anion released by the dissoeiation 
of laetie aeid, produced from pyruvate under 
anaerobie eonditions. 

laetation: The production of milk by the mammary 
glands. 

laeteal: A terminal lymphatie within an intestinal 
villus. 

lacuna: A small pit or eavity. 
lambdoid suture: The synarthrosis between the 
parietal and oeeipital bones of the cranium. 
lamellae: Goneentrie layers; the eoneentrie layers of 
bone within an osteon. 

lamellated corpuscle: A reeeptor sensitive to 
vibration. 

lamina: A thin sheet or layer. 
lamina propria: The reticular tissue that underlies 
a mucous epithelium and forms part of a mucous 
membrane. 

Langerhans eells: Gells in the epithelium of the skin 
and digestive traet that partieipate in the immune 
response by presenting antigens to T eells; also 
ealled dendritie eells. 

large intestine: The terminal portion of the intesti- 
nal traet, eonsisting of the eolon, the rectum, and 
the anal eanal. 

laryngopharynx: The division of the pharynx that 
is inferior to the epiglottis and superior to the 
esophagus. 

larynx: A complex cartilaginous structure that 

surrounds and proteets the glottis and voeal eords; 
the superior margin is bound to the hyoid bone, 
and the inferior margin is bound to the traehea. 
latent period: The time between the stimulation 
of a muscle and the start of the eontraetion 
phase. 

lateral apertnres: Openings in the roof of the fourth 
ventriele that permit the circulation of eerebrospi- 
nal fluid into the subarachnoid spaee. 
lateral ventriele: A fluid-filled ehamber within a 
eerebral hemisphere. 
lateral: Pertaining to the side. 
lens: The transparent refraetive structure that is 
between the iris and the vitreous humor. 
lesser omentnm: A double-layered peritoneal fold 
formed by the mesentery that eonneets the lesser 
curvature of the stomaeh to the liver. 
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leukocyte: A white blood eell. 
lígament: A dense band of eonneetive tissne fibers 
that attaehes one bone to another. 
lígamentnm arteriosnm: The fibrons strand in 
adnlts that is the remnant of the ductus arteriosus 
of the fetal stage. 

ligamentnm nuchae: An elastie ligament between 
the vertebra prominens and the oeeipital bone. 
ligamentum teres: The fibrons strand in the 

faleiform ligament of adults that is the remnant of 
the nmbilieal vein; also ealled the ronnd ligament 
ofliver. 

ligate: To tie off. 

limbie system: The group of nuclei and eenters in 
the eerebrnm and dieneephalon that are involved 
with emotional states, memories, and behavioral 
drives. 

lingual: Pertaining to the tongue. 
lipid: An organie eomponnd eontaining earbon, 
hydrogen, and oxygen in a ratio that does not 
approximate 1:2:1; inelndes fats, oils, and waxes. 
lipogenesis: The synthesis of lipids from nonlipid 
preenrsors. 

lipolysis: The eatabolism of lipids as a source of 
energy. 

lipoprotein: A eomponnd eontaining a relatively 
small lipid bound to a protein. 
liver: An organ of the digestive system that has varied 
and vital fnnetions, inelnding the prodnetion of 
plasma proteins, the excretion of bile, the storage 
of energy reserves, the detoxification of poisons, 
and the intereonversion of nntrients. 
lobule: Histologieally, the basie organizational unit 
of the liver. 

loeal hormone: See prostaglandin. 
loop of Henle: See nephron loop. 
loose eonneetive tissue: A loosely organized, easily 
distorted eonneetive tissue that eontains several 
fiber types, a varied popnlation of eells, and a 
viseons ground snbstanee. 

low density lipoprotein (LDL): Form of lipoprotein 
that transports eholesterol in the blood to tissnes 
other than the liver. 
lumbar: Pertaining to the lower baek. 
lumen: The eentral spaee within a duct or other 
internal passageway. 

lungs: The paired organs of breathing loeated in the 
plenral eavities. 

Inteinizing hormone (LH): A hormone prodneed by 
the anterior lobe of the pitnitary gland (adeno- 
hypophysis). In females, it assists FSH in folliele 
stimnlation, triggers ovnlation, and promotes the 
maintenanee and seeretion of endometrial glands. 
In males, it stimnlates testosterone seeretion by 
the interstitial eells of the testes. 
lymph: The fluid eontents of lymphatie vessels, 
similar in eomposition to interstitial fluid. 
lymphatie vessels: The vessels of the lymphatie 
system; also ealled lymphaties. 
lymph nodes: Lymphoid organs that monitor the 
eomposition of lymph. 

lymphoeyte: A eell of the lymphatie system that 
plays a role in the immune response. 
lymphokines: Ghemieals seereted by aetivated 
lymphoeytes. 

lymphopoiesis: The prodnetion of lymphoeytes 
from lymphoid stem eells. 

lymphotoxin: A seeretion of lymphoeytes that kills 
the target eells. 

lysis: The destrnetion of a eell throngh the rupture of 
its plasma membrane. 

lysosome: An intraeellnlar vesiele eontaining diges- 
tive enzymes. 

lysozyme: An enzyme, present in some 
exocrine seeretions that has antibiotie 
properties. 




maerophage: A phagoeytie eell of the monoeyte- 
maerophage system. 

macula: A reeeptor complex, loeated in the saeenle 
or ntriele of the internal ear, that responds to 
linear aeeeleration or gravity. 
macula (of retina): An oval area in the retina whose 
eenter (the fovea) is the region of sharpest vision; 
also ealled maeala latea. 
major histoeompatibility complex: See MHC 
protein. 

malignant tumor: A form of eaneer eharaeterized 
by rapid eell growth and the spread of eaneer eells 
throughout the body. 

malleus: The first auditory ossiele, bound to the 
tympanie membrane and the incus. 
malnutrition: An nnhealthy state prodneed by inad- 
equate dietary intake or absorption of nntrients. 
mammary glands: Milk-producing glands of the 
female breasts. 

mammillary bodies: Nuclei in the hypothalamns 
that affeet eating reflexes and behaviors; a 
eomponent of the limbie system. 
manus: The hand; manual. 

marrow: A tissue that fills the internal eavities in bone; 
dominated by hemopoietie eells (red bone marrow) 
or by adipose tissue (yellow bone marrow). 
mast eell: A eonneetive tissue eell that, when stimu- 
lated, releases histamine, serotonin, and heparin, 
initiating the inflammatory response. 
mastíeatíon: Chewing. 

mastoid sínus: Air-filled spaees in the mastoid 
proeess of the temporal bone. 
matrix: The extracellular fibers and ground snbstanee 
of a eonneetive tissue. 

maxillary sinus: One of the paranasal sinnses; an 
air-filled ehamber lined by a respiratory epithe- 
lium that is loeated in a maxilla and opens into the 
nasal eavity. 

meatus: An opening or entranee into a passageway. 
meehanoreeeption: The deteetion of meehanieal 
stimnli, such as touch, pressure, or vibration. 
medial: Toward the midline of the body. 
mediastinnm: The eentral tissue mass that divides 
the thoraeie eavity into two plenral eavities. 
mednlla: The inner layer or eore of an organ. 
mednlla oblongata: The most caudal of the brain 
regions, also ealled the myeleneephalon. 
mednllary eavity: The spaee within a bone that 
eontains the marrow. 

mednllary rhythmieity eenter: The eenter in the 
mednlla oblongata that sets the baekgronnd paee 
of respiration; inelndes inspiratory and expiratory 
eenters. 

megakaryoeytes: Bone marrow eells responsible for 
the formation of platelets. 
meiosis: Cell division that prodnees gametes 
with half the normal somatie ehromosome 
number. 

melanin: The yellow-brown pigment prodneed by 
the melanoeytes of the skin. 
melanoeyte: A speeialized eell in the deeper layers 
of the stratified squamous epithelium of the skin; 
responsible for the prodnetion of melanin. 
melanoeyte-stimnlating hormone (MSH): A 
hormone, prodneed by the pars intermedia of 
the anterior lobe of the pitnitary gland (adenohy- 
pophysis) that stimnlates melanin prodnetion. 
melatonin: A hormone seereted by the pineal gland. 
membrane: Any sheet or partition; a layer eonsisting 
of an epithelinm and the nnderlying eonneetive 
tissue. 

membrane flow: The movement of seetions of 

membrane snrfaee to and from the eell snrfaee and 
eomponents of the endoplasmie reticulum, the 
Golgi apparatus, and vesieles. 


membrane potential: The potential differenee, 
measnred aeross a plasma membrane and 
expressed in millivolts, that resnlts from the 
uneven distribntion of positive and negative ions 
aeross the plasma membrane. 
membranons labyrinth: Endolymph-filled tubes 
that enelose the reeeptors of the internal ear. 
meninges: Three membranes that surround the 
snrfaees of the eentral nervons system; the dura 
mater, the pia mater, and the araehnoid. 
menisens: A fibroeartilage pad between opposing 
snrfaees in a joint. 

menses: The first part of the nterine eyele in which the 
endometrial lining slonghs away; menstrnal period. 
meroerine: A method of seeretion in which the eell 
ejeets materials from seeretory vesieles throngh 
exocytosis. 

meseneephalon: The midbrain; the region between 
the dieneephalon and pons. 
mesenehyme: Embryonie or fetal eonneetive tissue. 
mesentery: A double layer of serous membrane 
that snpports and stabilizes the position of an 
organ in the abdominopelvie eavity and provides a 
route for the assoeiated blood vessels, nerves, and 
lymphatie vessels. 

mesoderm: The middle germ layer, between the 
eetoderm and endoderm of the embryo. 
mesothelinm: A simple squamous epithelium that 
lines the body eavities enelosing the lungs, heart, 
and abdominal organs. 

messenger RNA (mRNA): RNA formed at transerip- 
tion to direet protein synthesis in the eytoplasm. 
metabolie tnrnover: The continuous breakdown 
and replaeement of organie materials within eells. 
metabolism: The sum of all bioehemieal proeesses 
under way within the human body at any moment; 
inelndes anabolism and eatabolism. 
metabolites: Compounds prodneed in the body as a 
result of metabolie reaetions. 
metaearpal bones: The five bones of the palm of the 
hand. 

metaphase: The stage of mitosis in which the 

ehromosomes line up along the equatorial plane 
of the eell. 

metaphysis: The region of a long bone between 
the epiphysis and diaphysis, eorresponding to 
the loeation of the epiphyseal eartilage of the 
developing bone. 

metarteriole: A vessel that eonneets an arteriole to a 
venule and that provides blood to a eapillary plexus. 
metastasis: The spread of eaneer eells from one 
organ to another, leading to the establishment of 
seeondary tumors. 

metatarsal bone: One of the five bones of the foot 
that artienlate with the tarsal bones (proximally) 
and the phalanges (distally). 
meteneephalon: The pons and eerebellnm of the 
brain. 

MHC protein: A snrfaee antigen that is important to 
the reeognition of foreign antigens and that plays 
a role in the eoordination and aetivation of the 
immune response; also ealled major histoeompat- 
ibility complex (MHC) protein or haman leakoeyte 
antigen (HLA). 

mieelle: A droplet with hydrophilie portions on 
the ontside; a spherieal aggregation of bile salts, 
monoglyeerides, and fatty aeids in the lumen of 
the intestinal traet. 

mierofìlaments: Eine protein filaments visible with 
the eleetron mieroseope; eomponents of the 
eytoskeleton. 

mieroglia: Phagoeytie nenroglia in the eentral 
nervons system. 

mierotnbnles: Mieroseopie tubules that are part 
of the eytoskeleton and are a eomponent in eilia, 
flagella, the eentrioles, and spindle fibers. 
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mierovilli: Small, fingerlike extensions of the 
exposed plasma membrane of an epithelial eell, 
micturition: IJrination. 
midbrain: The meseneephalon, 
middle ear: The spaee between the external and 
internal ears that eontains anditory ossieles. 
midsagittal plane: A plane passing throngh the 
midline of the body that divides it into left and 
right halves. 

mineraloeortieoids: Gortieosteroids prodneed by the 
zona glomernlosa of the adrenal cortex; steroids 
such as aldosterone that affeet mineral metabolism. 
mitoehondrion: An intracellular organelle respon- 
sible for generating most of the ATP required for 
cellular operations. 

mitosis: The division of a single eell nucleus that 
produces two identieal danghter eell nuclei; an 
essential step in eell division. 
mitral valve: See bicuspid valve. 
mixed gland: A gland that eontains exocrine 
and endoerine eells, or an exocrine gland that 
prodnees serous and mucous seeretions. 
mixed nerve: A peripheral nerve that eontains 
sensory and motor fibers. 

mole: A quantity of an element or eomponnd having 
a mass in grams equal to the element’s atomie 
weight or to the eomponnd’s moleenlar weight. 
moleenlar weight: The sum of the atomie weights of 
all the atoms in a moleenle or eomponnd. 
moleenle: A ehemieal structure eontaining two or 
more atoms that are held together by eovalent 
ehemieal bonds. 

monoeytes: Phagoeytie agrannloeytes (white blood 
eells) in the eirenlating blood. 
monoglyeeride: A lipid eonsisting of a single fatty 
aeid bound to a moleenle of glyeerol. 
monosaeeharide: A simple sugar, such as glucose 
or ribose. 

monosynaptie reflex: A reflex in which the sensory 
afferent neuron synapses direetly on the motor 
efferent neuron, 

motor unit: All of the muscle eells eontrolled by a 
single motor neuron, 

mucins: Proteoglyeans responsible for the inbrieating 
properties of mucus. 

mucosa: A mucous membrane; the epithelinm plus 
the lamina propria. 

mucosa-associated lymphoid tissue (MALT): The 

extensive eolleetion of lymphoid tissnes linked 
with the epithelia of the digestive, respiratory, 
nrinary, and reprodnetive traets. 
mucous (adjeetive): indieating the presenee or 
prodnetion of mucus. 

mucous eell: A goblet-shaped, mucus-producing, 
unicellular gland in eertain epithelia of the diges- 
tive and respiratory traets; also ealled goblet eells. 
mucus (noun): A inbrieating fluid that is eomposed of 
water and mucins and is prodneed by unicellular 
and multicellular glands along the digestive, 
respiratory, nrinary, and reprodnetive traets. 
multipolar neuron: A neuron with many dendrites and 
a single axon; the typieal form of a motor neuron. 
multi-unit smooth muscle: A smooth muscle tissue 
whose muscle eells are innervated in motor units. 
muscarinic reeeptors: Membrane reeeptors 
sensitive to aeetyleholine and to mnsearine, a 
toxin prodneed by eertain mnshrooms; loeated at 
all parasympathetie neuromuscular and neu- 
roglandular junctions and at a few sympathetie 
neuromuscular and neuroglandular junctions. 
muscle: A eontraetile organ eomposed of muscle 
tissue, blood vessels, nerves, eonneetive tissnes, 
and lymphatie vessels. 

muscle tissue: A tissue eharaeterized by the 

presenee of eells eapable of eontraetion; inelndes 
skeletal, eardiae, and smooth muscle tissues. 


muscularis externa: Goneentrie layers of smooth 
muscle responsible for peristalsis. 
muscularis mucosae: The layer of smooth muscle 
beneath the lamina propria; responsible for 
moving the mneosal snrfaee. 
mutagens: Ghemieal agents that induce mutations 
and may be eareinogenie. 

mntation: A ehange in the nneleotide sequence of 
the DNA in a eell. 

myeleneephalon: See mednlla oblongata. 
myelin: An insnlating sheath around an axon; 

eonsists of mnltiple layers of nenroglial membrane; 
signifieantly inereases the impnlse propagation 
rate along the axon. 

myelination: The formation of myelin, 
myenterie plexus: Parasympathetie motor nenrons 
and sympathetie postganglionie fibers loeated 
between the eirenlar and longitndinal layers of the 
muscularis externa. 

myoeardial infaretion: A heart attaek; damage to 
the heart muscle due to an interrnption of regional 
eoronary eirenlation. 

myoeardinm: The eardiae muscle tissue of the heart. 
myofibril: Organized eolleetions of myofilaments in 
skeletal and eardiae muscle eells. 
myofilaments: Fine protein filaments eomposed 
primarily of the proteins aetin (thin filaments) and 
myosin (thiek filaments). 
myoglobin: An oxygen-binding pigment that is 
espeeially eommon in slow skeletal muscle fibers 
and eardiae muscle eells. 

myogram: A reeording of the tension prodneed by 
muscle fibers when stimnlated. 
myometrinm: The thiek layer of smooth muscle in 
the wall of the uterus. 

myosin: The protein eomponent of thiek filaments. 




nail: A keratinons structure produced by epithelial 
eells of the nail root. 

nares, external: The entranee from the exterior to 
the nasal eavity. 

nares, internal: The entranee from the nasal eavity 
to the nasopharynx. 

nasal eavity: A ehamber in the skull that is bounded 
by the internal and external nares. 
nasolaerimal duct: The passageway that transports 
tears from the nasolaerimal sae to the nasal eavity. 
nasolaerimal sae: A ehamber that reeeives tears 
from the laerimal ducts. 
nasopharynx: A region that is posterior to the 
internal nares and snperior to the soft palate and 
ends at the oropharynx. 

natrinretie peptides (NP): Hormones released 
by speeialized eardioeytes when they are 
stretehed by an abnormally large venous return; 
promote fluid loss and rednetions in blood 
pressnre and in venous return. inelnde atrial 
natrinretie peptide (ANP) and brain natrinretie 
peptide (BNP). 

neerosis: The death of eells or tissnes from disease 
or inj ury. 

negative feedbaek: A eorreetive meehanism 

that opposes or negates a variation from normal 
limits. 

neonate: A newborn infant, or baby. 
neoplasm: A tumor, or mass of abnormal tissue. 
nephron: The basie functional unit of the kidney. 
nephron loop: The portion of the nephron that 
ereates the eoneentration gradient in the renal 
mednlla; also ealled loop ofHenle. 
nerve impnlse: An aetion potential in a neuron 
plasma membrane. 

neural cortex: An area of gray matter at the snrfaee 
of the eentral nervons system. 


neurilemma: The outer surface of a Schwann eell 
that eneireles an axon in the peripheral nervons 
system (PNS). 

neurofibrils: Mierofibrils in the eytoplasm of a neuron. 
neurofilaments: Mierofilaments in the eytoplasm of 
a neuron, 

neuroglandular junction: A eell jnnetion at which 
a neuron eontrols or regnlates the aetivity of a 
seeretory (gland) eell. 

nenroglia: Gells of the eentral nervons system and 
peripheral nervons system that snpport and 
proteet nenrons; also called^//< 2 / eells. 
nenrohypophysis: The posterior lobe of the pitnitary 
gland; eontains the axons of hypothalamie 
nenrons, and these axons release OXT and ADH. 
neuromuscular junction: A synapse between a 
neuron and a muscle eell. 
neuron: A eell in neural tissue that is speeialized 
for intercellular communication throngh (1) 
ehanges in membrane potential and (2) synaptie 
eonneetions. 

nenrotransmitter: A ehemieal eomponnd released 
by one neuron to affeet the membrane potential 
of another. 

neurotubules: Microtubules in the eytoplasm of a 
neuron, 

neutron: A fnndamental partiele that does not earry 
a positive or a negative eharge. 
nentrophil: A white blood eell that is very numerous 
and normally the first of the mobile phagoeytie 
eells to arrive at an area of injury or infeetion. 
nieotinie reeeptors: Aeetyleholine reeeptors on 
the snrfaees of sympathetie and parasympathetie 
ganglion eells; respond to the eomponnd nieotine. 
nipple: An elevated epithelial projeetion on the 
snrfaee of the breast; eontains the openings of the 
laetiferons sinnses. 

Nissl bodies: The ribosomes, Golgi apparatns, rough 
endoplasmie reticulum, and mitoehondria of the 
perikaryon of a typieal neuron. 
nitrogenons wastes: Organie waste prodnets of 
metabolism that eontain nitrogen, such as urea, 
uric aeid, and ereatinine. 
noeieeption: Pain pereeption. 

node: A gap in the myelin sheath of an axon between 
adjaeent Schwann eells or oligodendroeytes; also 
ealled node ofRanvier. 

nodose ganglion: A sensory ganglion of eranial 
nerve X; also ealled inferior ganglion. 
noradrenaline: See norepinephrine. 
norepinephrine (NE): A eateeholamine neu- 
rotransmitter in the peripheral nervons system 
and eentral nervons system, released at most 
sympathetie neuromuscular and neuroglandular 
junctions, and a hormone seereted by the adrenal 
mednlla; also ealled noradrenaline. 
nneleie aeid: A polymer of nneleotides that eontains 
a pentose sugar, a phosphate group, and one of four 
nitrogenous bases that regulate the synthesis of 
proteins and make up the genetie material in eells. 
nucleolus: The dense region in the nucleus that is the 
site of ribosomal RNA synthesis. 
nucleoplasni: The fluid eontent of the nucleus. 
nneleoproteins: Proteins of the nucleus that are 
generally assoeiated with DNA. 
nneleotide: A eomponnd eonsisting of a nitrogenons 
base, a simple sugar, and a phosphate group. 
nucleus: A cellular organelle that eontains DNA, 
RNA, and proteins; in the eentral nervons system, 
a mass of gray matter. 

nucleus pulposus: The gelatinons eentral region of 
an intervertebral dise. 

nurse eells: Snpporting eells of the seminiferons 
tubules of the testis; responsible for the dif- 
ferentiation of spermatids, the maintenanee of 
the blood-testis barrier, and the seeretion of 
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inhibin, and androgen-binding protein; also ealled 
sustentacular eells. 

nutrient: An inorganie or organie snbstanee 

that ean be used by the body as a eofaetor or to 
produce energy. 


O 


oeelnsal snrfaee: The opposing snrfaees of the teeth 
that eome into eontaet when chewing food. 
oenlar: Pertaining to the eye. 

oculoniotor nerve: Cranial nerve III, which eontrols 
the extra-ocular muscles other than the snperior 
oblique and the lateral rectus muscles. 
oleeranon: The proximal end of the ulna that forms 
the prominent point of the elbow. 
olfaetion: The sense of smell. 
olfaetory bulb: The expanded ends of the olfaetory 
traets; the sites where the axons of the fìrst eranial 
nerves (I) synapse on eentral nervons system 
internenrons that lie inferior to the frontal lobes of 
the eerebrnm. 

oligodendroeytes: Gentral nervons system nenroglia 
that maintain eellnlar organization within gray matter 
and provide a myelin sheath in areas of white matter. 
ooeyte: A eell whose meiotie divisions will prodnee a 
single ovum and three polar bodies. 
oogenesis: Formation and development of an ooeyte. 
opsonization: An effeet of eoating an objeet with 
antibodies; the attraetion and enhaneement of 
phagoeytosis. 

optie ehiasm: The erossing point of the optie nerves. 
optie nerve: The seeond eranial nerve (II), which 
earries signals from the retina of the eye to the 
optie ehiasm. 

optie traet: The traet over which nerve impnlses 
from the retina are transmitted between the optie 
ehiasm and the thalamns. 

orbit: The bony reeess of the skull that eontains the 
eyeball. 

organelle: An intraeellnlar structure with a speeifìe 
function or group of functions. 
organie eomponnd: A eomponnd eontaining 
earbon, hydrogen, and in most eases oxygen. 
organogenesis: The formation of organs during 
embryonie and fetal development. 
organs: Gombinations of tissnes that perform 
complex fnnetions. 

origin: In a skeletal muscle, the point of attaehment 
that does not ehange position when the muscle 
eontraets; usually defìned in terms of movements 
from the anatomieal position. 
oropharynx: The middle portion of the pharynx, 
bonnded snperiorly by the nasopharynx, 
anteriorly by the oral eavity, and inferiorly by the 
laryngopharynx. 

osmolarity: The total eoneentration of dissolved materi- 
als in a solntion, regardless of their speeifìe identities, 
expressed in moles; also ealled osmotie eoneentration. 
osmoreeeptor: A reeeptor sensitive to ehanges in the 
osmolarity of plasma. 

osmosis: The movement of water aeross a selee- 
tively permeable membrane from one solntion 
to another solntion that eontains a higher solute 
eoneentration. 

osmotie pressure: The foree of osmotie water move- 
ment; the pressnre that must be applied to prevent 
osmosis aeross a membrane. 
osseous tissue: A strong eonneetive tissue eontain- 
ing speeialized eells and a mineralized matrix 
of erystalline ealeinm phosphate and ealeinm 
earbonate; also ealled bone. 
ossieles: Smallbones. 

ossifieation: The formation of bone; osteogenesis. 
osteoblast: A eell that prodnees the fìbers and matrix 
of bone. 


osteoelast: A eell that dissolves the fibers and matrix 
of bone. 

osteoeyte: A bone eell responsible for the mainte- 
nanee and tnrnover of the mineral eontent of the 
surrounding bone. 

osteogenie layer: The inner, eellnlar layer of the 
periostenm that aids in bone growth and repair. 

osteolysis: The breakdown of the mineral matrix of 
bone. 

osteon: The basie histologieal unit of eompaet bone, 
eonsisting of osteoeytes organized around a 
eentral eanal and separated by eoneentrie lamellae. 

otie: Pertaining to the ear. 

otoliths: Calcium earbonate erystals embedded in a 
gelatinons matrix; loeated on eaeh macula of the 
vestibule. 

oval window: An opening in the bony labyrinth 
where the stapes attaehes to the membranons wall 
of the seala vestibnli (vestibnlar duct). 

ovarian eyele: The monthly ehain of events that 
leads to ovnlation. 

ovary: The female reprodnetive organ that prodnees 
ooeytes (gametes). 

ovnlation: The release of a seeondary ooeyte, 

surrounded by eells of the eorona radiata, after the 
rupture of the wall of a tertiary folliele; in females, 
the periodie release of an ooeyte from an ovary. 

ovnm/ova: The fnnetional prodnet of meiosis II, 
prodneed after the fertilization of a seeondary 
ooeyte. 

oxytocin (OXT): A hormone prodneed by 

hypothalamie eells and seereted into eapillaries at 
the posterior lobe of the pitnitary gland (nenrohy- 
pophysis); stimnlates smooth muscle eontraetions 
of the uterus or mammary glands in females and 
the prostate gland in males. 




paeemaker eells: Cells of the sinoatrial node that set 
the paee of eardiae eontraetion. 
palate: The horizontal partition separating the oral 
eavity from the nasal eavity and nasopharynx; 
divided into an anterior bony (hard) palate and a 
posterior fleshy (soft) palate. 
palatíne: Pertaining to the palate. 
palpate: To examine by touch. 
palpebrae: Eyelids. 

panereas: A digestive organ eontaining exocrine 
and endoerine tissnes; the exocrine portion 
seeretes panereatie juice, and the endoerine 
portion seeretes hormones, inelnding insnlin 
and glneagon. 

panereatie duct: A tubular duct that earries panere- 
atie juice from the panereas to the duodenum. 
panereatie islets: Aggregations of endoerine eells in 
the panereas; also ealled islets of Langerhans. 
panereatie juice: A mixture of buffers and digestive 
enzymes that is diseharged into the duodenum 
under the stimnlation of the enzymes seeretin and 
eholeeystokinin. 

papilla: A small, eonieal projeetion. 
paralysis: The loss of volnntary motor eontrol over a 
portion of the body. 

paranasal sinnses: Bony ehambers, lined by respira- 
tory epithelinm, that open into the nasal eavity; 
the frontal, ethmoidal, sphenoidal, and maxillary 
sinnses. 

parasagittal: A seetion or plane that parallels the 
midsagittal plane but that does not pass along the 
midline. 

parasympathetie division: One of the two divisions 
of the antonomie nervons system; generally 
responsible for aetivities that eonserve energy and 
lower the metabolie rate; also ealled eraniosaeral 
division. 


parathyroid glands: Four small glands embedded in 
the posterior snrfaee of the thyroid gland; seerete 
parathyroid hormone. 

parathyroid hormone (PTH): A hormone seereted 
by the parathyroid glands when blood ealeinm 
levels deerease below the normal range; causes 
inereased osteoelast aetivity, inereased intestinal 
ealeinm uptake, and deereased ealeinm ion loss at 
the kidneys. 

parenehyma: The eells of a tissue or organ that 
are responsible for fnlfilling its fnnetional role; 
distingnished from the stroma of that tissue or 
organ. 

parietal: Relating to the parietal bone; referring to 
the wall of a eavity. 

parietal eells: Cells of the gastrie glands that seerete 
hydroehlorie aeid and intrinsie faetor. 

Parkinson’s disease: A nenrologieal disorder 

resnlting from dopamine defieieney eharaeterized 
by rhythmie muscular tremors, rigidity, and a 
mask-like appearanee. 

parotid salivary glands: Large salivary glands that 
seerete a saliva eontaining high eoneentrations of 
salivary (alpha) amylase. 

patella: The sesamoid bone of the knee; also ealled 
the kneeeap. 

pathogen: A disease-eansing organism. 
pathogenie: Disease-eansing. 
pathologist: A physieian speeializing in the identi- 
fieation of diseases on the basis of eharaeteristie 
structural and fnnetional ehanges in tissnes and 
organs. 

pelvie eavity: The inferior snbdivision of the ab- 
dominopelvie eavity; eneloses the nrinary bladder, 
the sigmoid eolon and rectum, and male or female 
reprodnetive organs. 

pelvis: A bony complex ereated by the artienlations 
among the coxal bones, the saernm, and the 
coccyx. 

penis: A eomponent of the male external genitalia; 
a eopnlatory organ that surrounds the nrethra 
and introdnees semen into the female vagina; the 
developmental equivalent of the female elitoris. 
peptide: A ehain of amino aeids linked by peptide 
bonds. 

peptide bond: A eovalent bond between the amino 
group of one amino aeid and the carboxyl group 
of another. 

perieardial eavity: The spaee between the parietal 
perieardinm and the epieardinm (viseeral periear- 
dium) that eovers the outer surface of the heart. 
perieardinm: The fibrous sae that surrounds the 
heart; its inner, serous lining is continuous with 
the epicardium. 

periehondrinm: The layer that surrounds a eartilage, 
eonsisting of an outer fibrous region and an inner 
eellnlar region. 

perikaryon: The eytoplasm that surrounds the 
nucleus in the eell body of a neuron. 
perilymph: A fluid similar in eomposition to 

eerebrospinal fluid; loeated in the spaees between 
the bony labyrinth and the membranons labyrinth 
of the internal ear. 

perimysinm: A eonneetive tissue partition that 
separates adjaeent faseienli in a skeletal muscle. 
perinenm: The pelvie floor and its assoeiated 
structures. 

perinenrinm: A eonneetive tissue partition that 
separates adjaeent bnndles of nerve fibers in a 
peripheral nerve. 

periodontal ligament: Collagen fibers that bind 
the eementnm of a tooth to the periostenm of the 
surrounding alveolns. 

periostenm: The layer that surrounds a bone, 
eonsisting of an outer fibrous region and inner 
eellnlar region. 
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peripheral nervous system (PNS): All neural tissue 
outside the eentral nervons system, 
peripheral resistanee: The resistanee to blood flow; 

primarily caused by frietion with the vessel walls. 
peristalsis: A wave of smooth muscle eontraetions 
that propels materials along the lumen of a tube 
such as the digestive traet, the ureters, or the 
ductus deferens. 

peritonenm: The serous membrane that lines the 
peritoneal eavity. 

peritubular eapillaries: A network of eapillaries 
that surrounds the proximal and distal eonvolnted 
tubules of the kidneys, 

permeability: The ease with which dissolved 

materials ean eross a membrane; if the membrane 
is freely permeable, any moleenle ean eross it; if 
impermeable, nothing ean eross; most biologieal 
membranes are seleetively permeable. 
peroxisome: A membranons vesiele eontaining 
enzymes that break down hydrogen peroxide 
(H2O2). 

pes: The foot. 

petrosal ganglion: A sensory ganglion of the glos- 
sopharyngeal nerve (NIX). 
petrons: Stony; usually refers to the thiekened 
portion of the temporal bone that eneloses the 
internal ear, 

pH: The negative exponent (negative logarithm) of 
the hydrogen ion eoneentration, expressed in 
moles per liter, 

phagoeyte: A eell that performs phagoeytosis. 
phagoeytosis: The engnlfing of extracellular materi- 
als or pathogens; the movement of extracellular 
materials into the eytoplasm by enelosnre in a 
membranons vesiele. 

phalanx/phalanges: Bone(s) of the finger(s) or 
toe(s). 

pharmaeology: The study of drugs, their physiologi- 
eal effeets, and their elinieal uses. 
pharynx: The throat; a muscular passageway shared 
by the digestive and respiratory traets. 
phenotype: Physieal eharaeteristies that are geneti- 
eally determined. 

phosphate group: PO/“; a fnnetional group that 
ean be attaehed to an organie moleenle; required 
for the formation of high-energy bonds, 
phospholipid: An important membrane lipid whose 
structure includes both hydrophilie and hydropho- 
bie regions. 

phosphorylation: The addition of a high-energy 
phosphate group to a molecule. 
photoreeeption: Sensitivity to light. 
physiology: The study of function; deals with the 
ways organisms perform vital aetivities. 
pia mater: The innermost layer of the meninges 
bound to the nnderlying neural tissue. 
pineal gland: Neural tissue in the posterior portion 
of the roof of the dieneephalon; seeretes melatonin. 
pinna: See anriele. 

pinoeytosis: The introdnetion of fluids into the 
eytoplasm by enelosing them in membranons 
vesieles at the eell snrfaee. 

pitnitary gland: An endoerine organ that is loeated 
in the sella tnreiea of the sphenoid and is eon- 
neeted to the hypothalamns by the infundibulum; 
includes the posterior lobe (neurohypophysis) and 
the anterior lobe (adenohypophysis); also ealled 
the hypophysis. 

plaeenta: A temporary structure in the nterine 
wall that permits diffnsion between the fetal and 
maternal eirenlatory systems. 
plantar: Referring to the sole of the foot. 
plantar flexion: Ankle extension; toe pointing. 
plasma: The fluid ground snbstanee of whole blood; 
what remains after the eells have been removed 
from a sample of whole blood. 


plasma eell: An aetivated B eell that seeretes 
antibodies. 

plasma membrane: A eell membrane; 
plasmalemma. 

platelets: Small paekets of eytoplasm that eontain 
enzymes important in the elotting response; 
manufactured in bone marrow by megakaryoeytes. 
plenra: The serous membrane that lines the plenral 
eavities. 

plenral eavities: Body eavities of the thoraeie region 
that surround the lungs. 
plexus: A network or braid. 

polar body: A nonfnnetional paeket of eytoplasm 
that eontains ehromosomes eliminated from an 
ooeyte during meiosis. 

polar bond: A eovalent bond in which eleetrons are 
shared unequally. 

polarized: Referring to eells that have regional dif- 
ferenees in organelle distribntion or eytoplasmie 
eomposition along a speeifie axis, such as between 
the basement membrane and free snrfaee of an 
epithelial eell. 
pollex: The thumb. 

polypeptide: A ehain of amino aeids strung together 
by peptide bonds; those eontaining more than 
100 peptides are ealled proteins. 
polysaeeharide: A complex sugar, such as glyeogen 
or a stareh. 

polysynaptie reflex: A reflex in which internenrons 
are interposed between the sensory fìber and the 
motor neuron(s). 

polyunsaturated fats: Fatty aeids eontaining earbon 
atoms that are linked by double bonds. 
pons: The portion of the meteneephalon that is 
anterior to the eerebellnm. 
popliteal: Pertaining to the baek of the knee. 
positive feedbaek: A meehanism that inereases 
a deviation from normal limits after an initial 
stimulus. 

posteentral gyrus: The primary sensory cortex, 
where touch, vibration, pain, temperatnre, and 
taste sensations arrive and are eonseionsly 
pereeived. 

posterior: Toward the baek; dorsal. 
postganglionie neuron: An antonomie neuron in 
a peripheral ganglion, whose aetivities eontrol 
peripheral effeetors. 

postsynaptie membrane: The portion of the plasma 
membrane of a postsynaptie eell that is part of a 
synapse. 

potential differenee: The separation of opposite 
eharges; requires a barrier that prevents ion 
migration. 

preeentral gyrus: The primary motor cortex of 
a eerebral hemisphere, loeated anterior to the 
eentral sulcus. 

prefrontal cortex: The anterior portion of eaeh 
eerebral hemisphere; thonght to be involved with 
higher intelleetnal fnnetions, predietions, and 
ealenlations. 

preganglionie neuron: A viseeral motor neuron in 
the eentral nervons system whose output eontrols 
one or more ganglionie motor nenrons in the 
peripheral nervons system. 
premotor cortex: The motor assoeiation area 
between the preeentral gyrus and the 
prefrontal area. 

preoptie nucleus: The hypothalamie nucleus that 
eoordinates thermoregnlatory aetivities. 
presynaptie membrane: The synaptie snrfaee where 
nenrotransmitter release occurs. 
prevertebral ganglion: See eollateral ganglion. 
prime mover: A muscle that performs a speeifie 
aetion, 

proenzyme: An inaetive enzyme seereted by an 
epithelial eell. 


progesterone: The most important hormone 
seereted by the corpus luteum after ovulation. 
prognosis: A predietion about the possible course or 
outcome from a speeifie disease. 
projeetion fibers: Axons earrying information from 
the thalamns to the eerebral cortex, 
prolaetin (PRL): The hormone that stimnlates 
fnnetional development of the mammary glands 
in females; a seeretion of the anterior lobe of the 
pitnitary gland (adenohypophysis). 
pronation: The rotation of the forearm that makes 
the palm faee posteriorly. 

prone: Lying faee down with the palms faeing the 
floor. 

pronucleus: An enlarged ovum or spermatozoon 
nucleus that forms after fertilization but before 
amphimixis, 

prophase: The initial phase of mitosis; eharaeter- 
ized by the appearanee of ehromosomes, the 
breakdown of the nnelear membrane, and the 
formation of the spindle apparatns. 
proprioeeption: The awareness of the positions of 
bones, joints, and mnseles. 

prostaglandin: A fatty aeid seereted by one eell that 
alters the metabolie aetivities or sensitivities of 
adjaeent eells; also ealled loeal hormone. 
prostate gland: An aeeessory gland of the male 

reprodnetive traet, eontribnting about one-third of 
the volume of semen. 

prosthesis: An artifieial substitute for a body part. 

protease: See proteinase. 

protein: A large polypeptide with a complex structure. 
proteinase: An enzyme that breaks down proteins 
into peptides and amino aeids. 
proteoglyean: A snbstanee eontaining a large 
polysaeeharide complex attaehed to a relatively 
small protein; examples inelnde hyalnronan and 
ehondroitin snlfate. 

proton: A fnndamental partiele having a positive 
eharge. 

protraetion: Movement anteriorly in the horizontal 
plane. 

proxinial: Toward the attaehed base of an organ or 
structure. 

proxinial eonvolnted tubule (PCT): The seg- 
ment of the nephron that is loeated between the 
glomernlar eapsnle (Bowmans eapsnle) and the 
nephron loop; the major site of aetive reabsorption 
from filtrate. 

pseudopodia: Temporary eytoplasmie extensions 
typieal of mobile or phagoeytie eells. 
pseudostratified epitheliom: An epithelinm that 
eontains several layers of nuclei but whose eells 
are all in eontaet with the nnderlying basement 
membrane. 

puberty: A period of rapid growth, sexual matura- 
tion, and the appearanee of seeondary sexual 
eharaeteristies; normally occurs at ages 10-15 
years. 

pubic symphysis: The fibrocartilaginous amphi- 
arthrosis between the pubic bones of the coxal 
bones. 

pubis: The anterior, inferior eomponent of the hip 
bone. 

pudendum: The external genitalia. 
pulmonary eirenit: Blood vessels between the 
pnlmonary semilnnar valve of the right ventriele 
and the entranee to the left atrium; the blood flow 
through the lungs. 

pnlmonary ventilation: The movement of air into 
and out of the lungs. 

pnlvinar nucleus: The thalamie nucleus involved 
in the integration of sensory information prior to 
projeetion to the eerebral hemispheres. 
pupil: The opening in the eenter of the iris throngh 
which light enters the eye. 
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purine: A nitrogen eomponnd with a donble ring- 
shaped strnetnre; examples inelnde adenine and 
gnanine, two nitrogenons bases that are eommon 
in nneleie aeids. 

Pnrkinje eell: A large, branehing nenron of the 
eerebellar cortex, 

Pnrkinje fibers: Speeialized eondneting eardioeytes 
in the ventrieles of the heart. 

pylorie sphineter: A ring of smooth mnsele that 
regnlates the passage of ehyme from the stomaeh 
to the dnodennm, 

pylorus: The gastrie region between the body of the 
stomaeh and the dnodennm; inelndes the pylorie 
sphineter. 

pyrimidine: A nitrogen eomponnd with a single 
ring-shaped strnetnre; examples inelnde eytosine, 
thymine, and nraeil, nitrogenons bases that are 
eommon in nneleie aeids. 

pyrnvate: The anion formed by the dissoeiation of 
pyrnvie aeid, a three-earbon eomponnd prodneed 
by glyeolysis. 


Q 


quaternary structure: The three-dimensional pro- 
tein strnetnre prodneed by interaetions between 
protein snbnnits. 




ramí communícantes: Axon bnndles that link the 
spinal nerves with the ganglia of the sympathetie 
ehain. 

ramus/rami: A braneh/branehes. 
raphe: A seam. 

reeeptive field: The area monitored by a single 
sensory reeeptor. 

rectum: The inferior 15 em (6 in.) of the digestive 
traet. 

rectus: Straight. 

red blood eell (RBC): See erythroeyte, 
reductional division: The first meiotie division, 
which rednees the ehromosome nnmber from 
46 to 23. 

reflex: A rapid, antomatie response to a stimnlns. 
reflex are: The reeeptor, sensory nenron, motor 

nenron, and effeetor involved in a partienlar reflex; 
internenrons may be present, depending on the 
reflex eonsidered. 

refraetory period: The period between the initiation 
of an aetion potential and the restoration of the 
normal resting membrane potential; dnring this 
period, the membrane will not respond normally 
to stimnlation, 

relaxation phase: The period after a eontraetion 
when the tension in the mnsele fiber retnrns to 
resting levels. 

relaxin: A hormone that loosens the pnbie symphy- 
sis; seereted by the plaeenta. 
renal: Pertaining to the kidneys. 
renal eorpnsele: The initial segment of the nephron, 
eonsisting of an expanded ehamber that eneloses 
the glomernlns. 

renin: The enzyme released by eells of the juxtaglo- 
merular complex when renal blood flow deereases; 
eonverts angiotensinogen to angiotensin I. 
repolarization: The movement of the membrane 
potential away from a positive value and toward 
the resting potential. 

respiration: The exchange of gases between eells and 
the environment; inelndes pnlmonary ventilation, 
external respiration, internal respiration, and 
eelMar respiration. 

respiratory minnte volume (Vg): The amount of air 
moved into and out of the respiratory system eaeh 
minute. 


respiratory pump: A meehanism by which ehanges 
in the intraplenral pressnres during the respiratory 
eyele assist the venous return to the heart. 
resting membrane potential: The membrane 
potential of an undisturbed eell, or simply the 
resting potential. 

resting potential: The membrane potential of a 
normal eell under homeostatie eonditions. 
rete: An interwoven network of blood vessels or 
passageways. 

retienlar aetivating system (RAS): The mes- 
eneephalie portion of the retienlar formation; 
responsible for aronsal and the maintenanee of 
eonseionsness. 

retienlar formation: A diffnse network of gray mat- 
ter that extends the entire length of the brain stem. 
retienlospinal traets: Deseending traets of the medial 
pathway that earry involnntary motor eommands 
issued by neurons of the retienlar formation, 
retina: The innermost layer of the eye, lining the 
vitreons ehamber; also ealled nearal layer. 
retinal: A visual pigment derived from vitamin A. 
retraetion: Movement posteriorly in the horizontal 
plane. 

retroperitoneal: Behind or ontside the peritoneal eavity. 
reverberation: A positive feedbaek along a ehain 
of nenrons such that they remain aetive onee 
stimnlated. 

rhenmatism: A general term used to deseribe pain in 
mnseles, tendons, bones, or joints. 

Rh faetor: A snrfaee antigen that may be present 
(Rh-positive) or absent (Rh-negative) from the 
snrfaees of red blood eells. 
rhodopsin: The visual pigment in the membrane 
dises of the distal segments of rods. 
rhythmieity eenter: A mednllary eenter responsible 
for the paee of respiration; inelndes inspiratory 
and expiratory eenters. 

ribonneleie aeid: A nneleie aeid eonsisting of a ehain 
of nneleotides that eontain the sugar ribose and 
the nitrogenons bases adenine, gnanine, eytosine, 
and uracil. 

ribose: A five-earbon sugar that is a structural 
eomponent of RNA. 

ribosome: An organelle that eontains rRNA and 
proteins and is essential to mRNA translation and 
protein synthesis. 

rod: A photoreeeptor responsible for vision in dim 
lighting. 

rough endoplasmie reticulum (RER): A membra- 
nous organelle that is a site of protein synthesis 
and storage. 

round window: An opening in the bony labyrinth of 
the internal ear that exposes the membranons wall 
of the seala tympani (tympanie duct) to the air of 
the middle ear eavity. 

rnbrospinal traets: Deseending traets of the lateral 
pathway that earry involnntary motor eommands 
issued by the red nucleus of the meseneephalon, 
rugae: Mneosal folds in the lining of the empty 
stomaeh that disappear as gastrie distension 
occurs; folds in the nrinary bladder. 
rule of nines: Method used to calculate the total 
surface area involved in burns in which the body 
snrfaee of an adult is divided into mnltiples of 9. 




saeenle: A portion of the vestibnlar apparatns of 
the internal ear; eontains a macula important for 
providing sensations of gravity and linear aeeelera- 
tion in a vertieal dimension. 
sagittal plane: A seetional plane that divides the 
body into left and right portions. 
salt: An inorganie eomponnd eonsisting of a eation 
other than and an anion other than OH~. 


saltatory propagation: The relatively rapid propaga- 
tion of an aetion potential between sneeessive 
nodes of a myelinated axon. 
sareomere: The smallest eontraetile unit of a striated 
muscle eell. 

sareoplasm: The eytoplasm of a muscle eell. 
seala media: See eoehlear duct. 
seala tympani: The perilymph-filled ehamber of the 
internal ear, adjaeent to the basilar membrane; 
pressnre ehanges there distort the round window; 
also ealled tympanie duct. 

seala vestibnli: A eoiled tube filled with perilymph 
that lies within the bony labyrinth; it is eontinons 
with the seala tympani (tympanie duct) at the tip 
of the eoehlear spiral; also ealled vestibalar duct. 
sear tissue: The thiek, collagenous tissue that forms 
at an injury site. 

Schwann eells: Neuroglia responsible for the neu- 
rilemma that surrounds axons in the peripheral 
nervons system. 

seiatie nerve: A nerve innervating the posteromedial 
portions of the thigh and leg. 
selera: The fibrons, outer layer of the eye that forms 
the white area of the anterior snrfaee; a portion of 
the fibrons layer of the eye. 
selerosis: A hardening and thiekening that eom- 
monly occurs seeondary to tissue inflammation. 
serotnm: The loose-fitting, fleshy pouch that 
eneloses the testes of the male. 
sebaeeons glands: Glands that seerete sebum; 

normally assoeiated with hair follieles. 
sebum: A waxy seeretion that eoats the snrfaees of 
hairs. 

seeondary sex eharaeteristies: Physieal eharae- 
teristies that appear at pnberty in response to sex 
hormones, 

seeond-degree burn: Burn involving the epidermis 
and dermis that usually forms blisters; type of 
partial-thiekness burn. 

seeretin: A hormone, seereted by the duodenum, 
that stimulates the production of bnffers by the 
panereas and inhibits gastrie aetivity. 
semen: The fluid ejaculate that eontains spermatozoa 
and the seeretions of aeeessory glands of the male 
reprodnetive traet. 

semieirenlar ducts: The tubular eomponents of 
the membranons labyrinth of the internal ear; 
responsible for dynamie equilibrium. 
semilunar valve: A three-cusped valve guarding 
the exit from one of the eardiae ventrieles; the 
pnlmonary and aortie valves. 
seminal glands: Glands of the male reprodnetive 
traet that prodnee ronghly 60 pereent of the 
volume of semen; also ealled seminal vesieles. 
seminiferons tubules: Goiled tubules where 
spermatozoon prodnetion occurs in the testes. 
seneseenee: Aging. 

sensible perspiration: Water loss due to seeretion 
by sweat glands. 

septa: Partitions that snbdivide an organ. 
serous eell: A eell that prodnees a serous seeretion, 
serous membrane: A squamous epithelium and the 
nnderlying loose eonneetive tissue; the lining of 
the perieardial, plenral, and peritoneal eavities; 
also ealled a serosa. 

serous seeretion: A watery seeretion that eontains 
high eoneentrations of enzymes, 
serum: The ground snbstanee of blood plasma from 
which elotting agents have been removed. 
sesamoid bone: A bone that forms within a tendon. 
sigmoid eolon: The S-shaped segment of the eolon 
between the deseending eolon and the rectum. 
sign: The visible, objeetive evidenee of the presenee 
of a disease. 

simple epithelinm: An epithelinm eontaining a 
single layer of eells above the basal lamina. 
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sínoatríal (SA) node: The nataral paeemaker of the 
heart; sitnated in the wall of the right atrinm. 
sínns: A ehamber or hollow in a tissne; a large, 
dilated vein. 

sínnsoíd: An exchange vessel that is similar in 
general strnetnre to a fenestrated eapillary. The 
two differ in size (sinnsoids are larger and more 
irregnlar in eross seetion), eontinnity (sinnsoids 
have gaps between endothelial eells), and snpport 
(sinnsoids have thin basement membranes, if 
present at all). 

skeletal mnsele: A eontraetile organ of the mnsenlar 
system. 

skeletal mnsele tissne: A eontraetile tissne 

dominated by skeletal mnsele fibers; eharaeterized 
as striated, volnntary mnsele. 
slíding íilament theory: The eoneept that a 

sareomere shortens as the thiek and thin filaments 
slide past one another. 

small intestine: The dnodennm, jejnnnm, and ilenm; 
the digestive traet between the stomaeh and the 
large intestine. 

smooth endoplasmie retienlnm (SER): A mem- 
branons organelle in which lipid and earbohydrate 
synthesis and storage oeenr. 
smooth mnsele tissne: Mnsele tissne in the walls of 
many viseeral organs; eharaeterized as nonstriated, 
involnntary mnsele. 

soft palate: The fleshy posterior extension of the 
hard palate, separating the nasopharynx from the 
oral eavity. 

solnte: Any materials dissolved in a solntion. 
solntion: A flnid eontaining dissolved materials. 
somatie: Pertaining to the body. 
somatie nervons system (SNS): The efferent 
division of the nervons system that innervates 
skeletal mnseles. 

somatomedins: Snbstanees stimnlating tissne growth; 
released by the liver after the seeretion of growth 
hormone; also ealled insulin-like growth faetors. 

sperm: See spermatozoon. 

spermatie eord: Golleetively, the spermatie vessels, 
nerves, lymphatie vessels, and the ductus deferens, 
extending between the testes and the proximal end 
of the ingninal eanal. 

spermatoeyte: A eell of the seminiferons tubules 
that is engaged in meiosis. 
spermatogenesis: Spermatozoon prodnetion. 
spermatozoon/spermatozoa: Male gamete(s); also 
ealled sperm. 

sphineter: A muscular ring that eontraets to elose 
the entranee or exit of an internal passageway. 
spinal nerve: One of 31 pairs of nerves that originate 
on the spinal eord from anterior and posterior roots. 
spindle apparatns: Microtubule-based structure 
that distributes duplicated ehromosomes to 
opposite ends of a dividing eell during mitosis. 
spinoeerebellar traets: Aseending traets that earry 
sensory information to the eerebellnm. 
spinothalamie traets: Aseending traets that earry 
poorly loealized touch, pressure, pain, vibration, 
and temperatnre sensations to the thalamns. 
spinons proeess: The prominent posterior projeetion 
of a vertebra; formed by the fusion of two laminae. 
spiral organ: A reeeptor complex in the seala media 
of the eoehlea that inelndes the inner and outer 
hair eells, supporting eells and structures, and 
the teetorial membrane; provides the sensation of 
hearing; also ealled the organ ofGorti. 
spleen: A lymphoid organ important for the phago- 
eytosis of red blood eells, the immune response, 
and lymphoeyte prodnetion. 
squama: A broad, flat snrfaee. 
squamous: Flattened. 

squamous epithelium: An epithelinm whose 
snperfieial eells are flattened and platelike. 


stapes: The anditory ossiele attaehed to the tympanie 
membrane. 

stenosis: A eonstrietion or narrowing of a passageway. 
stereoeilia: Elongate mierovilli eharaeteristie of 
the epithelinm of the epididymis, portions of the 
ductus deferens, and the internal ear. 
steroid: A ring-shaped lipid structurally related to 
eholesterol. 

stimulus: An environmental ehange that prodnees 
a ehange in eellnlar aetivities; often used to refer 
to events that alter the membrane potentials of 
excitable eells. 

stratified: Gontaining several layers. 
stratum: Alayer. 

streteh reeeptors: Sensory reeeptors that respond to 
stretehing of the surrounding tissnes. 
stroma: The eonneetive tissue framework of an 
organ; distingnished from the fnnetional eells 
(parenehyma) of that organ. 
subarachnoid spaee: A meningeal spaee eontain- 
ing eerebrospinal fluid; the area between the 
araehnoid membrane and the pia mater. 
subclavian: Pertaining to the region immediately 
posterior and inferior to the elaviele. 
subcutaneous layer: See hypodermis. 
submucosa: The region between the muscularis 
mucosae and the muscularis externa. 
subserous faseia: The loose eonneetive tissue layer 
beneath the serous membrane that lines the 
ventral body eavity. 

substrate: A partieipant (prodnet or reaetant) in an 
enzyme-eatalyzed reaetion. 
sulcus: A groove or furrow. 
summation: The temporal or spatial addition of 
eontraetile foree or neural stimuli. 
snperior: Above, in referenee to a portion of the 
body in the anatomieal position. 
snperior vena eava (SVC): The vein that earries 
blood to the right atrium from parts of the body 
that are superior to the heart. 
snpination: The rotation of the forearm such that the 
palm faees anteriorly. 

supine: Lying faee up, with palms faeing anteriorly. 
snppressor T eells: Lymphoeytes that inhibit B 
eell aetivation and the seeretion of antibodies by 
plasma eells. 

snrfaetant: A lipid seeretion that eoats the alveolar 
snrfaees of the lungs and prevents their eollapse. 
sustentacular eells: See nurse eells. 
sutural bones: Irregnlar bones that form in fibrons 
tissue between the flat bones of the developing 
eraninm; also ealled Wormian bones. 
suture: A fibrons joint between flat bones of the skull. 
sympathetie division: The division of the antonomie 
nervons system that is responsible for “fight or 
flight” reaetions; primarily eoneerned with the 
elevation of metabolie rate and inereased alertness; 
also ealled thoraeolambar division. 
symphysis: A fibrons amphiarthrosis, such as that 
between adjaeent vertebrae or between the pubic 
bones of the coxal bones. 

symptom: An abnormality of fnnetion as a result of 
disease; subjective experience of patient. 
synapse: The site of eommnnieation between a nerve 
eell and some other eell; if the other eell is not 
a neuron, the term neuromuscular janetion or 
neuroglandular janetion is often used. 
synaptie delay: The period between the arrival of 
an impnlse at the presynaptie membrane and the 
initiation of an aetion potential in the postsynaptie 
membrane. 

syneytinm: A multinucleate mass of eytoplasm, 

produced by the fusion of eells or repeated mitoses 
without eytokinesis. 

syndrome: A diserete set of signs and symptoms that 
occur together. 


synergist: A muscle that assists a prime mover in 
performing its primary aetion. 
synovial eavity: A fluid-filled ehamber in a synovial 
joint. 

synovial fluid: The snbstanee seereted by synovial 
membranes that inbrieates joints. 
synovial joint: A freely movable joint where the 
opposing bone snrfaees are separated by synovial 
fluid; a diarthrosis. 

synovial membrane: An ineomplete layer of 
fibroblasts faeing the synovial eavity, plus the 
underlying loose eonneetive tissue. 
synthesis: Manufacture; anabolism. 
system: An interaeting group of organs that performs 
one or more speeifie fnnetions. 
systemie eirenit: The vessels between the aortie 
valve and the entranee to the right atrium; the 
system other than the vessels of the pnlmonary 
eirenit. 

systole: A period of eontraetion in a ehamber of the 
heart, as part of the eardiae eyele. 
systolie pressnre: The peak arterial pressnre 
measnred during ventrienlar systole. 


T 


tarsus: The ankle. 

taetile: Pertaining to the sense of touch. 
tarsal bones: The bones of the ankle (the talus, 
calcaneus, navicular, and enneiform bones). 

T eells: Lymphoeytes responsible for eell-mediated 
immnnity and for the eoordination and regnlation 
of the immune response; inelndes regnlatory 
T eells (helpers and snppressors) and cytotoxic 
(killer) T eells. 

teetospinal traets: Deseending traets of the medial 
pathway that earry involnntary motor eommands 
issued by the colliculi. 

telodendria: Terminal axonal branehes that end in 
axon terminals. 

telophase: The final stage of mitosis, eharaeterized 
by the disappearanee of the spindle apparatns, the 
reappearanee of the nnelear membrane, the disap- 
pearanee of the ehromosomes, and the eompletion 
of eytokinesis. 

temporal: Pertaining to time (temporal snmmation) 
or to the temples (temporal bone). 
tendon: A eollagenons band that eonneets a skeletal 
muscle to an element of the skeleton. 
teres: Round. 
terminal: Toward the end. 

tertiary structure: The protein structure that results 
from interaetions among distant portions of the 
same moleenle; complex eoiling and folding. 
testes: The male gonads, sites of gamete prodnetion 
and hormone seeretion. 

testosterone: The main androgen prodneed by the 
interstitial eells of the testes. 
tetraiodothyronine: T^, or thyroxine, a thyroid 
hormone. 

thalamns: The walls of the dieneephalon. 
therapy: The treatment of disease. 
thermoreeeption: Sensitivity to temperatnre 
ehanges. 

thermoregnlation: Homeostatie maintenanee of 
body temperatnre. 

thiek filament: A eytoskeletal filament in a skeletal 
or eardiae muscle eell; eomposed of myosin, with 
a eore of titin. 

thin filament: A eytoskeletal filament in a skeletal or 
eardiae muscle eell; eonsists of aetin, troponin, and 
tropomyosin. 

third-degree burn: Burn involving the entire thiek- 
ness of the skin and extends into the subcutaneous 
tissue, muscle, and bone eansing searring; 
full-thickness burn. 


G-15 




GLOSSARY 


thoracolumbar division: The sympathetie division 
of the antonomie nervons system. 
thorax: The ehest. 

threshold: The membrane potential at which an 
aetion potential begins. 

thrombin: The enzyme that eonverts (solnble) 
fibrinogen to (insolnble) fibrin. 
thymine: A pyrimidine; one of the nitrogenons bases 
in the nneleie aeid DNA. 
thymosins: Thymie hormones essential to the 
development and differentiation of T eells. 
thymns: A lymphoid organ, the site of T eell 
development and matnration. 
thyroglobnlin: A eirenlating transport globnlin that 
binds thyroid hormones. 

thyroid gland: An endoerine gland whose lobes are 
lateral to the thyroid eartilage of the larynx. 
thyroid hormones: Thyroxine (T^) and T 3 , 

hormones of the thyroid gland; stimnlate tissne 
metabolism, energy ntilization, and growth. 
thyroid-stimnlating hormone (TSH): The 
hormone, prodneed by the anterior lobe of the 
pitnitary gland, that triggers the seeretion of 
thyroid hormones by the thyroid gland. 
thyroxine: A thyroid hormone; also ealled T 4 or 
tetraiodothyronine. 

tidal volume: The volnme of air moved into and out of 
the lungs during a normal quiet respiratory eyele. 
tissue: A eolleetion of speeialized eells and eell 
prodnets that performs a speeifie fnnetion. 
titin: Fibrons protein that eonneets thiek myosin 
filaments to the z lines in the sareomere. 
tonsil: A lymphoid nodule in the wall of the pharynx; 

the palatine, pharyngeal, and lingnal tonsils. 
topieal: Applied to the body snrfaee. 
toxic: Poisonons. 

trabeenla: A eonneetive tissue partition that 
snbdivides an organ. 

traehea: The windpipe; an airway extending from the 
larynx to the primary bronehi. 
traet: A bundle of axons in the eentral nervons system. 
transeription: The eneoding of genetie instrnetions 
on a strand of mRNA. 

transeetion: The severing or entting of an objeet in 
the transverse plane. 

translation: The proeess of peptide formation from 
the instrnetions earried by an mRNA strand. 
transndate: A fluid that diffuses aeross a serous 
membrane and inbrieates opposing snrfaees. 
transverse tubules: The transverse, tubular exten- 
sions of the sareolemma that extend deep into the 
sareoplasm, eontaeting eisternae of the sareoplas- 
mie reticulum; also ealled T tubules. 
tricuspid valve: The right atrioventricular valve, 
which prevents the backflow of blood into the 
right atrium during ventrienlar systole. 
trigeminal nerve: Granial nerve V, which provides 
sensory information from the lower portions of the 
faee (inelnding the upper and lower jaws) and deliv- 
ers motor eommands to the mnseles of mastieation. 
triglyeeride: A lipid that is eomposed of a moleenle 
of glyeerol attaehed to three fatty aeids. 
troehanter: Large proeess near the head of the femur. 
troehlea: A pulley; the spool-shaped medial portion 
of the eondyle of the humerus. 
troehlear nerve: Granial nerve IV, eontrolling the 
snperior oblique muscle of the eye. 
trunk: The thoraeie and abdominopelvie regions; a 
major arterial braneh. 

T tubules: See transverse tubules. 
tuberculum: A small, loealized elevation on a bony 
snrfaee. 

tuberosity: A large, ronghened elevation on a bony 
snrfaee. 

tumor: A tissue mass formed by the abnormal 
growth and replieation of eells. 


tunica: A layer or eovering. 

twitch: A single stimulus-contraction-relaxation 
eyele in a skeletal muscle. 

tympanie membrane: The membrane that separates 
the external aeonstie meatus from the middle ear; 
the membrane whose vibrations are transferred 
to the anditory ossieles and nltimately to the oval 
window; also ealled eardrum or tympanum. 




nmbilieal: Pertaining to the navel. 
nmbilieal eord: The eonneeting stalk between the 
fetus and the plaeenta; eontains the allantois, the 
nmbilieal arteries, and the nmbilieal vein. 
nnipolar neuron: A sensory neuron whose eell body 
is in a dorsal root ganglion or a sensory ganglion 
of a eranial nerve. 

nnmyelinated axon: An axon whose nenrilemma 
does not eontain myelin and aeross which eontinn- 
ous propagation occurs. 

uracil: A pyrimidine; one of the nitrogenons bases in 
the nneleie aeid RNA. 

ureters: Muscular tubes, lined by transitional 

epithelinm, that earry urine from the renal pelvis 
to the nrinary bladder. 

urethra: A muscular tube that earries urine from the 
nrinary bladder to the exterior. 
urinary bladder: The muscular, distensible sae that 
stores urine prior to mietnrition. 
nrination: The voiding of urine; mietnrition. 
uterus: The muscular organ of the female repro- 
dnetive traet in which implantation, plaeenta 
formation, and fetal development occur. 
utricle: The largest ehamber of the vestibular 
apparatus of the internal ear; eontains a macula 
important for statie equilibrium. 


V 


vagina: A muscular tube extending between the 
uterus and the vestibnle. 

vallate papilla: One of the large, dome-shaped papil- 
lae on the snperior snrfaee of the tongue that forms 
a V, separating the body of the tongue from the root. 
vasenlar: Pertaining to blood vessels. 
vasenlogenesis: Formation of the vasenlar system. 
vasoeonstrietion: A deerease in the diameter 
of arterioles due to the eontraetion of smooth 
mnseles in the tunica media; inereases peripheral 
resistanee; may occur in response to loeal faetors, 
throngh the aetion of hormones, or from the 
stimnlation of the vasomotor eenter. 
vasodilation: An inerease in the diameter of arte- 
rioles due to the relaxation of smooth mnseles in 
the tunica media; deereases peripheral resistanee; 
may occur in response to loeal faetors, throngh the 
aetion of hormones, or after deereased stimnlation 
of the vasomotor eenter. 

vasomotion: Rhythmie ehanges in the pattern of blood 
flow throngh a eapillary bed due to the alternate 
eontraetion and relaxation of preeapillary sphineters. 
vasomotor eenter: The eenter in the mednlla oblon- 
gata whose stimnlation prodnees vasoeonstrietion 
and an inerease of peripheral resistanee. 
vein: A blood vessel earrying blood from a eapillary 
bed toward the heart. 

vena eava: One of the major veins delivering 

systemie blood to the right atrium; superior and 
inferior venae eavae. 

ventilation: Air movement into and out of the lungs. 
ventral: Pertaining to the anterior snrfaee. 
ventriele: A fluid-filled ehamber; in the heart, one 
of the large ehambers diseharging blood into the 
pnlmonary or systemie eirenits; in the brain, one 
of four fluid-filled interior ehambers. 


vennle: Thin-walled veins that reeeive blood from 
eapillaries. 

vertebral eanal: The passageway that eneloses the 
spinal eord; a tunnel bonnded by the neural arehes 
of adjaeent vertebrae. 

vertebral eolnmn: The eervieal, thoraeie, and 
lumbar vertebrae, the sacrum, and the coccyx. 
very low density lipoprotein (VLDL): Form of 
lipoprotein that transports triglyeerides from the 
intestine and liver to muscle and adipose tissue. 
vesiele: A membranous sae in the eytoplasm of a eell. 
vestibnlar nnelens: The proeessing eenter for sensa- 
tions that arrive from the vestibnlar apparatns of 
the internal ear, loeated near the border between 
the pons and the mednlla oblongata. 
vestibnlospinal traets: Deseending traets of the 
medial pathway that earry involnntary motor eom- 
mands issued by the vestibular nucleus to stabilize 
the position of the head. 

villns/villi: Slender, finger-shaped projeetion(s) of a 
mucous membrane. 
virns: A noneellnlar pathogen. 
viseera: Internal organs of the thoraeie and abdomi- 
nopelvie eavities. 

viseeral: Pertaining to viseera (internal organs) or 
their outer eoverings. 

viseeral smooth mnsele: A smooth muscle tissue that 
forms sheets or layers in the walls of viseeral organs; 
the eells may not be innervated, and the layers often 
show antomatieity (rhythmie eontraetions). 
viseosity: The resistanee to flow that a fluid exhibits as 
a result of molecular interaetions within the fluid. 
viscous: Thiek, syrupy. 

vitamin: An essential organie nntrient that fnnetions 
as a eoenzyme in vital enzymatie reaetions. 
vitreons humor: The fluid portion of the vitreons 
body, the gelatinons mass in the posterior eavity 
(vitreons ehamber) of the eye. 
voluntary: Gontrolled by eonseions thonght proeesses. 




white blood eells (WBCs): The grannloeytes and 
agrannloeytes of whole blood. 
white matter: Regions in the eentral nervons system 
that are dominated by myelinated axons. 
white ramus: A nerve bundle eontaining the myelin- 
ated preganglionie axons of sympathetie motor 
nenrons en route to the sympathetie ehain or to a 
eollateral ganglion. 

Wormian bones: See sutural bones. 


X 


xenograft: Tissue transplant from another speeies, 
for example, a pig heart valve is transplanted into 
a human. 

xiphoid proeess: The slender, inferior extension of 
the sternnm. 


Y 


Y ehromosome: The sex ehromosome whose pres- 
enee indieates that the individnal is a genetie male. 


Z 


zona faseienlata: The region of the adrenal cortex 
that seeretes glneoeortieoids. 
zona glomernlosa: The region of the adrenal cortex 
that seeretes mineraloeortieoids. 
zona retienlaris: The region of the adrenal cortex 
that seeretes androgens. 

zygote: The fertilized ovum, prior to the start of 
eleavage. 
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ehapter 7 ehapter opener Alexander Potapov/ 

Eotolia; p. 235 7.2.1 Ralph T. Hntehings; p. 235 7.2.2 
Ralph T. Hntehings; p. 243 7.6.1 Ralph T. Hntehings; 
p. 243 7.6.2 Ralph T. Hntehings; p. 246 7.8.1 Ralph 
T. Hntehings; p. 246 7.8.2 Ralph T. Hntehings; ^ 

p. 247 7.8.3 Ralph T. Hntehings; p. 247 7.8.4 Based 
on Life-size Anditory Ossieles, model LT-E13 by 3B H 
Seientifie; p. 247 7.8-SA Pearson Edneation; p. 248 I 

7.9.1 Miehael J. Timmons; p. 248 7.9.2 Ralph T. I 

Hntehings; p. 250 7.10-SA Pearson Edneation; H 

p. 252 7.11.1 Ralph T. Hntehings; p. 252 7.11.2 Ralph T. I 
Hntehings; p. 253 7.11.3 Ralph T. Hntehings; p. 253 I 
7.11.4 Ralph T. Hntehings; p. 254 7.12.1 Ralph T. I 
Hntehings; p. 254 7.12.2 Ralph T. Hntehings; p. 254 I 
7.12.3 Ralph T. Hntehings; p. 255 7.12.4 Ralph T. I 
Hntehings; p. 255 7.12.5 Ralph T. Hntehings; p. 256 I 

7.13.1 Ralph T. Hntehings; p. 256 7.13.2 Ralph T. ® 
Hntehings; p. 257 7.13.3 Ralph T. Hntehings; p. 258 
7-SRl-l Ralph T. Hntehings; p. 258 7-SR1-2 Ralph T. 
Hntehings; p. 258 7-SR1-3 Ralph T. Hntehings; 

p. 260 7.15.1 Ralph T. Hntehings; p. 260 7.15.2 Ralph 
T. Hntehings; p. 261 7.15.3 Ralph T. Hntehings; 
p. 261 7.15.4 Ralph T. Hntehings; p. 261 7.15.5 Ralph 
T. Hntehings; p. 262 7.16.1 Ralph T. Hntehings; 
p. 262 7.16.2 Ralph T. Hntehings; p. 263 7.16.3 Ralph 
T. Hntehings; p. 263 7.16.4 Ralph T. Hntehings; 
p. 264 7.17.1 Ralph T. Hntehings; p. 265 7.17.2 Ralph T. 
Hntehings; p. 266 7.18.1 Ralph T. Hntehings; 
p. 267 7.18.2 Ralph T. Hntehings; p. 268 7.19 Ralph T. 
Hntehings; p. 270 7.20.1 Ralph T. Hntehings; p. 270 
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7.20.2 Ralph T. Hutchings; p. 271 7.20.3 Ralph T. 
Hutchings; p. 271 7.20.4 Ralph T. Hntehings; p. 271 

7.20.5 Ralph T. Hntehings; p. 271 7.20.6 Ralph T. 
Hntehings; p. 272 7.21.1 Ralph T. Hntehings; p. 273 

7.21.2 Ralph T. Hntehings; p. 273 7.21.3 Ralph T. 
Hntehings; p. 273 7.21.4 Seott Camazine/Science 
Source; p. 279 7'CI-1 Pressmaster/Shutterstock; 
p. 279 7-CI-2 SHOUT/Alamy. 

ehapter 8 ehapter opener miehaeljnng/ 
Shntterstoek; p. 286 8.4-SA-l Pearson Edneation; 
p. 286 8.4-SA-2 Ralph T. Hntehings; p. 286 8.4-SA-3 
Ralph T. Hntehings; p. 287 8.4-SA-4 Pearson 
Edneation; p. 287 8.4-SA-5 Ralph T. Hntehings; 
p. 287 8.4-SA-6 Ralph T. Hntehings; p. 287 8.4-SA-7 
Ralph T. Hntehings; p. 288 8.5-SA-l Pearson 
Edneation; p. 288 8.5-SA-2 Pearson Edneation; 
p. 289 8.5-SA-3 Ralph T. Hntehings; p. 289 8.5-SA-4 
Ralph T. Hntehings; p. 289 8.5-SA-5 Ralph T. 
Hntehings; p. 289 8.5-SA-6 Ralph T. Hntehings; 
p. 290 8-SRl-SA-l Pearson Edneation; p. 290 
8-SR1-SA-2 Pearson Edneation; p. 290 8-SR1-SA-3 
Ralph T. Hntehings; p. 290 8-SR1-SA-4 Ralph T. 
Hntehings; p. 291 8.6.1 Ralph T. Hntehings; p. 291 

8.6.2 Ralph T. Hntehings; p. 292 8.7.1 Ralph T. 
Hntehings; p. 293 8.7.2 Prof. P. Motta/Seienee Photo 
Library/Seienee Source; p. 293 8.7.3 Prof. P. Motta/ 
Seienee Photo Library/Seienee Source; p. 293 8.7.4 
Miehael J. Timmons; p. 296 8.9.1 Ralph T. 
Hntehings; p. 296 8.9.2 Ralph T. Hntehings; p. 297 

8.9.3 Ralph T. Hntehings; p. 297 8.9.4 Ralph T. 
Hntehings; p. 298 8.10.1 MILA Zed/Shutterstock; 
p. 298 8.10.2 Mukundan Attur, Ph.D.; p. 298 8.10.3 
Jari Sanjiv; p. 298 8.10.4 New York University 
Sehool of Medieine; p. 298 8.10.5 Stanley S. Tao; 
p. 299 8.10.6 Mark D. Miller, M.D.; p. 299 8.10.7 
Erederie H. Martini; p. 299 8.10.8 Smith & Nephew, 
Ine.; p. 299 8.10.9 Medieal RP/SuperStock; p. 299 
8.10.10 SIU BIOMED COMM/Custom Medieal 
Stoek Photo; p. 300 8-SR-2 Ralph T. Hutchings; 

p. 301 8-SO-SA Pearson Edneation; p. 302 8-SO-l 
Prof. P. Motta/Seienee Photo Library/Seienee 

I Sonree; p. 302 8-SO-2 Prof. P. Motta/Seienee Photo 
Library/Seienee Source; p. 302 8-SO-2 MILA Zed/ 
Shutterstock; p. 302 8-SO-4 Stanley S. Tao; p. 305 
8 -CI-l Apogee/Seienee Source; p. 305 8-CI-2 Dan 
Kosmayer/Shntterstoek; p. 305 8-CI-3 Nagel 
Photography/Shntterstoek. 

ehapter 9 ehapter opener Yuri Arcurs/Potolia; 
p. 308 9.2-SA Pearson Edneation; p. 325 9.10-SA 
Pearson Edneation; p. 326 9.11 photobank.kiev.ua/ 
Shutterstock; p. 332 9.14.1 Prederie H. Martini; 
p. 332 9.14.2 Prederie H. Martini; p. 332 9.14.3 
Comack, D. (ed): HAM’S HISTOLOGY, 9th ed. 
Philadelphia: J. B. Lippineott, 1987. By Permission./ 
Lippineott Williams & wilkins/Books; p. 334 9.15.1 
Yuri Arcurs/Potolia; p. 334 9.15.2 Seienee Photo 
Library/Custom Medieal Stoek Photo; p. 334 9.15.3 
Potoseareh/age fotostoek; p. 341 9-CI-l Andrey_ 
Popov/Shutterstock; p. 341 9-CI-2 Nieholas 
Pieeillo/Shutterstock. 

ehapter 10 ehapter opener Aleksandr Doodko/ 
Shntterstoek; p. 356 10.8.1 Ralph T. Hntehings; 
p. 356 10.8-SA-l William C. Ober; p. 357 10.8-SA-2 
William e. Ober; p. 360 10.10-SA Pearson 
Edneation; p. 364 10-SR2-SA William C. Ober; 


p. 366 10.13-SA-l Pearson Edneation; p. 367 
10.13-SA-2 Pearson Edneation; p. 368 10.14-SA-l 
Pearson Edneation; p. 369 10.14-SA-2 Pearson 
Edneation; p. 370 10.15-SA-l Pearson Edneation; 
p. 370 10.15-SA-2 Pearson Edneation; p. 372 
10.16-SA-l Pearson Edneation; p. 372 10.16-SA-2 
Pearson Edneation; p. 374 10.17-SA-l Pearson 
Edneation; p. 374 10.17-SA-2 Pearson Edneation; 
p. 375 10.17-SA-3 Pearson Edneation; p. 375 10.17-SA-4 
Pearson Edneation; p. 388 10-SR3-SA Pearson 
Edneation; p. 390 lO-SO-SA Pearson Edneation; 
p. 393 10-CI-1 Eelix Mizioznikov/Shntterstoek; 
p. 393 10-CI-2 Valery Bareta/Shutterstock. 

ehapter 11 ehapter opener SARANS/ 
Shntterstoek; Chapter opener SARANS/Shutterstock; 
ehapter opener SARANS/Shutterstock; 
p. 395 11.1-SA Pearson Edneation; p. 427 11-CI 
Dan Kollmann/Shntterstoek. 

ehapter 12 p. 433 12.3.1 Ralph T. Hntehings; 
p. 433 12.3.2 Hinerfeld/Custom Medieal Stoek 
Photo, Ine; p. 433 12.3.3 Ralph T. Hntehings; p. 434 
12.4 Miehael J. Timmons; p. 437 12.5 William C. 
Ober; p. 440 12.7-SA-l Pearson Edneation; p. 441 
12.7-SA-2 Pearson Edneation; p. 442 12.8-SA 
Pearson Edneation; p. 458 12-SO-SA Pearson 
Edneation; p. 461 12-CI-2 imagelOO/age fotostoek. 

ehapter 13 ehapter opener Lightspring/ 
Shntterstoek; p. 470 13.5 Ward s Natnral Seienee 
Establishment; p. 472 13.6 Pearson Edneation; 
p. 480 13.10.1 Ralph T. Hntehings; p. 480 13.10.2 
Ralph T. Hntehings; p. 485 13.13 Jodi Jaeobson/ 
iStoekphoto; p. 490 13.16.1 iStoekphoto; p. 490 

13.16.2 Anneka/Shutterstock; p. 500 13.21.1 Lisa E. 
Young/Shutterstock; p. 500 13.21.2 Ralph E. 
Józefowicz, MD, University of Roehester Depart- 
ment of Pathology; p. 500 13.21.3 Svet-lana/ 
Shntterstoek; p. 501 13.21.4 Cecilia Magill/Seienee 
Source; p. 501 13.21.5 Bettmann/CORBIS; 

p. 501 13.21.6 Gnnilla Elam/Seienee Source; 
p. 505 13-SO Gunilla Elam/Seienee Source; 
p. 507 13-SI-l Dr. P. Marazzi/Seienee Source. 

ehapter 14 Ghapter opener Sebastian Kanlitzki/ 
Shntterstoek; p. 511 14.2-SA Pearson Edneation; 
p. 517 14.5.1 Snaprender/Shntterstoek; p. 517 14.5.2 
objeetsforall/Shntterstoek; p. 525 14.9-SA Pearson 
Edneation; p. 527 14.10 Erederie H. Martini; p. 531 
14-SO-l objeetsforall/Shntterstoek; p. 532 14-SO-2 
Erederie H. Martini; p. 535 14-CI-1 Sam Chadwick/ 
Shntterstoek; p. 535 14-CI-2 irin-k/Shutterstock; 
p. 535 14-CI-3 Simone van den Berg/Shutterstock. 

ehapter 15 ehapter opener Image Source/ 
Alamy; p. 541 15.3.1 Robert B. Tallitseh; p. 541 

15.3.2 Biophoto Assoeiates/Seienee Source; p. 541 

15.3.3 Monkey Bnsiness Images/Shntterstoek; p. 

551 15.8-SA-l Pearson Edneation; p. 551 15.8-SA-2 
Pearson Edneation; p. 552 15.9 Miehael J. Timmons; 
p. 558 15-SR2 Miehael J. Timmons; p. 560 15.13.1 
Ralph T. Hntehings; p. 561 15.13.2 William C. 

Ober; p. 561 15.13.3 Medieal-on-Line/Alamy; 

p. 565 15.15.1 1988 Diane Hirsch/Eundamental 
Photographs; p. 565 15.15.2 1988 Diane Hirseh/ 
Enndamental Photographs; p. 568 15.17 Keith/ 
Custom Medieal Stoek Photo; p. 575 15.21 


ZUMA Press, Ine./Alamy; p. 576 15.22.1 absolnt/ 
Shntterstoek; p. 576 15.22.2 Blend Images/Alamy; 
p. 576 15.22.3 O.Bellini/Shntterstoek; p. 576 15.22.4 
Biophoto Assoeiates/Seienee Source; p. 577 

15.22.5 ernstc/Shutterstock; p. 577 15.22.6 Helen 
MeArdle/Seienee Source; p. 583 15-SO ernste/ 
Shntterstoek; p. 585 15-CI-1 Lisa E. Young/ 
Shntterstoek; p. 585 15-CI-2 Derek Gordon/ 
Shntterstoek. 

ehapter 16 Ghapter opener Garlos Gaetano/ 
Shntterstoek; p. 598 16.7 Pearson Edneation; 
p. 598 16.7-SA William C. Ober; p. 600 16.8.1 
Erederie H. Martini; p. 600 16.8.2 Pearson 
Edneation; p. 600 16.8-SA Pearson Edneation; 
p. 602 16.9 Ward s Natnral Seienee Establishment; 
p. 602 16.9-SA Pearson Edneation; p. 604 16.10-SA 
Pearson Edneation; p. 606 16.11.1 Lutz Slomianka; 
p. 607 16.12 Kokhanehikov/Shntterstoek; p. 612 

16.15.1 violetblue/Shutterstock; p. 612 16.15.2 
Ruhani Kaur, UNICEE India Country Offiee; p. 614 

16.16.1 Mosby s Dental Dietionary, 2nd edition. 
2008. Copyright Elsevier/Laura 

Gould; p. 614 16.16.2 Gamazine Seott/Getty Images; 
p. 614 16.16.3 Medieal-on-Line/Alamy; p. 615 

16.16.4 Custom Medieal Stoek Photo, Ine.; p. 615 

16.16.5 Biophoto Assoeiates/Seienee Source; p. 618 

16-SO-l Kokhanchikov/Shutterstock; p. 619 
16-SO-2 violetblue/Shutterstock; p. 621 

16- CI Adam Gregor/Shutterstock. 

ehapter 17 ehapter opener martan/Shntter- 
stoek; p. 629 17.4 Eugene Sim/Shutterstock; p. 630 

17.5.1 Erederie H. Martini; p. 630 17.5.2 Gheryl 
Power/Science Source; p. 630 17.5.3 Ed Resehke/ 
Getty Images; p. 635 17.7 Karen E. Petersen; p. 638 
17.9 Pearson Edneation; p. 641 17.10 SPL/Custom 
Medieal Stoek Photo, Ine.; p. 642 17.11.1 Shevelev 
Vladimir/Shntterstoek; p. 642 17.11.2 Monkey 
Bnsiness Images/Shntterstoek; p. 642 17.11.3 Eye of 
Seienee/Seienee Source; p. 643 17.11.4 National 
Medieal Slide Bank/Custom Medieal Stoek Photo, 
Ine.; p. 643 17.11.5 Paulo Henrique Orlandi 
Mourao; p. 643 17.11.6 claffra/Shutterstock; 

p. 647 17-SO SPL/Custom Medieal Stoek Photo, 
Ine.; p. 649 17-CI-1 Stefan Schurr/Shutterstock; 
p. 649 17-CI-3 Susumu Inoue MD; p. 649 

17- CI-3 Rudchenko Liliia /Shntterstoek. 

ehapter 18 ehapter opener Alex Mit/ 
Shntterstoek; p. 651 18.1 Miehelangelns/ 
Shntterstoek; p. 651 18.1-SA Pearson Edneation; 
p. 652 18.2 Biophoto Assoeiates/Seienee Source; 
p. 656 18.4 Timothey Kosachev/Shutterstock; p. 658 

18- SR-l Biophoto Assoeiates/Seienee Source; p. 660 
18.6-SA Pearson Edneation; p. 664 18.8-SA-l 
Pearson Edneation; p. 665 18.8-SA-2 Pearson 
Edneation; p. 666 18.9-SA-l William C. Ober; 

p. 666 18.9-SA-2 William C. Ober; p. 670 18.11- 
SA-1 Pearson Edneation; p. 670 18.11-SA-2 Pearson 
Edneation; p. 672 18.12-SA-l Pearson Edneation; 
p. 672 18.12-SA-2 Pearson Edneation; p. 679 18-SO 
Timothey Kosaehev/Shntterstoek; p. 680 18-SO- 
SA-1 Pearson Edneation; p. 680 18-SO-SA-2 
Pearson Edneation; p. 680 18-SO-SA-3 William C. 
Ober; p. 683 18-CI-1 Helder Almeida/Shntterstoek; 
p. 683 18-CI-2 Medieal Body Seans / Seienee 
Source. 
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ehapter 19 ehapter opener dream designs/ 
Shntterstoek; p. 685 19.1'SA Pearson Edneation; 
p. 687 19.2 Pearson Edneation; p. 688 19.3'SA 
Pearson Edneation; p. 691 19.4 Pearson Edneation; 
p. 697 19.7.1 Seienee Photo Library/Seienee Sonree; 
p. 697 19.7.2 Biophoto Assoeiates/Seienee Sonree; 
p. 697 19.7.3 Margaret Grimes; p. 697 19.7.4 Patty 
Quinehan; p. 698 19.8.1 Ed Reschke//Getty Images; 
p. 698 19.8.2 B & B Photos/Custom Medieal Stoek 
Photo, Ine.; p. 698 19.8.3 Sonthern Illinois Univer' 
sity/Seienee Source; p. 699 19.8.4 Howard Sochurek/ 
eORBIS' NY; p. 699 19.8.5 Howard Sochurek/ 
eORBIS' NY; p. 699 19.8.6 ICVI'CCN/Science 
Source; p. 703 19.10 ayzek/Shutterstock; p. 712 19.15 
WiIIiam e. Ober; p. 714 19.16 Larry MuIvehiII/ 
Seienee Source; p. 719 19.18.1 vIadm/Shutterstock; 
p. 719 19.18.la Mara Zemgaliete; p. 719 19.18.2 
Shutterstock; p. 719 19.18.3 Shutterstock; p. 719 

19.18.4 Shutterstock; p. 727 19.22 Terry Vine/Corbis; 
p. 734 19'SO'l Howard Sochurek/CORBIS' NY; 
p. 735 19'SO'2 Larry MuIvehiII/Science Source; 
p. 736 19'SO'3 Shutterstock; p. 736 19'SO'4 Terry 
Vine/Corbis; p. 739 19'CI © Jose Luis PeIaez/Corbis. 

ehapter 20 ehapter opener Sebastian Kanlitzki/ 
Shntterstoek; p. 743 20.2 Erederie H. Martini; p. 745 

20.3 Barkley Eahnestoek/iStoekphoto; p. 745 
20.3'SA Pearson Edneation; p. 748 20.5.1 Pearson 
Edneation; p. 748 20.5.2 Biophoto Assoeiates/ 
Seienee Source; p. 749 20.5.3 Ralph T. Hutchings; 
p. 751 20.6.1 Pearson Edneation; p. 751 20.6.2 
Pearson Edneation; p. 752 20.7.1 iStoekphoto; 

p. 752 20.7'SA Pearson Edneation; p. 753 20.7.2 
Pearson Edneation; p. 755 20.8 iStoekphoto; p. 756 

20.9.1 iStoekphoto; p. 757 20.9.2 CC'BY'SA 
Photo:Extrge, Wikipedia, The Eree Eneyelopedia; 
p. 762 20.12 Ronald Bloom/iStoekphoto; p. 767 20.14 
ImageStream image eonrtesy of Annis Corp.; p. 770 
20.16 James P. Allison; p. 775 20.19 Monika 
Wisnievska/iStockphoto; p. 778 20.21.1 Stan 
Rohrer/iStoekphoto; p. 778 20.21.2 Keith Bedford/ 
Renters; p. 778 20.21.3 Ramona Heim/iStoekphoto; 
p. 779 20.21.4 Centers for Disease ControI and 
Prevention (CDC); p. 779 20.21.5 Steve Code/ 
iStoekphoto; p. 780 20'SO'1 Erederie H. Martini; p. 

78120'SO'SA Pearson Edneation; p. 782 20'SO'2 
iStoekphoto; p. 785 20'CI NatUIrich/Shutterstock. 

ehapter 21 ehapter opener Minerva Studio/ 
Shutterstock; p. 787 21.1'SA Pearson Edneation; 
p. 788 21.2'SA'l Pearson Edneation; p. 789 21.2 
Juan Monino/iStoekphoto; p. 789 21.2'SA'2 Pearson 
Edneation; p. 790 21.3 Ralph T. Hntehings; p. 790 
21.3'SA'l WiIIiam C. Ober; p. 791 21.3'SA'2 
WiIIiam e. Ober; p. 791 21.3'SA'3 WiIIiam C. Ober; 
p. 792 21.4'SA Pearson Edneation; p. 793 21.4 Jason 
Stitt/iStoekphoto; p. 794 21.5 Lester V. Bergman/ 
Corbis; p. 795 21.5'SA Pearson Edneation; p. 796 
21.6 Ralph T. Hntehings; p. 796 21.6'SA Pearson 
Edneation; p. 800 21'SR'1'SA Pearson Edneation; 
p. 801 21.8'SA Pearson Edneation; p. 809 21.12'SA 
Pearson Edneation; p. 814 21.15.1 iStoekphoto; 
p. 814 21.15.2 George Mayer/iStoekphoto; p. 815 

21.15.3 Dana SpiropouIou/iStockphoto; p. 815 

21.15.4 Jaren WickIund/iStockphoto; p. 815 21.15.5 
Yen Teoh/iStoekphoto; p. 819 21.17 George Mayer/ 
iStoekphoto; p. 821 21.18 knape/iStoekphoto; p. 823 
21'SO'SA Pearson Edneation; p. 827 21'CI'1 


Mike Tan C. T./Shutterstock; p. 827 21'CI'2 
Dudarev MikhaiI/Shutterstock. 

ehapter 22 ehapter opener Sebastian Kanlitzki/ 
Shntterstoek; p. 829 22.1'SA Pearson Edneation; 
p. 832 22.3 Erederie H. Martini; p. 837 22.5'SA 
Pearson Edneation; p. 841 22.7 Ralph T. Hntehings; 
p. 842 22.8.1 Alfred Pasieka/Getty Images; p. 842 

22.8.2 Erederie H. Martini; p. 842 22.8'SA'l Pearson 
Edneation; p. 842 22.8'SA'2 Pearson Edneation; 
p. 845 22.9SA Pearson Edneation; p. 847 22.10 
Karen Krabbenhoft, Pearson Edneation; p. 851 
22.12 M.I. WaIker/Photo Researehers, ine.; p. 853 

22.13.1 Karen Krabbenhoft, Pearson Edneation; 
p. 853 22.13.2 Karen Krabbenhoft, Pearson 
Edneation; p. 853 22.13.3 Karen Krabbenhoft, 
Pearson Edneation; p. 858 22.16'SA Pearson 
Edneation; p. 863 22.18'SA Pearson Edneation; 

p. 864 22.19'SA'l Pearson Edneation; p. 865 22.19 
Robert B. Tallitseh, Pearson Edneation; p. 865 
22.19'SA'2 Pearson Edneation; p. 866 22.20 Ralph 
T. Hntehings; p. 866 22.20'SA Pearson Edneation; 
p. 870 22.22'SA Pearson Edneation; p. 872 22.23.1 
Dr Riehard Nejat; p. 872 22.23.2 Barbara Riee/ 
Genters for Disease Gontrol and Prevention (CDC); 
p. 872 22.23.3 Gastrolab/Seienee Source; p. 872 

22.23.4 SteII98; p. 873 22.23.5 David M. Martin, 
MD/Seienee Source; p. 873 22.23.6 Ronald Bleday 
M.D.; p. 873 22.23.7 Joel Manenso; p. 875 22'SO' 
SA'l Pearson Edneation; p. 881 22'CI'1 Joanna 
Peeha/Thinkstoek; p. 881 22'CI'2 James P. Gray. 

ehapter 23 Ghapter opener MidoSemsem/ 
Shntterstoek; p. 891 23.5'SA Pearson Edneation; 
p. 892 23.6'SA Pearson Edneation; p. 896 23.8'SA 
Pearson Edneation; p. 900 23.10'SA Pearson 
Edneation; p. 904 23.12.1 Snharjoto/iStoekphoto; 
p. 904 23.12.2 Olga Lynbkina/iStoekphoto; p. 905 

23.12.3 Ilya Genkin/iStoekphoto; p. 907 23.13.1 
Joop Hoek/iStoekphoto; p. 907 23.13.2 Kelly CIine/ 
iStoekphoto; p. 908 23.14.1 Hisayoshi Osawa/Getty 
Images; p. 908 23.14.2 David GayIor/Shutterstock; 
p. 908 23.14.3 B & B Photos/Custom Medieal Stoek 
Photo, Ine.; p. 909 23.14.4 WiIIiam C. Ober; p. 909 

23.14.5 Lyle Conrad/Centers for Disease ControI 
and Prevention (CDC); p. 909 23.14.6 Thalia Oster 
eOE; p. 911 23.15 Phanie Ageney/Seienee Source; 
p. 913 23.17 Eotandy/Dreamstime LLC; p. 913 
23.17a MadIen/Shutterstock; p. 917 23'SO'SA 
Pearson Edneation; p. 919 23'SO'l Phanie Ageney/ 
Seienee Source; p. 920 23'SO'2 Eotandy/Dream' 
stime LLC; p. 920 23'SO'2a MadIen/Shutterstock; 
p. 921 23'CI moodboard/EotoIia. 

ehapter 24 ehapter opener Andrey Popov/ 
Shntterstoek; p. 924 24.2'SA'l Pearson Edneation; 
p. 925 24.2'SA'2 Pearson Edneation; p. 926 24.3 
Ralph T. Hntehings; p. 936 24.8 Steve Gsehmeissner/ 
Seienee Source; p. 949 24.14 Beranger/Seienee 
Source; p. 951 24.15 Seienee Source; p. 953 24.16.1 
Ward s Natural Seienee Establishment; p. 953 

24.16.2 Erederie H. Martini; p. 953 24.16.3 Pearson 
Edneation; p. 961 24'CI'1 Thinkstoek; p. 961 
24'CI'2 WiIIeeCoIe/Shutterstock. 

ehapter 25 ehapter opener Rido/Shutterstock; 
ehapter opener Alan PouIson/Shutterstock; p. 987 
25'CI'1 Brand X Pietnres/Thinkstoek; p. 987 


25'CI'2 haveseen/Shntterstoek; p. 987 25'CI'3 
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A band) skeletal mnseles, 310 
abdomínal aorta, 602, 670 
abdominal reflex, 455 
abdomínal region, 30 
abdominal wall, blood vessels, 670-671 
abdominis (abdomen), 347 
abdominopelvie eavity 
adipose tissue, 153 
autonomic nervous system, 512-513 
blood vessels of, 670-671 
digestive system, 843, 852 
introduction to, 34-35 
mnseles of, 360-361 
rectus abdominis, 360-361 
nrinary system, 924-925 
viseeral reflexes, 525 
abdominopelvie quadrants, 31 
abdominopelvie regions, 31 
abducens nerve (VI), 354, 486-487 
abdnetion, 347, 385 
abdnetor, muscle terminology, 347 
abdnetor digiti minimi, 376-377, 384-385 
abdnetor hallneis, 384-385 
abdnetor pollieis brevis, 376-377,442-443 
abdnetor pollieis longus, 374-375 
absolute refraetory period, 413 
absorption 

absorptive and postabsorptive states, 902-903 
biologieal proeesses, 4-5 
earbohydrates, 892-893 
defined, 837 

digestion, nntrient pool and, 891 

digestive traet eells, 13 

epithelial tissue, 138-139,142-143,146-147 

lipids, 896-897 

mierovilli, 92 

aeeessory ligaments, knee joint, 283 
aeeessory nerve (XI), 441,486 
aeeessory panereatie duct, 871 
aeeessory structures 

digestive system, 863-873 
eye, 560-561 

integumentary system, 175,185-190 

aeeommodation, vision, 566-567 
aeetabnlar labrnm, 295 
aeetabnlar noteh, 266-267, 295 
acetabulum, 266-269, 295 
aeetate, 886-887 
aeetyl group, 886-887 
aeetyleholine (ACh) 

gated ehannels, plasma membrane, 408-409 

heart rate and, 523, 708-709 

motor nenrons, 316-317 

muscle tension, 321 

mnseles, elinieal eonditions, 335 

parasympathetie nervons system, 

517, 519 

postsynaptie potentials, 419 
structure and fnnetion, 420 
sympathetie aetivation, 518 

aeetyleholinesterase (AChE), 316-317,416-417 
acetyl-CoA, 885, 886-887 

Aehilles tendon (ealeaneal tendon), 29, 273, 349, 

381-383 

aehondroplasia, 218 
aeid 

amino aeid reaetions, 74-75 
defined, 65, 974 
aeid-base balanee 
aeid elasses, 973 
aeidosis, 64 
alkalosis, 64 

buffer systems, 976-977 
kidneys, 22 

metabolie aeidosis and alkalosis, 978-979 


overview of, 974-975 
pH and homeostasis, 64-65 
potassinm balanee and, 971 
respiratory aeidosis and alkalosis, 980-981 
aeidemia, 974-975 
aeidie, defined, 64-65, 974 
aeidosis, 64, 974-975, 978 
aeinar glands, 149 
acquired reflexes, 448-449 
aeromegaly, 219, 614-615 
aeromial head, 260 
aeromial region, 31 

aeromioelavienlar joint, 260-261, 285, 294 
aeromioelavienlar ligament, 294 
aeromion, 260-261, 294 
aerosome, 993 

ACTH (adrenoeortieotropie hormone), 594 
aetin, 92, 832-833 

aetinins, skeletal mnseles, 310, 312-313 
aetion, muscle movements, 346, 347. 

See also speeifie muscle names 
aetion potentials 

eardiae mnseles, 706-707 
ehemistry of, 412-415 
defined, 405 

generator potentials and, 537 
information proeessing, 420-421 
muscle eontraetions, 314-315, 318-319 
signal transmission, 405-421 
synapses, 416-417 
aetivation energy, 58-59 
aetive site, 76, 312-313, 318-319 
aetive transport, 111,117 
acute renal failnre, 948-949 
Adam’s apple, 792-793 
adaptability, 4-5 
adaptation, 491 
adaptive immnnity 

allergies and anaphylaxis, 775 
antigen presentation, 766-767 
B eell aetivation and antibody prodnetion, 
770-771 

eoordination with innate defenses, 776-777 
defined, 755 

immune disorders, 778-779 
overview of, 765 
T eell responses, 768-769 

Addison’s disease, 615 

additive effeets, hormones, 609 

addnetion, 347, 385 

addnetor, muscle terminology, 347 

addnetor brevis muscle, 378-379,444-445 

adductor group, thigh movement, 378-379 

addnetor hallneis, 385 

addnetor longus muscle, 348, 366-367, 378-381, 

387, 444-445 

adductor magnus muscle, 349, 378-381,444-445 
adductor pollieis muscle, 376-377,442-443 
adductor tubercle, 270 
adenine, 77, 78-79,104-109 
adenohypophysis, 594 
adenosine diphosphate (ADP), 

77, 98-99,117, 318-319, 328-331 
adenosine monophosphate (AMP), 77 
adenosine triphosphate. See ATP (adenosine 

triphosphate) 
adenylate eyelase, 539 
adhesion belt, 140-141 
adipoeytes 

antonomie nervons system, 509 
defined, 152 

fatty aeid release from, 903 
fnnetion of, 153 
nntrient pool, 884-885 
transport and storage, 897 
adipose tissue 

abdominal viseera, 845 


aging and, 189 

antonomie nervons system, 395, 509, 523 
in bones, 203 
distribntion patterns, 181 
fnnetion of, 153 
growth hormone, 595 
hypodermis, 180 
integnmentary system, 175 
nenrons, 399 
spinal eord, 432 
sympathetie aetivation, 518 
sympathetie innervation, 514 
adoleseenee, 1047 
ADP (adenosine diphosphate) 
aetive transport, 117 
eontraetions, ATP use, 318-319 
energy from, 77 
mitoehondria, 98-99 
muscle eontraetions, 328-331 
adrenal arteries, 602, 670 
adrenal cortex, adrenal gland, 592 
adrenal glands 

antonomie nervons system effeets, 522 
blood, pressnre and volume regulation, 610 
eapillaries in, 655 

eortieotropin-releasing hormone (CRH), 594 

endoerine fnnetion, 589 

hormones, 588, 602-603 

structures and fnnetions, 20, 602-603 

adrenal mednlla, 512, 514, 516, 517, 592 
adrenal veins, 671 
adrenergie reeeptors, 516 

adrenoeortieotropie hormone (ACTH), 594, 597 

adventitia, 830, 842 

aerobie metabolism, 99, 328-331 

afferent arterioles, 930, 936-937 

afferent fìbers, 399 

afferent lymphaties, 749 

afterbirth, 1045 

afterload, stroke volume, 711 

agglutination, 634-635, 774 

agglntinins, 634-635 

agglntinogens, 634-635 

aggregated lymphoid nodnles, 748-749 

aging 

arthritis, 298-299 
bone loss, 293 
equilibrium ehanges, 577 
hearing ehanges, 577 
immune system and, 779 
integnmentary system, 191 
knee joint replaeement, 305 
respiratory system, 820-821 
smell, sense of, 576 
taste, sense of, 576 
vertebrae, 292-293 
vision ehanges, 567, 576 
agonist, muscle movement, 346 
agrannlar lenkoeytes, 638-639 
AIDS (acquired immunodefìciency syndrome), 779 
ala, saernm, 255 

alarm phase, stress response, 612-613 

alba, muscle terminology, 347 

albinism, 178, 563 

albnmin, 625, 632-633 

aleohol, 595, 857 

aleohols, hydroxyl group, 67 

aldosterone 

blood, pressnre and volume regulation, 610, 

726, 939 

blood loss, response to, 730-731 
effeets of, 603 

fluid balanee regnlation, 939, 968-969 
potassinm balanee, 970-971 
stress response, 613 

aldosteronism, 971 

alimentary eanal. See digestive traet 
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alkalemia, 974-975 
alkalíne, defìned, 64-65, 974 
alkaline tide, 849 
alkalosis, 64, 974-975, 979 
allantois, 1034-1039 
alleles, 1052-1053 
allergie rhinitis, 775 
allergies, 775 
allograft, 183 
all-or-none prineiple, 413 
alpha eells, panereas, 604-605 
alpha (a) ehains, hemoglobin, 631 
alpha (a) helix, 75 
a-ketoglutarate, 887, 901 

alpha reeeptors, sympathetie nervous system, 516 

alpha waves, EEG, 485 

ALS (amyotrophie lateral selerosis), 501 

aluminum (Al), 45 

alveolar eapillaries, 661 

alveolar ducts, 798-799 

alveolar glands, 149 

alveolar maerophages, 799 

alveolar proeess, mandible, 246 

alveolar proeesses, skull, 238 

alveolar sae, 798-799 

alveolar ventilation, 801, 807 

alveoli 

blood supply, 661 
functions of, 787 
gas exchange at, 798-799 
gas laws and, 808-809 
squamous epithelium, 142-143 
alveolns, 840 

Alzheimer’s disease (AD), 501 
amaerine eells, eye, 568 
amination, 901 
amino aeids 

amino group, 67 

buffer systems, 975-977 

eatabolism, 901 

hormone derivatives, 588 

hydroxyl group, 67 

muscle proteins, 307 

nntrient pool, 884-885 

protein synthesis, 104-109, 900-901 

structure and fnnetion, 74-75 

synthesis of, 901 

amino group (—NH^), 67, 74-75 
ammonia, 933, 935 
ammonium ions, 901 
amnion, 1032-1039 
amniotie eavity, 1031,1032-1033 
amniotie fluid, 1034-1039 
AMP (adenosine monophosphate), 77 
amphiarthrosis, 281 
amphimixis, 1029 
amphipathie moleenles, 91 
amplitnde, sound waves, 554-555 
^ ampnlla, 550,1008 
I amygdaloid body, 477,478 
H amyotrophie lateral selerosis (ALS), 501 
H anabolie system, 519 
H anabolism, 57, 883, 884-885 
H anaerobie metabolism, 328-331 
H anal eanal, 860 
H anal eolnmns, 860 
H anal reflex, 455 
H anal sphineter, 444-445 
H anaphase, 124-125 
H anaphylaetie shoek, 775 
H anaphylaxis, 535, 775 
W anaplasia, 821 
anastomosis, 655 
Anatomiaf 29 
anatomie dead spaee, 807 
anatomieal neek, humerus, 262 
anatomieal positions, 286 


anatomy 

abdominopelvie quadrants, 31 
abdominopelvie regions, 31 
anatomieal positions, 30-31 
body eavities, 34-35 
body regions, 30-31 
direetion terms, 32 
gross anatomy, 6 
introdnetion to, 3, 6 

levels of organization, human body, 11-17 
maeroseopie anatomy, 6 
mieroseopie anatomy, 6 
organ systems, overview, 16-23 
physiology and, 8-9 
seetional planes, 33 
terminology, 29 
anaxonic nenrons, 398 
anehoring proteins, 91 
aneon (elbow), 347 
aneonens, 349, 372-373,442-443 
androgen-binding protein (ABP), 1001 
androgens. See also testosterone 
adrenal gland and, 603 
blood glneose regnlation, 902-903 
ehemieal structure, 588 
endoerine disorders, 614-615 
growth patterns, 611 
pitnitary gland, 594 
synthesis of, 94, 995 
androstenedione, 995 
anemia, 627, 629, 642 
angioblasts, 659 
angiogenesis, 126-127, 659 
angiography, 677 
angioplasty, balloon, 698 

angiotensin eonverting enzyme (ACE), 726, 939 
angiotensin 11, 726, 730-731, 939 
angle, rib, 257 

angnlar motion, joints, 284-285 
anion, 47,48, 62 
ankle extensors, 382-383 
ankle flexors, 382-383 
ankle j oint 

appendicular skeleton, 291 
blood vessels, 674-675 
body regions, 30 
bone structure, 204 
flexion and extension, 286 
inversion and eversion, 289 
motion of, 285 

mnseles of, 365-367, 382-383 
nerves of, 444-445 
structures of, 272-273 
tibia and fibula, 271 
ankle-jerk reflex, 454-455 
annnlar ligament, elbow, 296 
anorexia nervosa, 908 
anoxia, 801 
ansa eerviealis, 441 
antagonist, muscle movement, 346 
antagonistie effeets, hormones, 609 
antebraehial interosseons membrane, elbow, 296 
antebraehial region, 30 
antebraehinm, 263 
anteenbital region, 30 
anterior, direetional term, 32, 347 
anterior eardiae veins, 693 
anterior eavity, eye, 562-563 
anterior eerebral artery, 668 
anterior ehamber, eye, 562 
anterior eommissnre, eerebrnm, 478, 484 
anterior eommissnre, dieneephalon, 474-475 
anterior eommnnieating artery, 668 
anterior eompartment, arm, 386 
anterior eompartment, leg, 387 
anterior eortieospinal traets, 496 
anterior erneiate ligament (ACL), knee, 297 


anterior fontanelle, 249 
anterior gray eommissnre, 434 
anterior gray horn, spinal eord, 434 
anterior group of thalamie nuclei, 476-477 
anterior interventrienlar artery, 692 
anterior interventrienlar sulcus, 690 
external anatomy, heart, 691 
anterior lobe, eerebellnm, 470-471 
anterior lobe, pitnitary gland, 594 
anterior longitndinal ligament, vertebrae, 292 
anterior margin, tibia, 271 

anterior median fìssnre, spinal eord, 431,433,434 

anterior mediastinnm, 689 

anterior semieirenlar ducts, 550 

anterior spinothalamie traets, 494 

anterior snrfaee, heart, 690 

anterior tibial artery, 387, 662, 674 

anterior tibial vein, 387, 663, 675 

anterior view, body regions, 30 

anterior white column, spinal eord, 435 

anterior white eommissnre, 435 

antibodies, 760-761, 770-774 

antibody titer, 773 

antibody-mediated immnnity, 746, 766-767 
antieodons, 104-105,108 
antidinretie hormone (ADH) 

blood loss, response to, 730-731 
endoerine disorders, 614-615 
kidney fnnetions, 944-945 
negative feedbaek regnlation, 597 
pitnitary gland and, 595 
renal fnnetion overview, 946-947 
sodium balanee, 968-969 
synthesis of, 588, 592-593 
water intake, 540 
antigen binding site, 772-774 
antigen reeognition, 768-769, 770-771 
antigen-antibody complex, 772-774 
antigenie determinant sites, 772-774 
antigen-presenting eells, 766-767 
antigens 

allergies, 775 
blood types, 634-635 
defined, 746 

tumor-specific antigen, 758-759 

anti-inflammatory effeet, 

eortisol, 603 

antiviral proteins, 760-761 
antrnm, 1007 

anneleate, red blood eells, 631 
anulus fìbrosus, 292 
anuria, 955 

anus, 143, 362-363, 860-861 
aorta 

arterial system, 662 
aseending aorta, 6 
baroreeeptors, 526 
blood pressnre and, 7 
ehemoreeeptors, 527 
deseending aorta, 6 
fetal development, 659 
thoraeie eavity, snperior view, 689 
aortie areh 

antonomie nervons system, 511 
external anatomy, heart, 691 
formation of, 659 
gross anatomy, 662, 670 
pnlmonary eirenit, blood flow, 661 
structures and fnnetions, 664 
aortie bodies, 527, 728 
aortie semilunar valve, 694 
aortie sinus, 526 
aortie valve, 694, 696 
apex, heart, 685 
apex, lung, 797 
apex, saernm, 255 
apieal foramen, 840 
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apieal surface, epithelium, 139,140 
apnea, 819 

apneustic eenter, pons, 469, 816-819 
apoerine seeretion, 148 
apoerine sweat glands, 189 
aponenrosis, 19, 308 
apoptosis, 121, 769 
appendieitis, 749, 858 
appendienlar mnseles 

arm movement, mnseles of, 370-373 

deep faseia, 386-387 

foot and toe movement, 382-385 

fnnetion of, 19, 343 

hand movement, mnseles of, 372-377 

leg movement, 380-381 

loeations and names, 348-349 

overview of, 365-367 

peetoral girdle, 368-369 

thigh movement, 378-379 

of trnnk, 366-367 

appendienlar skeleton, 18, 203, 259, 291. See also 

speeifie bones 
appendix, 31, 741, 749, 858 
appetite eontrol, 912 
appositional growth, 157, 212-213 
aquaporins, 945 
aqueous humor, 563 
aqueous solutions, 61 
araehidonie aeid, 72 
araehnoid grannlation, 467 
araehnoid mater, eranial, 466 
araehnoid mater, spinal eord, 432-433 
araehnoid membrane, 466,467 
araehnoid trabeenlae, 466 
arbor vitae, eerebellnm, 471 
arenate arteries, 930,1010-1011 
arenate fibers, 484 
arenate line, 267 
arenate veins, 930 
areola, mammary gland, 1013 
areolar tissue 

eardiae mnsele tissne, 686-687 
entaneons membrane, 160 
dermis, 175 
digestive traet, 830 
parietal perieardinm, 688 
respiratory system, 788 
serons membranes, 160 
strnetnre and fnnetion, 152 
testes, 995 
arm 

blood vessels of, 664-665 
body regions, 30 
bone fraetnres, 225 
bone strnetnres, 262-263 
deep faseia, 386-387 
fetal development, 216-217 
long bones, 204-205 
lymphaties of, 741 
mnsele terminology, 347 
mnseles of, 365-367 
nerves of, 442-443 
sternoelavienlar joint, 291 
armpit, 30 
arousal, sexual, 999 

arreetor pili muscle, 175,186, 188, 514, 522 

arrhythmia, eardiae, 714-715 

arterial anastomosis, 655, 692 

arterial blood pressnre, 717 

arteries 

abdominal viseera, 672 

adrenal glands, 602-603 

angiogenesis, 659 

arterial system, overview, 662-663 

body temperatnre regnlation, 914-915 

bones, blood snpply to, 207 

brain, 668 


eervieal vertebrae, 252 
deseending aorta, branehes from, 670 
digestive traet, 831 
elastie, mnsenlar, and arterioles, 653 
eye, 568 

fetal blood flow, birth ehanges, 676 
foramina, sknll, 240 
fnnetion of, 20, 623 
gas diffnsion, 798-799, 809 
head, 666 

heart, external anatomy, 690-693 

hypophyseal arteries, 593 

integnment strnetnres, 175 

kidneys, 930-931 

leg eompartments, 387 

liver, 867, 868-869 

lower limb, 674 

neek, 666 

penis, 998 

pnlmonary artery, 797 

pnlmonary eirenit, 651, 660-661 

smooth mnsele tissne, 15 

spinal eord, 436 

spleen, 753 

systemie eirenit, 651 

thyroid gland, 598 

nmbilieal eord, 1038 

uterus, 1008-1011 

vascular pressure and resistanee, 717-721 
wall structures, 652-653 

arterioles, 653, 851, 930 
arterioselerosis, 698-699 
arteriovenous anastomosis, 655 
arthritis, 298-299 
arthritis, rhenmatoid, 778 
arthroplasty, 305 
arthroseope, 298-299 
arthroseopie snrgery, 299 
artienlar eapsnle 
elbow, 296 
shoulder joint, 294 
synovial joints, 282-283 
artienlar eartilage, 207 
arthritis, 298-299 
hip joint, 295 
knee, 283 
shonlder joint, 294 
synovial joints, 282-283 
artienlar dises, knee joint, 283 
artienlar faeet, ribs, 257 
artienlar faeet, vertebrae, 251 
artienlar proeesses, vertebrae, 251 
artienlation, speeeh, 793 
artienlations. See joints 
artifieial joints, 299 

artifieially indneed aetive immnnity, 765 

artifieially indneed passive immnnity, 765 

arytenoid eartilage, 792-793 

aseending aorta, 6, 661, 662, 690, 691 

aseending eolon, 845, 858 

aseending traets, spinal eord, 435 

aseites, 845 

aseorbie aeid, 905 

assoeiation fibers, eerebrnm, 484 

asthma, 795, 815 

astral rays, 124-125 

astroeytes, 400-401,466, 606 

asynehronons motor unit snmmation, 325 

ataxia, 471 

ateleetasis, 802-803 

atheroselerotie plaque, 897 

atlantoaxial joint, 285, 291 

atlantooeeipital joint, 291 

atlas, eervieal vertebrae, 252, 291 

atomie mass, 44 

atomie mass unit (amu), 44 

atomie number, 44-45 


atomie weight, 44-45, 55 
atoms 

ehemieal notation, 54-55 
defined, 11 
structure of, 43-47 
ATP (adenosine triphosphate) 
aetive transport, 117 
beta-oxidation, 898-899 
eellnlar metabolism, 883-889 
eitrie aeid eyele, 885, 886-887, 895 
eleetron transport system, 885, 888-889, 895 
energy from, 77 
glyeolysis, 894-895 
mitoehondria, 98-99 
muscle eontraetions, 318-319, 328-331 
pyrnvate eatabolism, 893 
synthesis of, 591 
ATP synthase, 888-889 
ATPase, 318-319 
atresia, 1006 
atria of heart 

arrhythmias, 715 
blood pressnre and, 7 
borders of heart, 685 
eardiae eyele, 701-703 
eardiae muscle tissue, 686-687 
eongenital defeets, 677 
eontraetion of, 695-697 
fetal blood flow, 676 
gross anatomy, 6, 651 
stroke volume, 710-713 
thoraeie eavity, superior view, 689 
valves, 694-697 
atrial diastole, 702-703 
atrial fibrillation, 715 
atrial natrinretie peptide (ANP), 727 
atrial systole, 702-703 
atrioventrienlar (AV) node, 704-705 
atrioventrienlar septal defeet, 677 
atrioventrienlar (AV) valves, 694-697 
atrophy, 334 

anditory assoeiation area, 482-483 

anditory cortex, 482-483 

anditory ossieles, 233, 247, 546, 547, 555, 577 

anditory tube, 546, 547, 791 

auricle, 546, 690, 691 

auricular, musclc terminology, 347 

auricular surface, 255, 267 

autoantibodics, 778 

antograft, 183 

autoimmune disorders 

multiple selerosis (MS), 427 
myasthenia gravis, 335 
overview, 778 
rhenmatoid arthritis, 778 
thyroiditis, 778 
type 1 diabetes, 778 
antomatie ganglia, 509 

antomatieity, heart rate, 704-705 m 

antonomie eenters, hypothalamns, 475 H 

antonomie eenters, mednlla oblongata, 468 H 

antonomie ganglia, 399 H 

antonomie nervons system (ANS) H 

antonomie plexuses and ganglia, 511 H 

baroreeeptors, 526 H 

blood loss, response to, 730-731 H 

ehemoreeeptors, 527 H 

enterie nervons system, 510-511 H 

ganglionie nenrons, 509 H 

heart rate, eontrol of, 708-709, 712-713 H 

innervation patterns, 514-515 H 

kidneys, 931, 938-939 H 

motor eontrol, levels of, 528-529 
nenrotransmitters, effeets of, 420, 516-517 
organization of, 395, 512-513 
parasympathetie division, 510, 519 
respiratory reflexes, 818-819 
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autonomic nervous system (ANS) {continued) 

spinal nerve structures, 436 
stress response, 612-613 
sympathetie division, 510, 518 
viseeral motor eontrol, 521-532 
viseeral reflexes, 524-525 

autonomic reflexes, 468-469, 524-525, 818-819 
antonomie tone, 521 

autoregulation, eardiovasenlar system, 724 

antosomal ehromosomes, 1051-1057 

AV bundle, 704-705 

AV node, 704-705, 708-709 

avasenlar, defíned, 141 

axial mnseles 

extrinsic eye mnseles, 354 
faeial expression, 352-353 
fnnetion of, 19, 343 
groups of, 351 

loeations and names, 348-349 
mastieation, 355 
neek, anterior mnseles, 357 
oblique and rectus muscles, trunk, 360-361 
pelvie floor mnseles, 362-363 
pharynx, 356 
tongue, 356 
of trunk, 366-367 
vertebral column, 358-359 
axial skeleton, 18, 203, 233, 291 
axillary artery, 662, 664 
axillary lymph nodes, 741 
axillary nerve, 440, 442-443 
axillary region, 30 
axillary vein, 663, 665, 667 
axis, eervieal vertebrae, 252 
axolemma, 396-397 
axon hilloek, 396-397,418-419 
axon terminal, motor nenrons, 316-317 
axon terminal, nenrons, 396-397 
axon terminal, synapses, 417 
axons 

eerebellnm, 470-471 
fnnetions and structures, 165, 396-398 
graded potentials, 410-411 
motor nenrons, 316-317 
postsynaptie potentials, 418-419 
Schwann eells, 402-403 
signal transmission, 405-421 
axoplasm, 396-397 
axoplasmic transport, 396 
azygos vein, 671, 745 




B eells 

aetivation of, 770-771 

antibodies, structure and fnnetions, 773-774 
immune response overview, 776-777 
immune system disorders, 778-779 

Babinski sign, 454-455 
baek, body regions, 31 
baek of elbow, 31 
baek of knee, 31 
baeteremia, 643 
baeteria, large intestine, 861 
balanee, sense of 
aging and, 577 

eerebellnm, eontrol of, 470-471 
ear hair eells, 550-551 
sensory reeeptors, 395 
somatie motor pathways, 496-499 
vestibnloeoehlear nerve, 556 
balaneed diet, 906-907, 915 
ball-and-soeket joints, 285, 294, 295 
balloon angioplasty, 698 
band eells, 627 

bandage, muscle terminology, 347 


bare area, liver, 867 
baroreeeptor reflex, 725 

respiratory system regnlation, 816-819 
viseeral reflexes, 525-526 

baroreeeptors 

blood loss, response to, 730-731 
blood pressnre regnlation, 666, 725 
fnnetion of, 490-495 

basal body, 93 

basal body temperatnre, 1015 
basal eell eareinoma, 179 
basal eells 

epidermis, 177 
gnstatory eells, 541 
olfaetory epithelinm, 539 
basal eompartment, testes, 995 
basal lamina, 140 
basal metabolie rate (BMR), 911 
basal nuclei, cerebrum, 478-479,496-499 
base, ehemieal, 65, 74-75, 974 
base, epithelium, 139 
base, heart, 685 
base, sacrum, 255 
basement membrane 

enboidal epithelinm, 144 
epidermis, 177 

psendostratified eolnmnar epithelinm, 147 
respiratory membrane, 799 
respiratory system, 788-789 
stratified squamous epithelium, 143 
structure of, 140 
basie, defined, 974 
basilar artery, 666, 668 
basilar membrane, 552, 553, 554-555 
basilar zone, endometrium, 1010-1011 
basilie vein, 663, 665 
basolateral snrfaees, epithelinm, 139 
basophilie erythroblasts, 633 
basophils, 155, 625, 627, 638-639 
BelBs palsy, 507 
belly, mnseles, 344 

benign prostatie hypertrophy (BPH), 1018 
benign tumor, 126 
beta eells, panereas, 604-605 
beta (p) ehains, hemoglobin, 631 
beta reeeptors, sympathetie nervons system, 516 
beta (p) sheet, 75 
beta waves, EEG, 485 
beta-oxidation, 898 
biearbonate ions (HGO^ ) 
buffer systems, 65, 975-981 
earbonie aeid, 65 
plasma levels, 933 
sonrees and fnnetions, 966-967 
stomaeh, 849 
urine, 933 

biearbonate reserve, 977 
bieeps, muscle terminology, 347 
bieeps braehii muscle 

arm eompartments, 386 
arm movement, 372-373 
attaehment sites, 263 
deep faseia, 386 
elbowjoint, 296 
loeation of, 348, 366-367 
movements of, 346 
nerves of, 442-443 
origin and insertion, 346 
shonlder joint, 294 
structure of, 344 

bieeps femoris muscle, 297, 349, 380-381, 387, 

444-445 

bieeps reflex, 454-455 
bicuspid valve, 694, 696 
bicuspids, 840 

bifid spinous proeess, eervieal vertebrae, 252 
bile, 869 


bile canaliculi, 869 
bile duct, 847, 869 
bile ductules, 869 
bile salts, 896 
bilirubin, 632 
biliverdin, 632 

biology, organism eharaeteristies, 4-5 

bioprosthetie valve, 697 

biotin, 905 

bipolar eells, eye, 568 

bipolar nenrons, 398 

birth eontrol, 1016-1017 

1.3- bisphosphoglyeerate, 894-895 

2.3- bisphosphoglyeerate (BPG), 811 
bitter reeeptors, taste buds, 542 
bladder, urinary. See nrinary bladder 
blast eells, blood, 627 
blastoeoele, 1030-1031 
blastoeyte, 1030-1031 
blastodise, 1032-1033 
blastomeres, 1029 

bleaehing, vision, 573 
blind spot, 568 
blindness, eolor, 571 
blood. See also blood vessels 
aeidosis, 64 
alkalosis, 64 

alveoli, gas exchange, 787 
blood eells, 12 

blood loss, response to, 730-731 

bone marrow and, 626-627 

bones, blood supply to, 207, 210-211, 213 

bones, fetal development of, 214-217 

bones, fnnetion of, 203 

ealeinm regnlation, 221-223, 601 

eardiovasenlar system structures, 623 

elotting response, 640-641, 642 

eomponents of, 624-625 

disorders of, 642-643 

endoerine system and, 20 

exchange of materials, 654-655, 721-723 

extracellular fluid circulation, 155 

fluid balanee regnlation, 968-969 

as fluid eonneetive tissue, 151,155 

fracture hematoma, 224-225 

functions of, 20, 623 

gas transport, 810-813 

hematology, 629 

hemoglobin, structure of, 75 

hemolytie disease of newborn, 636-637 

kidneys, fnnetions of, 923, 933, 936-937 

lipids (HDLs, LDLs, VLDLs), 897, 903 

nntrient pool, 884-885 

pH, 64 

pregnaney and, 1042-1043 
pnlmonary eirenit, 651 

red blood eell structure and fnnetion, 630-631 
red blood eells, synthesis and replaeement, 632-633 
renal failnre, 948-949 
storage solntions, 115 
systemie eirenit, 651 
transfnsions, 635 
typing, antigens of, 634-635 
white blood eells types and fnnetions, 638-639 
blood eell formation (erythropoiesis), 20, 21, 

632-633 

blood elotting (eoagnlation), 25-26,155,194-195 
blood eolloid osmotie pressnre (BCOP), 722-723,937 
blood flow, determinants of, 720-721 
blood glneose levels 

diabetes mellitns, 607 
normal values, 933 

regulation of, 20, 603, 604-605, 902-903 
stress response, 613 
blood pressnre 

baroreeeptor reflexes, 818-819 
blood flow, determinants of, 720-721 
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eardiae eyele and, 702-703 

eardiae output and, 717 

eardiovasenlar system regnlation, 724-731 

heart beat and, 7 

kidneys and, 20, 923, 938-939 

portal hypertension, 869 

regnlation of, 513, 518, 595, 666 

sympathetie aetivation, 518 

blood vessels. See also blood; speeifìe 

vessel names 

abdominal and thoraeie eavities, 670-671, 689 

adrenal glands, 602-603 

aging and, 189 

angiography, 677 

aortie areh, branehes of, 664 

arm, 374, 664 

arterial and venous systems, overview, 662-663 
arteries and vein wall structures, 652-653 
body temperature regulation, 914-915 
bones, blood supply to, 158, 207, 210-211, 213, 
266-267 

bones, fetal development of, 214-217 
elotting response, 640-641 
eompartment syndrome, 387 
eongenital defeets, 677 
eoronary artery disease, 698-699 
diabetes mellitns, 607 

digestive traet, 672-673, 831, 851, 858-859 

elastie tissue, 154 

endothelium, 142-143 

epidermis, 177 

epithelia, 141 

exchange of materials, 654-655 
eye, 562, 564, 568, 744 
fetal eirenit, birth ehanges, 676-677 
formation of, 659 
fnnetion of, 20 

gas diffnsion, 798-799, 801, 809 
great vessels, 688-689 
hair papilla, 186 

head and neek, 240-241, 246, 252, 466, 666-669 

heart, external anatomy, 6, 690-693 

heart valves, 694-697 

hypothalamns, 593 

inflammation, 167 

integnment, 175 

kidneys, 930-931, 935 

liver, 867, 868-869 

lower limb, 387, 674-675 

lung, 651, 660-661, 797 

muscle fiber types, 332-333 

nails, 190 

nasal eavity, temperatnre regnlation and, 791 

nervons system eontrol, 514, 516, 522, 526, 527 

ovaries, 1005 

penis, 998 

periehondrinm, 157 

pressnre and resistanee, 595, 717-721 

pnlmonary eirenit, 651, 660-661 

regnlation of blood flow, 468, 475 

skeletal mnseles, 308 

skin eolor and, 179 

smooth muscle structures, 164, 832-833 

spinal eord, 432-433, 436 

snperior vena eava, branehes of, 665 

sympathetie innervation, 514 

thyroid gland, 598 

nmbilieal eord, 1038 

nrinary system, 923, 924, 930-931, 935 

uterus, 1008-1011 

venipuncture, 642 

venous system, blood volume of, 656-657 
vertebral foramen, 250, 251 
of viseera, 672-673 

blood volume 

blood loss, response to, 730-731 
extracellular fluid circulation, 155 


heart rate and, 712-713 
venous system, 656-657 

blood-brain barrier, 401, 466, 475, 746 

blood-testis barrier, 995 

blood-thymus barrier, 751 

blue bloaters, 815 

blue eones, 571 

body, epididymis, 996 

body, gallbladder, 870 

body, mandible, 246 

body, mnseles, 344 

body, panereas, 604, 871 

body, penis, 998 

body, seapnla, 261 

body, sphenoid bone, 242 

body, thoraeie eage, 256 

body, tongue, 838 

body, uterus, 1009 

body eavities, 14, 34-35 

body eomposition, 963, 967 

body position 

cerebellum, eontrol of, 470-471 
skeletal mnseles, fnnetions of, 307 
somatie motor pathways, 496-499 
body regions, 30-31, 347 
bodystalk, 1036-1037,1040 
body temperatnre 
aging and, 189 
blood, fnnetions of, 623 
burns, effeets of, 182-183 
death and, 75 
exergonic reaetions, 58 
fever, 755, 762-763, 955 
heart rate and, 712-713 
inflammation, 167 

integnmentary system fnnetions, 175 
mnseles, energy eonversion and, 53 
nenrotransmitters, effeets of, 420 
oxygen-hemoglobin satnration, 811 
regnlation of, 26, 663, 911-915 
respiratory system and, 787, 791 
skeletal mnseles, fnnetion of, 307 
sweat glands, 185 
body weight 

lipids, pereentage weight, 71 
muscle tissue, pereentage weight, 343 
organ systems, pereentage weight of eaeh, 393 
protein, pereentage weight, 74 
tissue types, pereentages of, 163 
bodybuilding, 393 
Bohr effeet, 811 
bolus, 834-835, 843, 865 
bone marrow 

blood synthesis, 203, 632-633 
eapillaries, 655 

formed elements, blood, 626-627 
fnnetion of, 18 
lymphatie system and, 741 
retienlar tissue, 153 
spongy bone structures, 211 
bones (osseons tissue). See also joints 
abnormalities of, 218-219 
ankle, 272-273 

appendienlar skeleton, 203, 259, 291 
appositional growth, 212-213 
arm, 262-263 

axial skeleton, 203, 233, 291 

blood supply, 158,159, 207, 210-211, 213 

bone eells, 12 

ealeinm, 12 

eartilage and, 156,158 

eell types, 159 

elassifieation and markings, 204-205 
eonneetive tissue, 14 
dense eonneetive tissue, 154 
fetal development of, 213-217,1033 
foot, 272-273 


fraetnres, 224-225 

growth and remodeling, 158, 209, 212-213, 611 
injnries to, 279 
leg, 270-271 

long bones, structure and fnnetion, 206-207 
matrix eell types, 208-209 
as mineral reservoirs, 221-223 
muscle tissue, attaehment, 15, 308 
nerve tissnes in, 213 
nntrient supply, 207 
osteons, 210-211 
osteoporosis, 293 
peetoral girdles, 260-261 
riekets, 193 
skull, 234-239 
strength of, 209, 210, 211 
structure and fnnetion, 18,158-159, 203 
thoraeie eage, 256-257 
trabeenlae, 210-211 
vertebral column, 250-254 
wrist and hand, 264-265 
bony joints, 281 
bony labyrinth, 546, 548 
borders, heart, 685 
boron (B), 45 
botnlism, 335 
Bowman's eapsnle, 928 
Bowman's glands, 539 
Boyle's law, 802-803 
braehial, mnsele terminology, 347 
braehial artery, 374, 386, 662, 664 
braehial plexus, 440-443 
braehial region, 30 
braehial vein, 663, 665 

braehialis muscle, 348, 372-373, 386,442-443 
braehioeephalie trunk, 662, 664, 666, 691 
braehioeephalie vein, 663, 665, 667, 671 
braehioradialis muscle, 346, 348, 349, 386,442-443 
braehioradialis reflex, 455 
brachium, 262 
bradyeardia, 708-709 
brain 

anaxonic nenrons, 398 
ataxia, 471 

blood vessels, 654, 660-661, 666-669 
eerebellnm, 464-465, 470-471 
eerebrospinal fluid, 400-401, 432, 433, 465, 467, 

475, 527 

cerebrum, 464-465, 478-479, 482-483 

dieneephalon, 474-475 

EEG (eleetroeneephalogram), 485 

fetal development, 463,1040 

fontanelles, 248-249 

foramen magnum, 240 

function of, 19 

ganglionie nenrons, 509 

gnstatory pathway, 543 

hemispheres, fnnetional areas, 483 

internal oeeipital erest, 241 m 

landmarks on, 480-481 I 

limbie system, 476-477 I 

lobes, fnnetions of, 482-483 I 

mednlla oblongata, 464-465, 468 I 

meninges, 466 H 

midbrain, 464-465, 472-473 I 

motor eontrol, 496-499, 509 I 

nervons system disorders, 500-501 H 

nervons system organization and fnnetions, H 

528-529 I 

neural stem eells, 397 H 

neural tissue, 165 H 

neuronal pools, 447 ^ 

nenrotransmitters, effeet of, 420 

olfaetory pathway, 538 

pons, 464-465, 469 

reflexes, diagnostie testing of, 454-455 

respiratory system regnlation, 816-819 
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brain {continued) 

stress response, 612-613 

structures and functions, 464-465, 482-483 

synapses, 417 

viseeral motor eontrol, 509 

visual pathway, 574 

white matter, 484 

braín natrinretie peptide (BNP), 727 
brain stem 

autonomic nervons system, 528-529 
antonomie nuclei, 509 
equilibrium, sense of, 556 
hypothalamns and, 475 
motor eontrol, 496-499, 528-529 
nenrotransmitters, effeets of, 420 
somatie motor nuclei, 509 
structures and fnnetions, 464-465 
visual pathway, 574 
brain vesieles, 463 
brain waves, 485 
breast eaneer, 1019 
breast region, 30 

breathing. See also pnlmonary ventilation 

(breathing) 

airflow pattern, 794-795 
alveoli, gas exchange, 798-799 
asthma, 795 
gas diffnsion, 808-809 
gas pressnres and, 802-803 
gas transport, 810-813 
internal and external respiration, 801 
lungs, lobes of, 796-797 
pnlmonary disease, 814-815 
pnlmonary volnmes and eapaeities, 804 
regnlation of, 806-807, 816-819 
respiratory mnseles, 804-805 
upper respiratory structures, 787-795 
via mouth or nose, 791 
brevis, mnsele terminology, 347 
bridge of the nose, 790-791 
broad ligament, 1005 
Broea’s area, 29,482-483 
bronehi, 21, 788, 794-795 
bronehial arteries, 670, 798-799 
bronehial tree, 796-797 
bronehial veins, 671 
bronehioles, 787, 794-795 
bronehitis, 815 
bronehoeonstrietion, 795 
bronehodilation, 795 
bronehopnlmonary segments, 796-797 
bronehns, 787 

brnsh border, small intestine, 851 
bneeal phase, swallowing, 843 
bneeal region, 30 

bneeinator, mnsele terminology, 347 
bneeinator mnsele, 352-353, 838 
bnffer, defíned, 65, 974 
bnffer systems, 65, 973, 975-977 
bulb of penis, 998 

bulbospongiousus muscle, 362-363,444-445 
bulbourethral gland, 149, 989, 990, 996-997, 999 
bnlging dise, vertebrae, 293 
bnlimia, 908 

bundle branehes, 704-705 
burns, 182-183 
bursa, knee joint, 283, 297 
bursa, shoulder joint, 294 
bnttoek, 31 


e 


e (elear) eells, thyroid gland, 223, 598 
cadmium (Cd), 45 
eaffeine, 857 
ealeaneal region, 31 


ealeaneal tendon, 29, 273, 349, 382-383 
ealeanens, 272-273, 349, 382-385 
ealeitonin, 221-223, 598, 600-601, 609 
ealeitriol, 175,193, 221-223, 588, 609, 611 
ealeinm (Ca) 

blood elotting proeess, 640 
blood levels, regulation of, 20 
bone eells, 12, 208, 221-223 
bone strength and, 209 
bones, storage in, 158, 203 
eardiae muscle eontraetions, 706-707 
ehemieal notation, 54-55 
eleetrolytes, 63 

hormone binding, effeets of, 590-591 
ion pumps, 117 
metabolism of, 175 

muscle eontraetions, 311, 318-319, 706-707 
muscle tension, 321, 323 
pereent of body weight, 45 
regnlation of, 600-601 

sliding filament theory of eontraetion, 312-313 
sonrees and fnnetions, 966-967 
synapses, 416-417 
vitamin D3 and, 193 

calcium earbonate, 158 

calcium phosphate (eaPO^), 63,158 

ealf, body regions, 31 

callus formation, bone fraetnres, 224-225 

ealmodnlin, 590 

Calories, 906-907 

calsequestrin, 311 

ealvaria, 235 

cAMP (eyelie AMP), 590, 594-595 

CAMs. See eell adhesion moleenles (CAMs) 

eanal, bone structure, 205 

canaliculi, 159, 208 

cancellous, 206-207 

eaneer 

breast eaneer, 1019 
eell growth and division, 126-127 
eoloreetal, 873 
lenkemia, 643 
lungs, 820-821 
ovarian eaneer, 1019 
prostate eaneer, 1018 
skin eaneer, 179 
testienlar eaneer, 1018 
tumor-specific antigens, 758-759 
eapaeitation, 996-997 
eapillaries, blood 

alveoli, gas exchange, 798-799 
blood elotting response, 640 
blood eomponents, transport of, 624-625 
dermis, 180 
epidermis, 179 

exchange of materials, 654-655, 721-723 
eye, 562-563 

fenestrated eapillaries, 593 
formation of, 659 
fnnetion of, 20, 623 
gas diffnsion, 809 
hepatie portal system, 868-869 
hypophyseal portal system, 593 
kidneys, 931, 935 
muscle fiber types, 332-333 
pulmonary and systemie eirenits, 651 
small intestine, 851 
spinal eord, 436 
wall structure, 653 
wound repair phases, 194-195 
eapillaries, lymphatie, 742-743 
eapillary bed, 655 
eapillary exchange, 717, 721 

eapillary hydrostatie pressnre (CHP), 721, 722-723 
eapillary pressnre, 717 
eapitate, 264-265 

eapitis (head), muscle terminology, 347 


capitulum, humcrus, 262 
capitulum, ribs, 257 
capsular eolloid osmotie pressure, 937 
capsular hydrostatie pressure (CsHP), 937 
capsular ligaments, knee joint, 283 
eapsnlar spaee, neprhon, 928-929 
earbaminohemoglobin (HbeO^), 812-813 
earbohydrates 

blood glneose regnlation, 902-903 
body eomposition, 963 
bone storage of, 221 
energy from, 892-893 
glycocalyx, 90 
glyeolipids, 90 
glyeolysis, 99 
glyeoproteins, 90 
hydroxyl group, 67 
proteoglyeans, 90 
structure and fnnetion, 68-69 
earbon (C) 

eovalent bonds, 49 
lipids, 70-71 
organie eomponnds, 67 
pereent of body weight, 45 
earbon dioxide (eO^). See also respiration 
aeid-base balanee, 975, 978-979 
aeid-base disorders, 977 
biologieal proeesses, 5 
eellnlar metabolism, 885 
ehemoreeeptors, 527 
eovalent bonds, 49 
gas laws and diffnsion, 809 
respiratory aeidosis and alkalosis, 980-981 
earbon monoxide (CO), 810-813 
earbonie aeid (H^eO^) 
aeid-base balanee, 975 
buffer systems, 65, 975-981 
earbon dioxide transport, blood, 812-813 
dissoeiation, 65 
sonrees of, 973 

earbonie anhydrase, 812-813, 849 

carboxyl group (—COOH), 67, 74-75 

carboxypeptidase, 900 

eareinomas, 1019 

eardia, stomaeh, 846-847 

eardiae aetion potentials, 706-707 

eardiae arrest, 715 

eardiae arrhythmias, 714-715 

eardiae eyele, 701-703 

eardiae muscle tissue. See muscles, eardiae 

eardiae nerve, 709 

eardiae output, 704-705, 712-713, 717 

eardiae paeemaker, 704-705 

eardiae plexus, autonomic nervons system, 511, 

514, 515, 709 
eardiae skeleton, 697 
eardiae tamponade, 689 
eardinal veins, 659 

eardioaeeeleratory eenter, 709, 720, 724 
eardioaeeeleratory reflex, 525 
eardioeytes, 164 

eardioinhibitory eenter, 709, 720 
eardiopnlmonary splanehnie nerves, 514 
eardiovasenlar eenters, mednlla oblongata, 468, 

475, 518, 525, 720, 724, 729 
eardiovasenlar system. See also blood; blood 

vessels; heart 
arrhythmias, 714-715 
arterioselerosis, 698-699 

blood, pressnre and volume regulation, 610, 666 
blood loss, response to, 730-731 
eardiae muscle eontraetions, 164 
eardioaeeeleratory reflex, 525 
eongenital heart defeets, 677 
eoronary artery disease, 698-699 
diabetes mellitns, 607 
elastie tissue, 154 
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eleetroeardiogram (ECG), 714-715 
endoerine system and, 20 
endothelinm, 142-143 
fetal development, 1033 
introdnetion to, 16-17, 20 
nervons system, 399, 518, 519, 522, 526, 527 
pereentage of body weight, 343 
perieardial eavity, 34 
potassinm balanee, 971 
pnberty, ehanges in, 1048-1049 
regnlation of, 468,475, 526, 527, 724-731 
stress response, 612-613 
strnetnres of, 623 
total eholesterol levels, 897 
total peripheral resistanee, 718-719 
valvnlar heart disease, 697 
vasenlar pressnre and resistanee, 717-721 
earditis, 697 
earotene, 178 
earotid arteries 

baroreeeptors, 526 
branehes of, 662, 664, 666 
earotid eanal, 240 
ehemoreeeptors, 527 
external anatomy, heart, 691 
thyroid gland, 598 
earotid bodies, 527, 728 
earotid eanal, 240, 241 
earotid sinns, 526, 527, 666 
earpal bones 

appendienlar skeleton, 259 
bone strnetnre, 204 
earpal tnnnel syndrome, 373 
mnseles of, 365-367, 372-377 
nnmbers of, 264-265 
earpal region, 30 
earpal tnnnel syndrome, 373 
earpi, mnsele terminology, 347 
earpometaearpal joints, 285, 289 
earpns, 264-265 

earrier proteins, 91,111,116-117 
earrier-mediated transport, 111,116-117 
eartilage 

arthritis, 298-299 
bone abnormalities, 218-219 
bones, fetal development, 214-215 
eomparison to bone, 158 
dense eonneetive tissne, 154 
hip joint, 295 
joint elassifieations, 281 
larynx (voiee box), 792-793 
oblique and rectus muscles, 360-361 
structure and fnnetion, 18,151,156-157 
synovial joints, 282-283 
thoraeie eage, 256 
vertebrae, 251 
eartilaginons joint, 281 
eatabolism, 56, 883, 884-885 
eatalysts, enzymes as, 58-59 
eataraet, 576 
eateeholamines, 588 
eation, 47,48, 62 
eanda equina, 430,433 
caudal, direetional term, 32 
eandate lobe, liver, 867 
eandate nucleus, cerebrum, 478-479 
cavernous sinus, 669 
eavities, body, 14, 34-35 
CD (cluster of differentiation) markers, 768 
CD4 markers, 768 
CD4 T eells, 768, 770-771 
CD8 markers, 768 
CD8 T eells, 768 
cecum, 858 

eeliae plexus, autonomic nervons system, 511, 512, 

514, 515, 931 

eeliae trunk, 662, 670, 672 


eell adhesion moleenles (CAMs), 141 
eell body, nenrons, 165, 396-398 
eell division, 121-125 
eentrioles, 93 
interphase, 122-123 
mitosis, 124-125 
neural tissue, 165, 397 
tumors and eaneer, 126-127 
eell membrane. See plasma membrane 
eell nucleus, 101 
eell theory, 12-13, 87 
eell-mediated immunity, 746, 766-767 
eells 

eaneer, 126-127 

eell division, 121-125 

ehemieal messengers, 9 

eomponents of, 88-89 

eytoskeleton, 90, 92-93 

defined, 11 

differentiation, 87 

energy for, 53 

Golgi apparatns, 96-97 

intereellnlar attaehments, types of, 140 

introdnetion to, 12-13 

life eyele, 121 

lipids, structure and fnnetion, 70-71, 72 

malignant, 126-127 

membrane {See plasma membrane) 

membrane transport meehanisms, 111-119 

mieroseopy, image examples, 137 

mitoehondria, 98-99 

muscle eell types, 164 

nucleus, 101-103 

protein synthesis, 104-109 

ribosomes, 94-95 

size of, 87 

types in body, 12-13 

cellular trophoblase 1031 
cellulose, 892 
cementum, 840 

eentimeters of water (em H^O), 803 

eentral adaptation, 491 

eentral arteries, spleen, 753 

eentral eanal, osteon, 159, 210 

eentral nervons system (CNS). See also brain; 

neural tissue; spinal eord 
eerebrospinal fluid, 467 
development from neural tube, 463 
disorders of, 500-501 
glial eells, 165, 400-401 
introduction to, 19 
long reflexes, 524-525 
mnltiple selerosis (MS), 427 
neural circuits, 447 
neural tissue, 15, 399 
neuroglia, 15,165, 400-401 
neurotransmitters, aetion on, 420 
organization and fnnetions, 529 
reflexes, diagnostie testing of, 454-455 
reflexes, fnnetion of, 448-449 
sensory pathways, 489 
sensory reeeptors, 490-495 
streteh reflex, 450-451 
structures and fnnetions, 395 
testosterone, effeets of, 1001 
eentral regulation, eardiovasenlar system, 724 
eentral sulcus, 476-477,480-481 
eentral tendon of perinenm, 362-363 
eentral vein, 869 
eentrioles, 88, 93,124-125 
eentromere, 103,124-125 
eentrosome, 89, 93 
eephalie, direetional term, 32 
eephalie phase of gastrie seeretion, 856-857 
eephalie region, 30, 31 
eephalie vein, 663, 665 
eerebellar artery, 668 


eerebellar cortex, 470-471, 528-529, 556 
eerebellar pednneles, 471,473 
eerebellar veins, 669 
eerebellnm 

blood vessels, 668-669 
development from neural tube, 463 
equilibrium, sense of, 556 
motor eontrol, 496-499 
nenrotransmitters, effeets of, 420 
pons and, 469 
sensory pathways, 495 
structures and fnnetions, 464-465, 470-471 
eerebral aqueduct, brain, 465 
eerebral arterial eirele, 668 

eerebral cortex, 420,464-465, 474-475,496-499, 

816-819 

eerebral hemispheres, 464-465,480-481 
eerebral palsy, 501 
eerebral pednneles, 472-473 
eerebrospinal fluid (CSF), 400-401 

brain ventrieles, 465 
ehemoreeeptors, 527 
hypothalamns and, 475 
lumbar puncture, 433 
spinal eord, 432 
structures and fnnetions, 467 
cerebrum 

blood vessels, 668-669 
development from neural tube, 463 
hemispheres, functional areas, 482-483 
hypothalamns and, 475 
limbie system, 476-477 
olfaetory pathway, 538 
structures and fnnetions, 464-465, 478-479 
visual pathway, 574 
white matter, 484 
cerumen, 546 
ceruminous glands, 546 
eervieal eanal, 1008 
eervieal eaneer, 1019 
eervieal curve, 250 

eervieal enlargement, spinal nerves, 430 
eervieal lymph nodes, 741 
eervieal plexus, 440-441 
eervieal region, body, 30, 31 
eervieal spinal nerves, 430-431,455 
eervieal spine 
ligaments, 292 
loeation and fnnetion, 250 
sealenes, 360-361 
structures of, 240, 251, 252 
vertebral column mnseles, 358-359 
eervieal sympathetie ganglia, 514, 709 
eervieal vertebra, 240, 251 
eervieis, muscle terminology, 347 
cervix, 1005,1009,1012 

cGMP (eyelie gnanosine monophosphate), 572-573 
ehannel proteins, 91,141 
eheek, 30, 352-353, 838 
ehemieal bonds, 47-51 
ehemieal digestion, stomaeh, 848-849 
ehemieal elements, human body, 45 
ehemieal gradients, 407 
ehemieal level of organization 
atoms, structure of, 43-47 
earbohydrates, 68-69 
ehemieal notation, 54-55 
energy of reaetions, 53 

enzymes and aetivation energy, 58-59, 76-77 
introdnetion to, 11 
lipids, 70-73 

nneleie aeids (DNA, RNA), 78-79 
organie eomponnds, 67 
pH and homeostasis, 64-65 
proteins, 74-75 
states of matter, 50-51 
water, importanee to body, 61 
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ehemíeal messengers 

feedbaek, positive and negative, 25-26 
intereellnlar attaehments, 140 
introdnetion to, 9 

nervons and endoerine system, 587 
ehemíeal reaetions 

ehemieal notation, 54-55 
deeomposition reaetions, 56 
energy from, 53 
enzymes and, 58-59, 76-77 
exchange reaetions, 57 
synthesis reaetions, 56-57 
water and, 61 
ehemieal symbols, 45 
ehemieal synapses, 416-417 
ehemieally gated ehannels, 408-411 
ehemoreeeptor reflexes, defined, 728 
ehemoreeeptors 

blood loss, response to, 730-731 
eardiovasenlar system regnlation, 728 
digestive system, 835, 856-857 
fnnetion of, 490 

respiratory system regnlation, 816-819 
tongne, taste and, 540-541 
viseeral reflexes, 525, 527 

chemotaxis, phagoeytes, 757 

ehest region, 30 

ehest wall injnries, 689 

chewing, 865 

chickenpox, 437, 785 

ehief (zymogenie) eells, 849, 857 

ehildhood, 1047 

ehin, 30, 238 

ehloride shift, 812-813 

ehlorine (Cl) 

aetion potentials, mnsele eontraetions, 314-315 

ehemieal notation, 54-55 

eleetrolytes, 62, 63 

ion pnmps, 117 

ionie bonds, 48 

ions, 47 

kidney fnnetion, 935, 942-943, 946-947 
osmotie eoneentration gradient, 942-943 
pereent of body weight, 45 
resting potential, eell membrane, 406-407 
sonrees and fnnetions, 966-967 
eholeealeiferol, 193 
eholeeystitis, 872 

eholeeystokinin (CKK), 854-855, 870, 900, 912 
eholesterol 

atheroselerotie plaque, 698-699 
elevated levels of, 908 
hormones derived from, 588 
lipid transport and storage, 897 
structure and fnnetion, 72, 91 
synthesis of, 94 
eholinergie reeeptors, 517 
eholinergie synapses, 416-417 
^ ehondroblasts, 157 
I ehondroeytes, 156, 214-215, 282-283 
H ehondroitin snlfates, 156 
H ehordae tendineae, 694, 696 
H ehorion, 1034-1039 
H ehorionie villi, 1036,1038 
H ehoroid, eye, 562-563 
H ehoroid plexus, 467,474,478, 654 
H ehromatids, 124-125 
H ehromatin, 103 
H chromium (Cr), 45 
H ehromosomes, 1006-1007 
H eell division, overview, 121 

W formation of, 103 

genes and inheritanee, 1051-1057 
meiosis, 992-993 
mitosis, 124-125 
ehronie bronehitis, 815 

ehronie obstrnetive pnlmonary disease (COPD), 815 


ehronie renal failnre, 948-949 
ehylomierons, 896 
ehyme, 846, 857 
ehymotrypsin, 900 
eilia 

ependymoeytes, 400-401 
epithelinm, structure of, 139 
mieroseopy, image examples, 137 
organ of Gorti, 553 

psendostratified eolnmnar epithelinm, 147 
respiratory system, 788-789 
structure and fnnetion, 88, 93 
nterine tubes, 1009 
eiliary body, eye, 562-563, 564 
eiliary ganglia, 513, 515 
eiliary muscle, eye, 563, 566 
eiliary proeesses, 563 
eiliary zonule, 563, 564, 566 
eiliated columnar epithelia 
respiratory system, 788-789 
eiliated epithelinm, nterine tube, 1009 
eimetidine, 873 
eingnlate gyrus, 476-477 
eireadian rhythms, 589, 606 
eirele, muscle terminology, 347 
eirele of Willis, 668 
eirenlar folds, 831, 850-853 
eirenlar layer of smooth muscle, small 

intestines, 850 

eirenlar muscle layer, stomaeh, 847, 848 
circular muscles, 344 

circulation. See also blood vessels; eardiovasenlar 

system 

biologieal proeesses, 4-5 
of blood, 651 

extracellular fluid circulation, 155 
lymphatie system, 741 
skin eolor and, 178-179 

eirenlatory eollapse, 731 
eirenlatory shoek, 731 
circumduction, joints, 284-285, 287 
eirenmferential lamellae, 211, 213 
circumflex artery, heart, 692 
eirrhosis, liver, 872 
eis faee, 96 

eisterna ehyli, 741, 745 
eisternae, 94, 96-97 
eitrate, 887 
eitrie aeid, 886-887 

eitrie aeid eyele, 99, 328-331, 885, 886-887, 

895, 899 

CKK (eholeeystokinin), 854-855, 870, 900, 912 
eiass 1MHC proteins, 766-767, 768 
eiass 11MHC proteins, 767, 768, 770-771 
claustrum, 478 
elaviele 

aeromioelavienlar joint, 294 
appendienlar skeleton, 259 
arm movement, mnseles of, 370-371 
joint motion, 285 
mnseles of, 348, 357, 365-369 
peetoral girdle, 260-261, 368-369 
shonlder joint, 294 
clavicular noteh, 260-261 
elear layer, 140 
eleavage, zygote, 1029 
eleavage furrow, 125 
eleft palate, 279 

elitoris, 23, 362-363,1003,1004,1012 

elones, 765 

elosed fraetnres, 225 

eiostridiam tetanij 335 

elot retraetion, 641 

club hair, 187 

clubfoot, 218 

coagulation (blood elotting), 25-26,155, 640-641 
eoated vesieles, 118 


eobalamin, 905 

eobalt (Co), 45, 967 

eoeeygeal, muscle terminology, 347 

eoeeygeal cornu, 255 

eoeeygeal nerve, 430-431 

eoeeygeal region, spine, 250, 251, 255 

eoeeygens muscle, 362-363 

coccyx, 18, 233, 255, 268-269 

eoehlea, 548 

eoehlear braneh, 557 

eoehlear duct, 548, 549, 552-553 

eoehlear nerve, 552, 557 

eodominanee, 1054-1055 

eodons, 104-109 

eoenzyme A, 898-899 

eoenzyme Q, 889 

eoenzymes, 886-887, 904-905 

eofaetor, defíned, 45 

eognitive fnnetion, eerebral cortex and, 482-483 

eolitis, 873 

eollagen 

arthritis, 298-299 
blood vessels, 652-653 
bone growth and, 213 
bone matrix, 209 
dermis, structures of, 180-181 
epimysium, skeletal muscles, 308 
growth hormone (GH), 192 
intervertebral dises, 292 
osseons tissue, 158 
selera, eye, 564 
structure of, 7 5 
wound repair phases, 195 
eollagen fibers, 152 
eollateral arteries, 655 
eollateral branehes, nenrons, 397 
eollateral ganglia, 512 
eolleeting duct, nephrons, 929 
eolleeting system, kidneys, 929, 934-935 
Colles fraetnre, 225 
eolloid, defined, 63 
eolloid osmotie pressnre, 937 
eolon 

baroreeeptors, 526 
blood vessels, 670-673 
eaneer of, 873 
flatus, 892 
fluid balanee, 964 
structures and fnnetions, 858-861 
colony-stimulating faetors, 627 
eolor blindness, 571 
eoloreetal eaneer, 873 
eolostrnm, 1046 

eolnmnar epithelia, 139,146-147 

eolnmns, spinal eord, 435 

eomblike, muscle terminology, 347 

eomminnted fraetnre, 225 

eommissnral fibers, eerebrnm, 484 

eommon bile duct, 867, 870 

eommon earotid artery, 527, 662, 664, 666, 691 

eommon fíbnlar nerve, 444-445 

eommon hepatie artery, 670, 672 

eommon hepatie duct, 870 

eommon iliae artery, 662, 670, 674 

eommon iliae vein, 663, 671, 675 

eommon pathway, blood elotting, 641, 642 

eommnnieating rami, 436 

eompaetbone, 158, 206-211, 215, 224-225 

eompaetion, defíned, 837 

eompartment syndrome, 387 

eompartments, deep faseia and, 386-387 

eompartments, leg, 387 

eompatible blood types, 635 

eomplement, 755 

eomplement system, 760-761, 763, 774 
eomplementary base pairs, 79 
eomplementary strands, 79 
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eomplete antigen, 111.-11 
eomplete blood eonnt (CBC), 629 
eomplete proteins, 907 
eomplete tetanns, 324 
eomplianee, Inngs, 814-815 
eomponnd, defined, 48 
eomponnd alveolar (aeinar) glands, 149 
eomponnd fraetnres, 225 
eomponnd glands, 149 
eomponnd mieroseope, 136-137 
eomponnd tnbnlar glands, 149 
eomponnd tnbnloalveolar glands, 149 
eompression forees, bones, 206 
eompression fraetnre, 225, 293 
eoneentration gradient, 112-113 
eoneentrie eontraetion, 326 
eoneentrie lamellae, osteon, 210 
eondensation reaetions, 57 
eondoms, 1016 

eondneting portion, respiratory traet, 787 

eondneting system, heart rate, 704-705 

eondnetion, heat transfer, 913 

eondnetive deafness, 577 

eondylar joints, 285 

eondylar proeess, 246 

eondyle, bone strnetnre, 205 

eondyle, hnmerns, 262 

eones, eye, 568-571 

eongenital heart defeets, 677 

eongenital talipes equinovarus, 218 

conjunctiva, 560 

eonjnnetivitis, 561 

eonneetive tissue 

blood vessels, 652-653 
bone abnormalities, 218-219 
eartilage, 156-157 
enboidal epithelinm, 144 
defined, 135 
dermis, 175 
difFerentiation, 87 
flnid eonneetive tissne, 155 
introdnetion to, 14,151 
mediastinnm, 35 
pereentage of body weight, 163 
selera, eye, 564 

stratified squamous epithelium, 143 
testes, 995 

eonneetive tissue proper, 151 

connexons, 141 

eonoid tnberele, elaviele, 260 

eonstant segments, antibodies, 772-774 

eonstipation, 873 

continuous eapillary, 654 

continuous propagation, aetion potentials, 414 

eontraetility, heart, 711 

eontraetion eyele, skeletal mnseles, 318-319 

eontraetion phase, muscle tension, 323 

eontraetions, labor and delivery, 1044-1045 

eontraetions, muscle. See muscle eontraetions 

eontralateral reflex are, 453 

eontrol eenter, homeostasis, 25, 26 

eontrol segment, 106 

conus medullaris, 430 

eonveetion, heat transfer, 913 

eonvergenee, neural circuits, 447 

eonvergent mnseles, 344 

eOPD (ehronie obstrnetive pnlmonary 

disease), 815 
eopper (Cu), 45, 967 
eoraeoaeromial ligament, 294 
eoraeobraehialis muscle, 366-367, 370-371, 386, 

442-443 

coracoclavicular ligament, 294 
eoraeohnmeral ligament, 294 
eoraeoid proeess, seapnla, 261, 372-373 
eoraeoid proeess, shonlder joint, 294 
eords, braehial plexus nerves, 442-443 


Cori eyele, 331 
eornea, 560, 562-563, 564 
eorneal epithelinm, 560 
eorneal limbus, 562-563 
corniculate eartilage, 792-793 
eorona radiata, 1007,1028 
eoronal plane, 33 
eoronal seetion, 33 

eoronal suture, skull, 235, 238, 239, 249 

eoronary arteries, 691, 692 

eoronary artery disease, 698-699 

eoronary isehemia, 699 

eoronary ligament, liver, 867 

eoronary sinus, 691, 693 

eoronary sulcus, 690, 691 

eoronoid fossa, humerus, 262 

eoronoid proeess, mandible, 246 

eoronoid proeess, radius and ulna, 263 

eorpora eavernosa, 998 

eorpora quadrigemina, 472-473 

corpus albieans, 1007 

corpus callosum, 465,476-477,478, 484 

corpus cavernosum, 998-999 

corpus luteum, 1007 

corpus spongiosum, 998, 999 

corrugator supercilii muscle, 352-353 

cortex, hair, 186 

cortex, ovary, 1005 

cortex, thymus, 751 

eortieal nephrons, 927 

eortieal radiate arteries, 930 

eortieal radiate veins, 930 

eortieobnlbar traets, 496 

eortieospinal pathway, 496-497 

eortieospinal traets, 496 

eortieosteroids, 588, 602-603 

eortieosterone, 603 

eortieotropin, 594 

eortieotropin-releasing hormone (CRH), 594, 

596-597 
eortisol, 603 
eortisone, 603 

eostal, muscle terminology, 347 
eostal eartilages, 233, 256 
eostal faeets, ribs, 257 
eostal faeets, thoraeie vertebrae, 253 
eostal groove, rib, 257 
eostal proeess, 252 
eostal tnberosity, elaviele, 260 
eostimnlation, 768 
eotransport, 116-117 
eonghing reflex, 525, 817, 819 
countercurrent exchange, 915 
countercurrent mnltiplieation, 942-943 
eonntertransport, 116-117 
eovalent bonds 
energy from, 56 
lipids, 70-71 
organie eomponnds, 67 
Cowper's gland. See bulbourethral gland 
coxal bones, 266-267 
eranial, direetional term, 32 
eranial bones, 234-237 
eranial eavity, 234-235 
eranial meninges, 466 
eranial nerves 

antonomie nervons system, 510, 513 

balanee, sense of, 556 

of brain stem, 473 

branehes and fnnetions, 486-487 

eervieal plexus, overview, 441 

ehemoreeeptors, 527 

gustatory pathway, 543 

hearing, sense of, 557 

mednlla oblongata and, 468 

pons and, 469 

salivary reflex, 864 


somatie motor pathway, 496-497 
sympathetie innervation, 514 
viseeral reflexes, 525 

eranial reflexes, 448-449 
eranial region, 30 

eraniosaeral division, nervons system, 510 
eraninm. See also skull 
axial skeleton, 233 
blood vessels, 666-667 
bones of, 234-235 
ereatine phosphate (CP), 328-331 
ereatinine, 933, 935 
eremaster muscle, 991 
eremasterie reflex, 455 
erenation, 115 
erest, bone structure, 205 
eribriform plate, 241, 243, 538 
erieoid eartilage, 356, 792-793 
erista ampullaris, 550 
erista galli, 241, 243, 466 
eristae, 98-99, 887 
eross seetion, deflned, 33 
eross-bridges, myosin, 318-319, 321, 322 
erossed extensor reflexes, 453 
crown, tooth, 840-841 
erneiate ligament, knee joint, 283 
crude touch and pressnre reeeptors, 490-495 
crural region, 30 
crus of penis, 998 
erypts of Lieberktihn, 850 
cuboid bone, 272-273 
enboidal epithelia, 139,144, 789 
enneiform bones, foot, 272-273 
enneiform eartilage, larynx, 793 
cupula, 550 
Cushing’s disease, 615 
enspids, teeth, 840 
cusps, heart valves, 694 
cutaneous, muscle terminology, 347 
cutaneous membrane, skin, 18,160,175,185 
cutaneous plexus, 175,180 
cuticle, hair, 186,187 
cuticle, nail, 190 
eyanide, 889 
eyanosis, 179 
eyelosporin A, 778 
eystie artery, 672 
eystie duct, 870 
eystie fibrosis (CF), 789 
eystie vein, 673 
eystitis, 955 
eysts, 1019 

eytoehromes, 888-889 
eytokines, 760-761, 770-771 
eytokinesis, 121,122,124-125, 1029 
eytoplasm, 88,148 
eytosine, 78-79,104-109 
eytoskeleton 

epithelial tissues, 140 m 

introduction to, 88, 89 I 

structure and fnnetion, 90, 92-93 H 

eytosol H 

aetion potentials, muscle eontraetions, 314-315 H 
body eomposition, 963 H 

bnffer systems, 975-977 I 

defined, 88 I 

fluid balanee, 965 H 

resting potential, eell membrane, 406-407 H 

skeletal muscle eontraetions, 311 H 

sodium balanee, 968-969 H 

cytotoxic T (TJ eells, 746, 768-769, 776-777 I 




daltons, 44 
Dalton’s law, 808-809 
daneer's fraetnre, 273 
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dartos muscle, 991 
daughter eells, 121,125,157 
De Humani Corporis Fabrieaf 29 
deafness, 577 
deamínation, 901 
death, rigor mortis, 335 
deeibels, 554-555 
deciduous teeth, 841 
deeomposition reaetions, 56 
deenssation, 468 
deenssation of pyramids, 496 
deep, direetional term, 32 
deep anterior eompartment, arm, 386 
deep cortex, lymph node, 749 
deep faseia, 161 
deep femoral artery, 662, 674 
deep femoral vein, 663, 675 
deep fibnlar nerve, 444-445 
deep lymphaties, 744-745 
deep palmar areh, 665 
deep posterior eompartment, leg, 387 
deep radial nerve, 442-443 
deep transverse perineal muscle, 362-363 
defeeation, 519, 837 
defeeation reflex, 525, 528, 860-861 
deflation reílex, 819 
degenerative arthritis, 298-299 
degenerative joint disease, 298-299 
deglntition (swallowing), 525, 842-843 
dehydration. See also íluid balanee 
diarrhea, 987 
effeets of, 965 

respiratory system and, 787, 791 

dehydration synthesis 
amino aeid reaetions, 74 
disaeeharide synthesis, 69 
lipids, 71 
meehanism of, 57 
nneleie aeids (DNA, RNA), 78-79 
dei Liuzzi, Mondino, 29 
delta eells, panereas, 604 
delta symbol, 49 
delta waves, EEG, 485 
deltoid, muscle terminology, 347 
deltoid muscle 

arm movement, 370-371 
deep faseia, 386 
faseiele organization, 344 
gross anatomy, 348, 349, 366-367 
nerves of, 442-443 
deltoid tuberosity, humerus, 262 
dementia, 501 
denatnration, proteins, 75 
dendrites, 165, 396-398,418-419 
dendritie (Langerhans) eells, 177, 749 
dendritie spines, 396-398 
dens, eervieal vertebrae, 252 
dense bodies, smooth mnseles, 832 
^ dense eonneetive tissue, 151,154 
H dense irregnlar eonneetive tissue, 154 
I dense layer, 140, 937 
H dense regnlar eonneetive tissue, 154 
H dental areades, 841 
H dental plaque, 841 
H denticulate ligaments, 433 
H dentin, 840-841 
H deoxyhemoglobin, 631 

H deoxyribonucleic aeid. See DNA (deoxyribonucleic 

H aeid) 

H depolarization, membrane potential, 315,410-415 
H Depo-Provera, 1016 
W depression, joint movement, 289 
depressor, muscle terminology, 347 
depressor anguli oris muscle, 352-353 
depressor labii inferioris muscle, 352-353 
depth pereeption, vision, 574 
dermal bones, 216-217 


dermal papillae, 176-177,180 
dermatomes, spinal nerves, 437 
dermis 

aging and, 191 
bnrns, 182-183 
fnnetion of, 18 
skin pigmentation, 178-179 
stmetnres of, 175,180-181 
wound repair phases, 194-195 
deseending aorta, 6, 661, 662 
deseending eolon, 845, 859 
deseending genienlar artery, 662 
deseending traets, spinal eord, 435 
desmosomes, 140-141, 687 
detrnsor muscle, 953, 954 
development 

biologieal proeesses, 4-5 
endoerine disorders, 615 
fertilization, 1028-1029 
fetal organ systems, 1040-1041 
gastrulation, 1032-1033 
gestation, stages of, 1027 
life stages, 1047 
plaeenta, 1034-1039 
pnberty, 1047-1049 
regnlation of, 20, 611 
diabetes mellitns, 607, 778 
diabetie nephropathy, 607 
diabetie retinopathy, 607 
diapedesis, phagoeytes, 757 
diapedesis, white blood eells, 638 
diaphragm 

arteries serving, 670 
antonomie nervons system, 511 
blood vessels, 670-671 
defined, 34 

gross anatomy, 360-361, 847 
heart, position of, 688-689 
loeation of, 21, 34, 35 
nerves of, 441 
respiration and, 804 
veins draining, 671 
diaphragm (eontraeeptive), 1016 
diaphragmatie snrfaee, spleen, 752 
diaphysis, bone structure, 205, 206-207, 215 
diarrhea, 987 

diarthrosis, 281, 283, 292-293 
diary, diet and, 906-907 
diastole, 701-703 
diastolie pressnre, 721 
dierotie noteh, 703 
dieneephalon, 463,464-465, 

474-477, 574 
diet, balaneed, 906-907 
diíferential count, white blood eells, 639 
differentiation, 87 
diffnsion 

eapillaries, 721-723 
defined, 111 

epithelial tissnes, 140-141 
meehanism of, 112-113 
respiratory membrane, 799 
squamous epithelium, 142-143 

diffnsion, faeilitated, 116 
digastrie muscle, 357 
digestion 

biologieal proeesses, 4-5 
earbohydrates, 892-893 
deeomposition reaetions, 56 
defined, 837 

gallbladder, 863, 870-871 
Golgi apparatns, 97 
hormonal regnlation, 854-855 
lipids, 896-897 
liver, 863, 866-869 
nntrient pool and, 891 
panereas, 863, 870-871 


phases of gastrie seeretions, 856-857 
proteins, 900-901 
salivary glands, 863 
simple eolnmnar epithelinm, 146 
stomaeh, 848-849 

digestive system. See also digestive traet 

aeeessory organs, 863-873 

antonomie nervons system, 511, 522 

baroreeeptors, 526 

eells, nntrient absorption and, 13 

disorders of, 872-873 

epithelial tissue, 14 

fetal development, 1033 

gallbladder, 863, 870-871 

gross anatomy, 829 

hormonal regnlation, 854-855 

hunger and satiety, 912 

introdnetion to, 17, 22 

liver, 863, 866-869 

lymphatie structures, 741 

mierovilli, 139 

movement throngh, 834-835 
mucous membranes, 160 
nervons system, 399 
obesity, snrgieal treatments, 881 
organs and fnnetions, 837 
panereas, 863, 870-871 
parasympathetie aetivation, 519 
pereentage of body weight, 343 
phases of gastrie seeretions, 856-857 
pnlmonary eirenit, blood flow, 660 
salivary glands, 863, 864-865 
simple eolnmnar epithelinm, 146 
smooth muscle tissue, 15,163 
digestive traet 

endoerine fnnetion, 589 
gross anatomy, 829, 837 
hormones, ehemieal structure, 588 
intestinal traet, 850-853 
large intestine, 858-861 
mesenteries, 844-845 
movement throngh, 834-835 
muscle tissues, 830-835 
oral eavity, 838-839 
potassium balanee, 970-971 
stomaeh, 846-848 
swallowing, 842-843 
teeth, 840-841 
digitafi 30 

digital arteries, 662, 664 

digital subtraction angiography (DSA), 699 

digital veins, 663, 665, 675 

digits, body regions, 30 

diglyeeride, 71 

dihydroxyacetone phosphate, 894-895 

dilate, defined, 167 

dilation stage, labor, 1045 

dipeptidase, 900-901 

dipeptide, 74 

diploid eells, 992-993 

direetional terms, 32, 347 

disaeeharide, 68-69 

dises, visual pigment moleenles, 570 

diseases, human genome map of, 1057 

disloeation, joints, 283, 296 

displaeed fraetnre, 225 

disseeting mieroseope, 6 

disseminated intravasenlar eoagnlation 

(D1C), 643 

dissoeiation, 62-63, 65 
dissolving eomponnds 

ionization (dissoeiation), 62-63 
solnbility, 61 
water and, 51 

distal, direetional term, 32 

distal eonvolnted tubule (DCT), 928, 934-935, 

940-941, 946-947 
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distal phalanx, 264-265, 272-273 
distal radionlnar joint, 263 
distension, pereeption of, 399 
dinretie medieation, 971 
divergenee, nenral eirenits, 447 
dizygotie twins, 1041 
DNA (deoxyribonucleic aeid) 
eell nucleus, 89,102-103 
genes and inheritanee, 1051-1057 
hormone binding, efFeets of, 591 
interphase, 122-123 
mitoehondria, 98-99 
protein synthesis, 104-109 
structure and fnnetion, 78-79 
tumors and eaneer, 126-127 
DNA heliease, 123 
DNA ligases, 123 
DNA polymerase, 123 
DNA repíieation, 123 
dopamine, 588 
dorsal, direetional term, 32 
dorsal aorta, 659 

dorsal interosseus muscles, 376-377, 384-385 
dorsal mesentery, 844-845 
dorsal ramus, 436, 438-439 
dorsal region, 31 

dorsal regnlatory group (DRG), 816-819 

dorsal root, spinal eord, 431,432,433 

dorsal root ganglion, 431 

dorsal seapnlar nerve, 442-443 

dorsal venous areh, 663, 675 

dorsalis areh artery, 674 

dorsalis pedis artery, 662, 674 

dorsiflexion, 286 

double eovalent bond, 49 

double helix, 79 

Down’s syndrome, 1056 

dual innervation, 521 

Duchenne/Becker muscular dystrophy 

(DBMD), 334 
ductus arteriosus, 676 

ductus deferens, 23, 989, 990-991, 996, 997, 999 

ductus venosus, 676-677 

duodenal ampnlla, 870, 871 

dnodenal glands, 519 

dnodenal papilla, 870 

dnodenal ulcer, 873 

duodenum 

blood vessels, 670-671, 672-673 
epidermal growth faetor (EGF), 192 
gland structures, 149 
gross anatomy, 846-847 
structures and fnnetions, 852-853 
dura mater, eranial, 466, 467 
dura mater, spinal eord, 432-433 
dural folds, 466 
dural sinuses, 466, 667, 669 
dyserasias, 629 
dysplasia, 821 




ear 

aging and, 577 
anditory ossieles, 247 
basilar membrane (piteh and volume), 
554-555 

body labyrinth, 548 
body regions, 30 
eoehlear duct, 552-553 
eranial nerves, 486-487 
elastie eartilage, 156 
hair eells, 549, 550-551 
membranons labyrinth, 548-549 
nasopharyngeal meatus, 791 
sensory reeeptors, 545 
skull surface markings, 238, 239 


structures and fnnetions, 546-547 
vestibnloeoehlear nerve, 556-557 

eating disorders, 908 

eeeentrie eontraetions, 327 

eetoderm, 1032-1033 

eetopie bones, 219 

edema, 723, 745, 955 

EEG (eleetroeneephalogram), 485 

effeetor, homeostasis, 25, 26 

effeetors, neural tissue, 395,448-449,478 

efferent arteriole, 931, 936-937 

efferent ductule, scrotum, 991 

efferent fìbers, 399 

efferent lymphaties, 749 

egg nests, 1007 

eieosanoids, 71, 72, 588 

ejaenlation reflex, 525, 997, 999 

ejaenlatory duct, 990-991, 999 

elastase, 900 

elastie arteries, 653 

elastie eartilage, 156,191 

elastie fìbers, 152 

blood vessels, 652-653 
dermis, structures of, 180-181 
elastie rebound, 693 
elastie tissue, 154 
elbow joint 

appendicular skeleton, 291 
body regions, 30, 31 
flexion, 286 

humerus, radius, and ulna, 262-263 
motion of, 285 
muscle movements, 346 
muscle terminology, 347 
mnseles of, 372-373 
nerves of, 442-443 
structure and fnnetion, 8, 296 
eleetrieal eharge 

aetion potentials, muscle eontraetion, 314-315 
diffnsion and, 113 
eleetron cloud, 44 
graded potential, 410-411 
motor nenrons, 316-317 
nonpolar and polar moleenles, 49 
skeletal muscle eontraetion, 311 
snbatomie partieles, 43 
eleetrieal gradients, 407 
eleetrieal synapse, 417 
eleetroeardiogram (ECG), 7, 714-715 
eleetroehemieal gradients, 407 
eleetroeneephalogram (EEG), 485 
eleetrolytes 

balaneing gains and losses, 966-967 

blood eomponents, 625 

body eomposition, 963 

in body fluids, 63 

burns, effeets of, 182-183 

defined, 62 

potassinm balanee, 970-971 
regnlation of, 595 
renal failnre, 948-949 
sodium balanee, 968-969 

eleetron mieroseope, 6,136-137 
eleetron transport system, 328-331, 885, 

888-889, 895 
eleetrons 

eovalent bonds, 49 
defined, 43 

eleetron cloud, 43, 44-45 
energy levels of, 46-47 
ionie bonds, 48 

eleetron shell, 44 
element, defìned, 44 
elements, human body, 45 
elements, moles and, 55 
elevation, joint movement, 289 
elongation, protein synthesis, 109 


embryo. See also fetal development 
gastrnlation, 1032-1033 
pre-embryo, 1030-1031 
skeletal muscle development, 309,1027 
uterus and, 23,1009 
embryology, 1027 
embryonie development, 1027 
embryonie dise, 1032-1033 
emergeney eontraeeption, 1017 
emigration, phagoeytes, 757 
emigration, white blood eells, 638 
emmetropia, 575 
emphysema, 815 
emnlsifìeation, 870 
emnlsifìeation, lipids, 896 
enamel, tooth, 840 

end-diastolie volume (EDV), 710, 713 
endergonie reaetions, 58 
endoeardinm, 6, 686-687 
endoehondral ossifìeation, 213-215 
endoerine eommnnieation, 587 
endoerine glands 

seeretion methods, 148 
structure and fnnetion, 138-139 
endoerine panereas, 604 
endoerine system 

adrenal glands, 602-603 
antonomie nervons system, 512, 522 
blood, pressnre and volume 
regulation, 610 

eardiovasenlar system regnlation, 724-731 
diabetes mellitns, 607 
digestive system regnlation, 854-855 
endoerine disorders, 614-615 
enteroendoerine eells, 835 
female reprodnetive eyeles, 1014-1015 
fetal development, 1033 
growth, eontrol of, 611 
hormones, ehemieal structure, 588-589 
hormones, target eell binding, 590-591 
hormones, types of effeets, 609 
hypothalamns, 592-593 
intestinal glands, 850-851 
introdnetion to, 16-17, 20 
kidney fnnetion, 938-939 
negative feedbaek meehanisms, 596-597 
panereas, 604-605, 871 
parathyroid hormone, 600-601 
pereentage of body weight, 343 
pineal gland, 606 
pitnitary gland, 594-595 
stress response, 612-613 
structures and fnnetions, 589 
thyroid, 598-599 
nterine eyele, 1010-1011 
endoeytosis, 118 
endoderm, 1032-1033 
endolymph, 548, 550, 553, 577 

endolymphatie duct, 551 m 

endolymphatie sae, 551 H 

endometrium, 1008,1010-1011,1015 I 

endomysium, 308 H 

endoneurium, 436 H 

endoplasmie reticulum (ER), 88-89, 94-95,139 H 

endosomes, 118,119 H 

endostenm, 210, 211, 213 H 

endothelins, 640 H 

endothelinm, 142-143, 653, 654 H 

end-systolie volume (ESV), 710, 713 H 

energeties, 911-915 H 

energy H 

aetivation energy, 58-59 ^ 

balaneed diet, 906-907 
biologieal proeesses, 4-5 
from earbohydrates, 68-69, 892-893 
earrier-mediated transport, 116-117 
eellnlar metabolism, 883-889 
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energy {continued) 

from ehemieal reaetions, 53 
eitrie aeid eyele, 99, 886-887 
deeomposition reaetions, 56 
defined, 53 

eleetron transport system, 888-889 

eleetrons, 46-47 

endergonie reaetions, 58 

energeties, 911 

enzymes and, 76-77 

exergonic reaetions, 58 

fat eells, 12 

glyeolysis, 99, 894-895 
heat eapaeity, water, 61 
high-energy reaetions (AMP, ADP, ATP), 77 
lipids, 71 

mitoehondria, 89, 98-99 
mnsele eontraetions, 325, 328-333 
mnseles, storage in, 307 
nntrient pool, 884-885 
parasympathetie aetivation, 519 
phosphate gronp, 67 
pyrnvate eatabolism, 893 
stress response, 612-613 
sympathetie aetivation, 518 
synthesis reaetions (anabolism), 57 
yellow bone marrow, 206-207 
enterie nervons system, 510-511 
enterogastrie reflux, 857 
enteropeptidase, 900 
enzymes 

amino aeid (protein) metabolism, 900-901 

earbohydrate metabolism, 892-895 

eell nnelens, 102-103 

eell strnetnres, 89 

eellnlar energy, 884-889 

eofaetors, 45 

digestive enzymes, 837, 839, 846, 848-849, 851, 
854-857, 863, 864, 870-871 
DNA replieation, 123 
fnnetion of, 58-59 
Golgi apparatns, transport by, 96-97 
hormone binding, effeets of, 590-591 
introdnetion to, 76-77 
lipid metabolism, 894-899 
lysosomes, 118 

lysozymes, 561, 756, 865, 898,1046 
nenrons, 396 
plasma membrane, 91 
protein strnetnres, 75 
temperatnre and, 75 
vitamins and, 904-905 
enzyme-substrate complex, 76 
eosinophils, 152,155, 625, 627, 638-639, 757 
ependyma, 400-401 
ependymal eells, 400-401, 559 
ependymoeytes, 400-401 
epieardinm, 6, 686-687 
^ epieranial aponenrosis, 352-353 
I epidermal growth faetor (EGF), 192 
I epidermal ridges, 176-177,180 
H epidermis 
I aging and, 191 

I bnrns, 182-183 

I fnnetion of, 18 

I pigmentation of, 178-179 

I strnetnres and fnnetions, 176-177 

I strnetnres of, 175 

I wound repair phases, 194-195 

I epididymis, 23, 989, 990-991, 996 
H epidnral spaee, 432 
W epigastrie region, 31 
epigeneties, 1051 
epigenome, 1057 
epiglottis, 540, 543, 792-793 
epilepsy, 485 
epimysinm, 308 


epinephrine (E) 

adrenal gland and, 592 
blood glucose regulation, 903 
blood loss, response to, 730-731 
eardiovasenlar system regnlation, 724-731 
ehemieal structure, 588 
endoerine disorders, 614-615 
fluid balanee regnlation, 969 
fnnetions and eontrol of, 603 
nervons and endoerine system eomparisons, 587 
permissive effeets, 609 
stress response, 612-613 
structure and fnnetion, 420 
sympathetie aetivation, 518 
sympathetie nervons system, 516 
epineurium, 436 
epiphyseal artery, 207 
epiphyseal eartilage, 215 
epiphyseal closure, 215 
epiphyseal fracture, 225 
epiphyseal line, 207, 215, 281 
epiphyseal plate, 215 
epiphyseal vein, 207 
epiphysis, 206-207, 215, 218 
epithalamns, 474-475 
epithelial eolnmns, 185 
epithelinm (epithelia) 

eardiae muscle tissue, 686-687 
cellular intereonneetions, 140-141 
eellnlar structure, 139 
columnar epithelinm, 146-147 
enboidal epithelinm, 144 
defined, 135 
differentiation, 87 
digestive traet, 830-831, 892 
epidermal growth faetor (EGF), 192 
epidermis, 176-177 
eye, 563 

glandnlar epithelinm, 148-149 
growth hormone, 595 
lung eaneer, 821 
mucous membranes, 160 
olfaetory epithelinm, 538, 539 
oral eavity, 838 

pereentage of body weight, 163 
regeneration, 166-167 
respiratory system, 788-789, 791, 799 
squamous epithelium, 142-143 
stratified columnar epithelinm, 147 
structure and fnnetion, 14, 138-141 
synovial membrane, differenees between, 161 
taste reeeptors, 540-541 
thymie epithelial eells, 751 
transitional epithelinm, 145 
nterine eyele, 1010-1011 
eponychium, 190 
eponym, 29 

equilibrium, ehemieal reaetions, 57,114 
equilibrium, regulation of, 470-471 
equilibrium, sense of 

aging and, 577 
ear hair eells, 550-551 
ear structures and fnnetions, 546-547 
nervons system and, 19 
neuroepithelium, 138-139 
sensory reeeptors, overview, 545 
vestibnloeoehlear nerve, 556 
equilibrium potential, 407 
ereetile dysfnnetion (ED), 999 
ereetile tissue, 998 
ereetion, 999 

ereetor spinae mnseles, 358-359, 367 
erythema, 182 
erythroblastosis fetalis, 637 
erythroeytes (red blood eells) 

ATP generation, 811 

blood typing antigens, 634-635 


buffer systems, 975-977 
hematology, 629 
hemoglobin structure, 75 
kidneys and, 20 
prodnetion of, 610 
skin eolor and, 179 
spleen and, 21 

structure and fnnetions, 12,155, 624-625, 
630-631 

synthesis and replaeement, 60, 203, 206-207, 
632-633 

erythropoiesis (blood eell formation), 20, 21, 203, 

206-207, 610, 633 

erythropoietin (EPO), 610, 627, 726, 730-731 

esophageal arteries, 670 

esophageal hiatus, 843 

esophageal phase, swallowing, 843 

esophageal plexus, autonomic nervons system, 511 

esophageal sphineter, 843 

esophageal veins, 671 

esophagns 

antonomie nervons system, 511 
blood vessels, 666-667 
digestive traet, 829, 837 
enterie nervons system, 511 
esophagitis, 872 
fnnetion of, 22 
gland structures, 149 
stratified squamous epithelium, 143 
swallowing, 842-843 
thoraeie eavity, snperior view, 689 
essential fatty aeids, 899 
estradiol, 1014-1015 
estrogen 

adrenal gland and, 603 

birth eontrol, 1016 

blood glneose regnlation, 902-903 

ehemieal structure, 588 

endoerine disorders, 614-615 

female reprodnetive eyele regnlation, 1014-1015 

folliele-stimnlating hormone, 594 

growth patterns, 611 

hormone regnlation, 597 

ovaries, 1004-1005 

plaeenta, 1039 

pnberty, ehanges in, 1048-1049 
structure and fnnetion, 72 
synthesis of, 94 

ethmoid air eells, 245, 790 
ethmoid bone 
falx eerebri, 466 
nasal complex, 245 
olfaetory organs, 538 
orbital complex, 244 
paranasal sinnses, 790-791 
shapes and markings, 243 
skull, 234-241 
ethmoidal labyrinth, 243 
Enstaehian tube, 29, 546 
evaporation, fluid balanee, 964-965 
evaporation, heat transfer, 913 
eversion, foot movement, 289 
excess postexercise oxygen eonsnmption 

(EPOC), 331 

exchange pump, 116-117 
exchange reaetions, 57 
excitation-contraction eonpling, muscle 

eontraetion, 316-317, 321-325 
excitatory postsynaptie potential (EPSP), 418-419 
excretion. See also nrinary system 
biologieal proeesses, 4-5 
integumentary system fnnetions, 175 
exercise, heart rate and, 712-713, 729 
exergonic reaetions, 58 
exhaustion phase, stress response, 613 
exocrine glands, 138-139,148-149,185, 871 
exocrine panereas, 604-605 
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exocytosis, 96-97,119,148 
exons, 107 

expiratory mnseles, 804-805 
expiratory reserve volnme (ERV), 804 
expulsion stage, pregnaney delivery, 1045 
extension, 286 
elbow, 296 
foot, 385 
knee joint, 297 
mnsele terminology, 347 
extensor, muscle terminology, 347 
extensor earpi radialis brevis muscle, 348, 

372-373, 386,442-443 

extensor earpi radialis longus muscle, 348, 349, 

372-373,442-443 

extensor earpi nlnaris muscle, 349, 372-373, 386, 

442-443 

extensor digiti minimi, 374-375,442-443 
extensor digitornm, 374-375, 386 
extensor digitornm longus, 348, 382-383 
extensor digitornm muscle, 344, 349 
extensor hallneis brevis, 384-385 
extensor hallneis longus, 382-383 
extensor indieis, 374-375 
extensor mnseles, spinal eord and, 435 
extensor pollieis brevis, 374-375 
extensor pollieis longus, 374-375 
extensors 

erossed extensor reflexes, 453 
of knee, 380-381 
withdrawal reflex, 452 

external, direetional term, 347 

external aeonstie meatus, 238, 546, 547 

external anal sphineter, 362-363, 860-861 

external callus, bone fraetnre, 224-225 

external earotid artery, 666 

external ear, 546 

external genitalia, 989 

external iliae artery, 662, 674 

external iliae vein, 663, 675 

external intereostal muscle, 360-361, 366-369 

external intereostal mnseles, 804 

external jugular vein, 663, 665, 667 

external nares, 790-791 

external oblique muscle, 348, 349, 360-361, 

366-367 

external oeeipital erest, 237, 240 
external oeeipital protnberanee, skull, 237 
external os, 1005,1008 

external respiration, 801, 809. See also respiration 
external root sheath, hair, 187 
external nrethral sphineter, 362-363, 952, 954 
exteroceptors, 399 

extracapsular ligament, knee joint, 283 
extracellular fluid 

aeid-base balanee, overview, 974-975 
aetion potentials, mnsele eontraetions, 314-315 
bnffer systems, 975-977 
eirenlation of, 155 
diffnsion, 113 
flnid balanee, 965 
potassinm balanee, 971 
resting potential, eell membrane, 406-407 
sodinm balanee, 968-969 
extra-embryonic membranes, 1032-1033 
extrinsic, direetional term, 347 
extrinsic ligaments, knee joint, 283 
extrinsic pathway, blood elotting, 641, 642 
eye 

aeeessory strnetnres, 560-561 
aging and, 576 

antonomie nervons system, 513-515, 519, 522 

body regions, 30 

eavities of, 562-563 

eranial nerves, 486-487 

diabetie retinopathy, 607 

equilibrium, sense of, 556 


fetal development, 559 
foensing, 566-567 
light reflex, 525 
mnseles, extrinsic, 354 
neural stem eells, 397 
orbital complex, 244 
photoreeeptors, 568-573 
pupillary reflex, 525 
refraetion problems, 575 
retina, 564-571 

smooth muscle innervation, 833 
squamous epithelium, 142-143 
visual pathway, 574 

eyelashes, 560 

eyelid, 244, 347, 559, 560 




F eells, panereas, 604 
faee 

Bells palsy, 507 
blood vessels, 666-667 
body regions, 30 

eranial nerves, branehes and fnnetions, 486-487, 
543, 546, 547 

faeial bones, 233, 234-236, 242-243, 248-249 
faeial expression mnseles, 352-353 

faeet, bone structure, 205 

faeial artery, 666 

faeial nerve (Vll), 543, 546, 547 

faeial region, 30 

faeial vein, 667 

faeilitated diffnsion, 116 

faeilitated membrane potential, 418-419 

F-aetin (fìlamentons), 312-313 

Faetor X, 641 

faenltative water reabsorption, 944-945 
FAD (flavin adenine dinneleotide), 886-887, 

894-895, 898-899 

faleiform ligament, 844-845, 866, 867 

false labor, 1044-1045 

false pelvis, 269 

false ribs, 256 

falx eerebri, 243,466, 669 

faseia, 161, 378-379, 386-387 

faseiele, mnseles, 344 

faseiele organization, terminology of, 347 

faseieles, spinal nerves, 436 

faseienlation, 323 

Fasciculus Medieinaef 29 

fast fibers, skeletal mnseles, 332-333 

fast sodium ehannels, 707 

fat, body 

aging and, 189 
body eomposition, 963 
distribntion patterns, 181 
fat eells, 12 
fat, dietary, 906-907 
fatigne, mnseles, 329-333 
fats, hydrophobie moleenles, 63. See also lipids 
fat-soluble vitamins, 904 
fatty aeids 

carboxyl group, 67 
digestion of, 896-897 
hormones derived from, 588 
hydroxyl group, 67 
lipolysis and lipogenesis, 898-899 
muscle eontraetions, energy for, 329-331 
nntrient pool, 884-885 
prostaglandins, 72 
structure and fnnetion, 70-71 
synthesis of, 885 
fauces, 839 

feees, 632, 837, 858-861, 964-965 
feedbaek meehanisms, 26 
feeding eenter, 912 
female pronucleus, 1028 


female reproductive system. See reproductive 

system, female 
femoral artery, 387, 662, 674 
femoral circumflex arteries, 674 
femoral circumflex veins, 675 
femoral eondyle, 299 
femoral head, 270 

femoral nerve, 387,440,444-445,455 
femoral region, 30 
femoralvein, 387, 663, 675 
femoris, muscle terminology, 347 
femur 

appendienlar skeleton, 259 
bone structure, 205, 270 
hip joint, 295 
knee joint, 283, 297 
mnseles of, 365-367, 378-381 
spongy bone, 211 
fenestrated eapillaries, 593, 654 
fertilization, 87,1006 
fetal development 

blastoeyte implantation, uterus, 1030-1031 

blood flow, ehanges at birth, 676-677 

blood vessel formation, 659 

bone tissue, 213-217 

brain, 463 

eyes, 559 

fertilization, 1028-1029 
fontanelles, 248-249 
gastrnlation, 1032-1033 
gestational stages, 1027 
gland structures, 149 
heart defeets, 677 

hemolytie disease of newborn, 636-637 
intramembranons ossifieation, 216-217 
organ systems, 1040-1041 
plaeenta, 1034-1039 
skeletal muscle development, 309 
testes, 990 
fetus, defined, 1009 
fever, 755, 762-763, 955 
fibrin, 625, 641, 643 
fibrinogen, 625, 641, 643 
fibrinolysis, 641 
fibroblasts 

blood elotting response, 640 
defined, 152 

growth hormone (GH), 192 
retienlar tissue, 153 
testes, 995 

wound repair phases, 194-195 

fibroeartilage, 156, 283 
fibroeystie breast disease, 1019 
fibrodysplasia ossifíeans progressiva (FOP), 219 
fibrosis, 167 

fibrons eapsnle, kidney, 925, 926 
fibrons joints, 281 
fibrons layer, eye, 562-563 

fibrons perieardinm, 688-689 m 

fibrons tendon sheaths, foot, 384-385 H 

fíbula I 

appendienlar skeleton, 259 H 

mnseles of, 365-367 H 

mnseles of foot and toe movement, 382-385 H 

structures of, 270-271 H 

fibular artery, 662, 674 H 

fíbular eollateral ligament, 297 H 

fibnlar nerve, 444-445 H 

fibnlar vein, 663, 675 H 

fíbnlaris brevis muscle, 382-383,444-445 H 

fibularis longus muscle, 348, 382-383,444-445 H 

fight or fiight response, 477, 512, 612-613 ^ 

filiform papillae, 540-541 
fílling time, stroke volume, 711 
filtrate, nephrons, 928-929 
filtration, eapillaries, 721-723 
filtration, kidneys, 933, 946-947 
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fìltration membrane, 937 
fìltration slits, renal eorpnsele, 936 
filnm terminale, 430 
fimbríae, 1008 

fine toneh and pressnre reeeptors, 490-495 
fingernails, 185,190 
fingerprints, 177 
fingers 

body regions, 30 
bones of, 264-265 
joints of, 291 
mnseles of, 374-377 
opposition, 289 

first messenger, hormones, 590-591 
first trimester, 1027 
first-elass lever, 345 
first-degree bnrns, 182-183 
first-order nenrons, 494 
fissnre, bone strnetnre, 205 
fissnres, brain, 464-465 
fixators, mnsele movement, 346 
fixed aeids, 973 

fixed maerophages, 152,153, 757 

flagella, 88, 93, 993 

flat, mnsele terminology, 347 

flat bones, 204. See also bones (osseons tissne) 

flatns, 892 

flexion, 286, 296, 347, 385 

flexor, mnsele terminology, 347 

flexor earpi radialis mnsele, 348, 372-373, 

442-443 

flexor earpi nlnarís mnsele, 348, 349, 372-373, 

442-443 

flexor digiti minimi brevis mnseles, 376-377, 

384-385, 442-443 
flexor digitornm brevis, 384-385 
flexor digitornm longns mnsele, 382-383 
flexor digitornm profnndns mnsele, 374-375, 386, 

442-443 

flexor digitornm snperfieialis mnsele, 348, 

374-375, 386 

flexor hallneis brevis mnsele, 384-385 
flexor hallneis longns mnsele, 382-383 
flexor mnseles, spínal eord and, 435 
flexor pollieis brevis mnsele, 376-377 
flexor pollíeís longns mnsele, 374-375 
flexor reflex, 452 
flexor retinaenlnm, 348, 372-373 
flexors, erossed extensor reflexes, 453 
flexors, withdrawal reflex, 452 
flexors of knee, 380-381 
floating ribs, 256 
flnid balanee 

burns, efFeets of, 182-183 
eleetrolyte balanee, 966-967 
integument, water loss and, 177 
potassinm balanee, 970-971 

I regnlation of, 20, 540, 595, 964-965 

sodium levels and, 968-969 
water, body eomposition, 963 
flnid eompartments, 963 
flnid eonneetive tissne, 151,155 
flnid shift, 965 
flnorine (F), 45 
foeal distanee, 566-567 
foeal point, 566-567 
foensing, vision, 566-567 
folia, 470-471 
foliate papillae, 540-541 
folie aeid, 905 

folliele-stimnlating hormone (FSH) 

ehemieal structure, 588 
functions of, 594 
negative feedbaek regnlation, 597 
ovarian eyele, 1014-1015 
pnberty, ehanges in, 1049 
testosterone and, 1000-1001 


follienlar phase, ovarian eyele, 1007, 

1014-1015 
fontanelles, 248-249 
foot 

blood vessels, 674-675 
body regions, 30, 31 
bones of, 272-273 
heel, 31 
joints of, 291 

mnseles of, 270, 365-367, 382-385 
nerves of, 444-445 
sole, 31 

foramína 

bone structures, 205 

eervieal vertebrae, 252 

foramen laeernm, 240, 241 

foramen magnum, 240, 241, 432-433 

foramen ovale, 240, 241, 242, 676, 694 

foramen rotundum, 241, 242 

foramen spinosnm, 241, 242 

hip bone, 266-267 

lumbar vertebrae, 254 

mandibular foramen, 246 

mental foramen, 246 

pelvis, 268-269 

saernm, 255 

skull structures, 240-241, 246 
vertebral, 250, 251 

foree, levers and leverage, 345 
foree, on long bones, 206, 210, 211 
foreed breathing, 817 
forearm. See also npper limb 

blood vessels of, 664 
body regions, 30 
muscle terminology, 347 
mnseles of, 365-367 

forebrain, 463 
forehead, 30 

formed elements, blood, 155, 624-625 

fornix, 476-477,478, 560,1012 

fossa, bone strnetnre, 205 

fossa ovalis, 676, 694 

fonrth ventriele, brain, 465 

fovea, eye, 565, 568 

fovea eapitis, femnr, 270, 295 

fovea eentralis, 565 

fraetnre hematoma, 224 

fraetnres, bone 

daneer’s fraetnre, 273 
hip, 295 
repair of, 224 

spine, osteoporosis and, 293 
types of, 225 

free head, myosin, 313 

free maerophages, 152, 757 

free nerve endings, 492 

free radieals, 606 

frequency, sound waves, 554-555 

frietion, blood vessels, 718 

frons, 238 

front of elbow, 30 

frontal bone 

fetal development of, 216-217 
fontanelles, 248-249 
nasal complex, 245 
orbital complex, 244 
paranasal sinnses, 790-791 
skull, 234-241 
frontal eye field, 482-483 
frontal lobe, brain, 480-481 
frontal plane, 33 
frontal region, 30 
frontal seetion, 33 
frontal sinnses, 239, 244, 245, 790 
frontal suture, 249 
fructose, 68-69 

fructose-l,6-bisphosphate, 894-895 


fruit, diet and, 906-907 
fulcrum, 345 

full-thickness burns, 182-183 
full-thickness skin graft, 183 
fnmarate, 887 

fnnetional groups, organie eomponnds, 67 
fnnetional residnal eapaeity (FRC), 804 
fnnetional syneytinm, 687 
fnnetional zone, endometrinm, 1010-1011 
fundus, gallbladder, 870 
fundus, stomaeh, 846-847 
fundus, uterus, 1009 
fungiform papillae, 540-541 




G eells, stomaeh, 849 

G proteins, 420-421, 516, 517, 542, 590 

Go phase, 122 

Gi phase, 122-123 

Gaphase, 122-123 

G-aetin (globnlar aetin), 312-313 

gallbladder 

blood vessels, 670-673 

digestive system, 829, 837, 863, 870-871 

function of, 22 

gallstones, 872 

gross anatomy, 847, 867 

loeation of, 31 

parasympathetie innervation, 515 
simple eolnmnar epithelinm, 146 
sympathetie innervation, 514 

gamma motor nenrons, 451 
gamma-aminobutyric aeid (GABA), 420 
ganglia, antonomie, 399 
ganglía, sensory, 399 
ganglion, eye, 559, 568 
ganglíonie nenrons, 509, 512, 513, 518, 519 
gap jnnetions, 140-141, 687 
gas diffnsion, 801 

gas exchange, 789, 798-799, 807, 810-813 

gas laws, 808-809 

gas transport, blood, 810-813 

gases, states of matter, 50-51 

gastrie area, spleen, 753 

gastrie band snrgery, 881 

gastrie bypass snrgery, 881 

gastrie glands, 149, 519, 849 

gastrie inhibitory peptide (GIP), 854-855, 892 

gastrie lipase, 849 

gastrie phase of gastrie seeretion, 856-857 

gastrie pits, 849 

gastrie reflex, 525 

gastrie ulcer, 873 

gastrin, 854-855, 857 

gastritis, 873 

gastroenemins muscle 

foot and toe movement, 382-383 
gross anatomy, 348, 349 
leg eompartments, 387 
muscle fiber tvviteh, 323 
nerves of, 444-445 
gastroduodenal artery, 672 
gastroenterie reflex, 857 
gastroepiploie arteries, 672 
gastroesophageal reflux, 872 
gastroileal reflex, 857 
gastrointestinal traet. See digestive traet 
gastrosplenie ligament, 752 
gastrnlatíon, 1032-1033 
gated ehannels, neural tissue, 419 
gated ehannels, plasma membrane, 

408-409 

general adaptation syndrome (GAS), 612-613 
general interpretive area, brain, 482-483 
general senses, 489 
generator potentíal, 537 
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genes 

defìned, 104 
gene aetivation, 105 
genetie disorders, 1056-1057 
geneties and inheritanee, 1051-1057 
protein synthesis, 104-109 
siekle eell anemia, 642 
transeription of, 591 
genienlar artery, 674 
genienlate ganglion, 486 
genioglossns mnsele, 356, 357 
geniohyoid mnsele, 357,441 
genitalia, 23 

genitofemoral nerve, 440,444-445,455 

genome, hnman, 1057 

genotype, 1051-1057 

germ layers, 1032-1033 

germinal eenter, lymphoid nodnles, 748 

germinal epithelinm, ovary, 1005 

gestational trophoblastie neoplasia, 1033 

ghrelin, 912 

gigantism, 219 

gingivae, 839 

gingival snlens, 840 

gingivitis, 841, 872 

glands. See also endoerine system; speeifìe gland 

names 

aatonomie nervons system, 395, 509, 516 
eernminons glands, 546 
intestinal glands, 850-851 
nenrons, 397, 399 
olfaetory glands, 539 
parasympathetie aetivation, 519 
salivary glands, 864-865 
seeretion methods, 148 
spinal nerves, 438-439 
strnetnre and fnnetion, 138-139 
tarsal glands, 560 
glans penis, 998, 999 
glassy membrane, hair, 187 
glenohnmeral joint, 294 
glenohnmeral ligament, 294 
glenoid eavity, seapnla, 261, 294 
glenoid labrnm, 294 
glial eells, 165,400-401,418-419, 559 
gliding motion, joints, 284-285, 292-293 
globnlins, blood, 625 
globns pallidns, 478-479 
glomernlar eapsnle, 928 
glomernlar íìltration, 937 
glomernlar íìltration rate (GFR), 938-939 
glomernlar hydrostatie pressnre (GHP), 937 
glomernlns, 928, 930, 934, 936-937, 946-947 
glossal, mnsele terminology, 347 
glossopharyngeal nerve (IX), 543, 835 
glottis, 791, 792-793 
glneagon, 604-605, 609, 903 
glneoeortieoids 

blood glneose regnlation, 903 
endoerine disorders, 614-615 
integnmentary system effeets, 192 
regnlation of, 597 
stress response, 613 
synthesis and fnnetions, 603 
glneoneogenesis, 885 
glneose 

earbohydrate digestion, 892-893 
as energy sonree, 895 
glyeolysis, 99, 885, 893, 894-895 
mnsele eontraetions, 328-331 
mnsele eontraetions, energy for, 329-331 
nntrient pool, 884-885 
strnetnre and fnnetion, 68-69 
in nrine, 933 
glneose, blood levels 
diabetes mellitns, 607 
normal valnes, 933 


regnlation of, 20, 603, 604-605, 902-903 
stress response, 613 

glucose-6-phosphate, 894-895 
glucose-sparing effeet, 595 
glntamate, 420 
glntamie aeid, 901 
glnteal group muscles, 378-379 
gluteal lines, 266-267 
glnteal region, 31 
glnteal tnberosity, femur, 270 
gluteal vein, 675 
gluteus maximus muscle 
gross anatomy, 349 
leg movement, 378-381 
nerves of, 444-445 
pelvie floor, 362-363 
gluteus medius muscle 

gross anatomy, 348, 349, 366-367 
leg movement, 378-381 
nerves of, 444-445 

gluteus minimus muscle, 378-379,444-445 

glyeeraldehyde 3-phosphate, 894-895 

glyeerides, 71, 94, 893 

glyeerol, 71, 73, 893 

glycocalyx, 90 

glyeogen 

growth hormone, 595 
mnseles, energy for, 328-331 
nntrient pool, 884-885 
regnlation of, 603 
stress response, 613 
strnetnre and fnnetion, 68-69 
sympathetie aetivation, 518 
synthesis and storage, 94, 893 
glyeogenesis, 885 
glyeogenolysis, 885 
glyeolipids, 71, 73, 90 
glyeolysis, 99, 328-331, 811, 885, 893, 

894-895 

glyeoproteins 

basement membrane, 140 
gronnd snbstanee, 152 
hormones, ehemieal strnetnre, 588 
plasma membrane, 90 
synthesis of, 893 
glyeosnria, 607 
goblet eells, 149 
goiter, 614-615 

Golgi apparatns (Golgi complex), 88-89, 94, 96-97, 

139, 758 

gomphosis, 281, 840 
gonadal arteries, 662, 670 
gonadal veins, 663, 671 

gonadotropin-releasing hormone (GnRH), 594, 

596-597,1000-1001, 1014-1015,1049 
gonadotropins, 594. See also folliele-stimnlating 

hormone (FSH); Inteinizing hormone (LH) 
gonads 

blood vessels, 670-671 
endoerine fnnetion, 589 
female anatomy, 1003 
fnnetion of, 20 
male anatomy, 989 
gout, 909 

gouty arthritis, 298-299, 909 
graeilis, muscle terminology, 347 
graeilis muscle 

gross anatomy, 348, 349, 366-367 
leg movement, 378-381 
nerves of, 444-445 

graded potential, neural tissue, 405,410-411 

graft rejeetions, 778 

grains, diet and, 906-907 

grannlar lenkoeytes, 638-639 

grannlation tissue, 194-195 

granulosa eells, 1007 

gray commissures, spinal eord, 434 


gray matter, brain 

eerebellnm, 471 
mednlla oblongata, 468 
midbrain, 473 
pons, 469 

gray matter, eentral nervons system, 401 

gray matter, spinal eord, 430-431,434-435 

gray rami, spinal nerves, 514 

gray ramus communicans, 438-439 

great auricular nerve, 440-441 

great eardiae vein, 693 

great eerebral vein, 669 

great saphenons vein, 663, 675 

great toe, 30, 347 

great vessels, 688-689 

greater cornu, hyoid bone, 247 

greater curvature, stomaeh, 846-847 

greater horn, hyoid bone, 247 

greater omentnm, 844-845 

greater pelvis, 269 

greater seiatie noteh, 266-267 

greater troehanter, 270, 295 

greater tnberele, humerus, 262 

greater vestibular gland, 1012 

greater wings, sphenoid bone, 242 

Greek delta symbol, 49 

green eones, 571 

greenstiek fraetnre, 225 

groin 

body regions, 30 
mnsele terminology, 347 
gross anatomy, defìned, 6 
ground snbstanee, 151,152,158,195 
growth and development. See also fetal 

development 
biologieal proeesses, 4-5 
endoerine disorders, 615 
life stages, 1047 
pnberty, 1047-1049 
regnlation of, 20, 611 
growth faetors, 192, 601 
growth hormone (GH) 
additive effeets, 609 
blood glneose regnlation, 903 
bone abnormalities, 218, 219 
ehemieal strnetnre, 588 
endoerine disorders, 614-615 
growth patterns, 611 
integnmentary system effeets, 192 
pitnitary gland and, 595 
stress response, 613 

growth hormone-inhibiting hormone (GH-IH), 

595, 596-597 

growth hormone-releasing hormone (GH-RH), 

595, 596-597 
gnanine, 78-79,104-109 
gums, 839, 872 
gustation, 537, 540-543, 576 
gnstatory eell, 541 
gnstatory cortex, 482-483, 543 
gnstatory pathway, 543 
gnstatory reeeption, 542-543 
gustducins, 542 
gyri, 464-465 




H band, skeletal mnseles, 310, 313 ■ 

hair H 

aging and, 189 H 

ear, 549, 550-553, 555-557, 577 H 

nasal vestibnle, 791 ^ 

pigments, 187 
proteetive fnnetions, 756 
hair bulb, 186 
hair eells, 545 

hair follieles, 18,148,175,185-187 
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hair growth eyele, 187 
haír matríx, 186 
hair papilla, 186 
hair root, 186-187 
hair shaft, 186-187 
hallux, 30, 272-273, 347 
hamate, 264-265 
hand 

abduction and adduction, 287 
body regions, 30 
bone structures, 264-265 
joints of, 291 

mnseles of, 365-367, 372-377 
nerves of, 442-443 
opposition, 289 
pronation, 288 
snpination, 288 
haploid eells, 992-993 
hard keratin, hair, 187 
hard palate, 245, 791, 838 
Harvey, William, 9 
haustra, 859 

Haversian system, 210-211 
head (eephalon). See also brain; faee; skull 
blood vessels, 666-667 
body regions, 30, 31 
mnseles of, 352-353 
head, bone structure, 205 
head, epididymis, 996 
head, fíbula, 271 
head, humerus, 262 
head, muscle terminology, 347 
head, panereas, 871 
head, ribs, 257 
head, sperm, 993 
head fold, amniotie eavity, 1036 
hearing, sense of 
aging and, 577 
anditory ossieles, 247 
basilar membrane (piteh and volume), 

554-555, 557 
bony labyrinth, 548 
eerebellnm and, 470-471 
eerebral cortex and, 482-483 
eoehlear duct, 552-553 

eranial nerves, branehes and fnnetions, 486-487 
ear structures and fnnetions, 546-547 
membranons labyrinth, 548-549 
midbrain, 472-473 

nervons system and, 19, 395, 399, 556-57 
neuroepithelium, 138 
sensory reeeptors, overview, 545 
vestibnloeoehlear nerve, 556-557 
heart. See also eardiovasenlar system 
anatomy, external, 6, 690-693 
antonomie nervons system effeets, 514, 515, 518, 
519, 522, 523 

I blood pressnre, 7, 610, 717 

eardiae arrhythmia, 714-715 
eardiae eyele, 701-703 

eardiae muscle eontraetions, 695-697, 706-707 
eardiae muscle tissue, 15, 686-687 
eardiae output, 704-705, 712-713, 717 
eardioaeeeleratory reflex, 525 
eongenital defeets, 677 
eoronary artery disease, 698-699 
eleetroeardiogram (ECG), 7, 714-715 
endoerine fnnetion, 588, 589 
endothelinm, 142-143 
epithelial tissue, 14 
fetal blood flow, birth ehanges, 676 
heart rate regnlation, 477, 513, 518, 519, 704-705, 
708-709, 712-713, 724-731 
heart sounds, 703 

mediastinnm and perieardial eavity, 34, 688-689 
potassinm balanee, 971 

pnlmonary and systemie eirenits, 651, 660-661 


serous membranes, 160 
stroke volume, 710-713 
structures and fnnetions, 16, 20, 685 
thoraeie eavity, 35, 689 
valves, 694-697 
valvnlar heart disease, 697 
venous pressure and, 717 
heart failure, 712 
heat, ehemieal reaetions, 53 
heat eapaeity, water, 61 
heat transfer, 913 

heat-loss, heat-gain eenter, 914-915 
heavy ehains, antibodies, 772-774 
heel of foot, 31 
Helieobaeterpyloriy 873 
helium (He), 46 

helper T (Th) eells, 746, 770-771, 776-777 
hemangioblasts, 659 
hematoerit, 624, 629 
hematoeytoblasts, 626-627 
hematology, 629 
hematoma, fraetnre, 224-225 
hematopoiesis, 626-627 

hematopoietie stem eells (HSCs), 626-627, 659 
hematnria, 633 
heme, 75, 631, 632, 810-813 
hemiazygos vein, 671 
hemidesmosomes, 140,177 
hemispherie lateralization, brain, 483 
hemodialysis, 948-949 
hemoglobin (Hb, Hgb) 
buffer systems, 975-977 
gas transport, 810-813 
muscle fiber types, 332-333 
skin eolor and, 179 
structure of, 75, 631 
hemoglobin eoneentration test, 629 
hemoglobin satnration, 810-813 
hemoglobinnria, 632-633 
hemolysis, 115, 632-633 
hemolytie disease of newborn, 636-637 
hemophilia, 642 
hemopoiesis, 626-627 
hemorrhoids, 656, 860 
hemostasis, 640-641 
Henry's law, 808-809 
heparin, 166 

hepatie artery, 672, 868-869 
hepatie ducts, gallbladder, 870 
hepatie portal artery, 867, 870 
hepatie portal system, 851, 868-869 
hepatie portal vein, 673, 867, 870 
hepatie veins, 671, 673, 868-869 
hepatitis, 869, 872 
hepatoeytes, 868-869 
hepatopanereatie sphineter, 870 
heptose, 68 
heredity, 1051-1057 
herniated dise, 293 
herpes zoster, 785 
hertz (Hz), sound waves, 554-555 
heterotopie bones, 219 
heterozygons traits, 1052-1053 
hexose, 68 

high density lipoproteins (HDLs), 897, 908 

high-energy eomponnds, 67, 77 

hilum, kidney, 92, 926 

hilum, lung, 797 

hilum, lymph nodes, 749 

hilum, spleen, 753 

hindbrain, 463 

hinge joints, 285, 296 

hip bone, 259, 266-269 

hip joint 

appendicular skeleton, 291 
artifieial joints, 299 
fetal development, 216-217 


flexion, 286 
motion of, 285 

mnseles of thigh movement, 378-379 
structure and fnnetion, 295 

hippoeampns, 397, 477 
histamine, 166, 761, 775 
histology. See also tissnes 

defined, 135 

mieroseopes, types and uses, 136-137 
tissue types, 14-15 
histones, 102-103,105 
HIV (human immnnodefíeieney virus), 779 
holoerine glands, 188 
holoerine seeretion, 148 
homeostasis. See also endoerine system 
aeid-base balanee, aeid elasses, 973 
aeid-base balanee, overview of, 974-975 
antonomie nervons system, viseeral eontrols, 
521-532 

blood, fnnetions of, 623 

blood, pressnre and volume regulation, 610 

blood loss, response to, 730-731 

body temperatnre regnlation, 913-915 

burns, effeets of, 182-183 

ealeinm regnlation, 221-223, 601 

eardiovasenlar system regnlation, 724-731 

eell nucleus, 101 

eells, 87 

ehemoreeeptors, 527 
defined, 3 

eleetrolyte balanee, 966-967 
energeties, 911 

extracellular fluid circulation, 155 
fluid balanee, regnlation of, 595, 964-965 
injury, response by tissnes, 166-167 
insnlin, blood glneose regnlation, 604-605 
introdnetion to, 25-27 
kidneys, fnnetions of, 933, 938-939 
metabolie aeidosis and alkalosis, 978-979 
negative feedbaek, 26 
pH and, 64-65 
potassinm balanee, 970-971 
reflexes and, 448-449 
respiratory aeidosis and alkalosis, 980-981 
respiratory system regnlation, 816-819 
sodium balanee, 968-969 
stress response, 612-613 
homologous ehromosomes, 1051-1057 
homozygous traits, 1052-1053 
horizontal eells, eye, 568 
horizontal físsnre, lung, 797 
horizontal plane, 33 
horizontal plate, palatine bones, 243 
horizontal seetion, 33 
horizontally, defíned, 33 
hormones. See also endoerine system; speeifíe 

hormone names 

antonomie nervons system and, 512 

blood, pressnre and volume regulation, 610 

blood loss, response to, 730-731 

blood-brain barrier, 401 

body temperatnre regnlation, 915 

bone abnormalities, 218-219 

bone growth, 215 

breastfeeding, 1046 

ealeitrol, 175 

ealeinm regnlation, 221-223 
eardiovasenlar system regnlation, 724-731 
ehemieal messengers, 587 
ehemieal structure of, 72, 588-589 
colony-stimulating faetors, 627 
digestive system, 835, 854-855 
endoerine disorders, 614-615 
female reprodnetive eyeles, 1014-1015 
growth and development, 611 
heart rate regnlation, 712-713 
hypothalamns and, 475, 592-593 


1-16 



























inhibiting hormone (IH), 593 
integnmentary system response to, 192 
as ligands, 91 

metabolism, regnlation of, 902-903 
negative feedbaek meehanisms, 596-597 
ovaries, 1004-1005 
parasympathetie aetivation, 519 
pitnitary gland, 594-595 
plaeenta, 1039 

pnberty, ehanges in, 1048-1049 
releasing hormones (RH), 593 
stress response, 612-613 
synthesis of, 94 
target eell binding, 590-591 
testosterone, 1000-1001 
thyroid, 594 
types of effeets, 609 
nrine volnme regnlation, 944-945 
nterine eyele, 1010-1011 
horns, spínal eord, 434 
hnman ehorionie gonadotropin (hCG), 1039 
hnman genome, 1057 
hnman papillomavirns (HPV), 1019 
hnman plaeental laetogen (hPL), 1039 
hnmeroradial joint, 296 
hnmeronlnar joint, 262, 296 
hnmerns 

appendienlar skeleton, 259 
arm movement, mnseles of, 370-373 
bone strnetnres, 204-205, 262-263 
elbow, strnetnre and fnnetion, 8, 285, 296 
epiphyseal line, 215 
mnseles of, 365-367, 372-373 
shonlder joint, 285, 294 
hnmoral immnnity, 746 
hnnter’s response, 915 
hyaline eartilage, 156, 214-215 
hyalnronan, 141 

hyalnronan (hyalnronie aeid), 282 
hydration sphere, 62 
hydroehlorie aeid (HC1), 65 
hydrogen (H) 

atomie strnetnre, 44-45 
in earbohydrates, 68-69 
ehemieal notation, 54-55 
eovalent bonds, 49 
eleetron energy levels, 46 
eleetron transport system, 889 
lipids, 70-71 

mnsele eontraetions, energy for, 329 
organie eomponnds, 67 
pereent of body weight, 45 

hydrogen bonds, 51, 79 

hydrogen ions (H^). See also aeid-base balanee; pH 
ehemoreeeptors, 527 
kidney fnnetion, 935, 940-943 
pH, introdnetion to, 64-65 

hydrogen snlfíde, 861 
hydrolysis 

amino aeid reaetions, 74 
disaeeharides, 69 
lipids, 71 
meehanism of, 56 
hydrophilie moleenles 
defined, 62 
mieelles, 73 

phospholipid bilayer, 90-91 

hydrophobie moleenles 

defined, 63 

lipids, strnetnre and fnnetion, 70-71 
mieelles, 73 

phospholipid bilayer, 90-91 

hydrostatie pressnre, 114, 937 
hydroxide (OH“), 64-65 
hydroxyapatite, 209 
hydroxyl gronp (—OH), 67 
hymen, 1012 


hyoid bone, 237, 247 
axial skeleton, 233 
laryngopharynx, 791 
larynx, 792-793 
mnseles of neek, 357 
mnseles of tongne, 356 
pharynx mnseles, 356 
hypereapnia, 818 
hyperextension, 286 
hyperglyeemia, 607 
hyperkalemia, 971 
hypernatremia, 969 
hyperopia, 575 
hyperpolarization, 410-411 
hyperseeretion, hormones, 614-615 
hypersensitivity reaetions, 775 
hypertension, portal, 869 
hypertonie solntions, 115, 965 
hypertrophy, skeletal mnseles, 334 
hyperventilation, 818, 981 
hypoeapnia, 818 
hypoehromie, 629 
hypodermis, 18,175,178-179,180 
hypogastrie plexus, autonomic nervons system, 

511,515 

hypogastrie (pubic) region, 31 
hypoglossal eanal, 239, 241 
hypoglossal nerve (XII), 441,486 
hypokalemia, 971 
hyponatremia, 969 
hyponyehinm, 190 
hypophyseal arteries, 593 
hypophyseal fossa, 239, 242 
hypophyseal portal system, 593 
hypophysis. See pitnitary gland 
hyposeeretion, hormones, 614-615 
hypotension, 731 
hypothalamie nenrons, 595 
hypothalamie nucleus, 475 
hypothalamus 

appetite regulation, 912 
autonomic nervons system, 518, 528-529 
body temperatnre regnlation, 914-915 
eapillaries in, 654 
endoerine fnnetion, 589, 592-593 
female reprodnetive eyele regnlation, 1014-1015 
fluid balanee, regnlation of, 968-969 
growth hormone regnlation, 595 
hormones of, 588, 592-593 
motor eontrol, 496-499 
negative feedbaek regnlation, 596-597 
nervons system fnnetion, 592-593 
nenrotransmitters, effeets of, 420 
olfaetory pathway, 538 
respiratory system regnlation, 816-819 
structures and fnnetions, 464-465, 475 
viseeral motor nuclei, 509 
water balanee, 540 
hypothermia, 913 
hypotonie solutions, 115 
hypoxia, 627, 801, 813 



1 band, skeletal mnseles, 310, 313 

IgA, 773 

IgD, 773 

IgE, 773, 775 

IgG, 773 

IgM, 773 

ileoeeeal valve, 852, 857, 858 

ileoeolie artery, 672 

ileoeolie vein, 673 

ileum, 852-853 

iliae arteries, 674 

iliae artery, 662 

iliae erest, 266-267, 380-381 


iliae fossa, 267 
iliae spines, 266-267 
iliae tnberosity, 267 
iliae veins, 675 

iliaens muscle, 378-379, 380-381 
iliococcygeus muscle, 362-363 
ilioeostalis eervieis muscle, 358-359 
ilioeostalis group muscles, 358-359 
ilioeostalis lumborum muscle, 358-359 
iliofemoral ligament, 295 
iliohypogastrie nerve, 440,444-445 
ilioingninal nerve, 440,444-445 
iliopsoas muscle 

gross anatomy, 348, 366-367 
leg movement, 380-381 
nerves of, 444-445 
thigh movement, 378-379 
iliotibial traet 

foot and toe movement, 382-383 
gross anatomy, 348, 349 
leg movement, 378-381 

ilium, 266-269, 347 
immature mRNA, 107 
immediate hypersensitivity, 775 
immune complex, 774 

immune snrveillanee, 746, 755, 758-759, 763 
immune system. See also lymphatie system 

adaptive immnnity, 765-774 
aging and, 779 

allergies and anaphylaxis, 775 
blood typing antigens, 634-635 
disorders of, 778-779 
epidermis, structures of, 177 
extracellular fluid circulation, 155 
innate and adaptive eoordination, 776-777 
innate immnnity, 755-763 
lymphatie system and, 21, 741 
lymphoeytes, types and fnnetions, 746-749 
tissue injury response, 166-167 
immnnity, 741 

immnnizations, 765, 785, 872 

immnnodefíeieney diseases, 779 

immunoglobulins (Igs), 625, 773-774, 775 

immnnologie memory, 765 

immnnologieal eseape, 759 

immunosuppression, 778-779 

immunosuppressive drugs, 949 

impermeable membranes, 111 

implantation, blastoeytes, 1031 

impotenee, 999 

ineisors, 840 

ineomplete proteins, 907 

ineomplete tetanns, 324 

ineontinenee, nrinary, 955 

incus, 247, 547 

indole, 861 

inert gases, 46 

infaney, 1047 

infantile hypothyroidism, 614-615 m 

infeetion H 

blood infeetions, 643 H 

burns, effeets of, 182-183 I 

inflammation, 166-167 H 

otitis media, 546 H 

respiratory defense system, 788 H 

white blood eells (WBCs), 12 H 

inferior, direetional term, 32, 347 H 

inferior angle, seapnla, 261 H 

inferior artienlar faeet, vertebrae, 254 H 

inferior artienlar proeesses, vertebrae, 251, 254 H 

inferior border, heart, 685 H 

inferior eervieal sympathetie ganglia, 514 H 

inferior colliculus, 472-473,496, 557 
inferior extensor retinaculum, 348, 382-383, 

384-385 

inferior gemellns muscle, 378-379 
inferior glnteal nerve, 440, 444-445 
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inferior hypophyseal artery, 593 
inferior lobe, lung, 797 
inferior meatns, nasal eavity, 790-791 
inferior mesenterie artery, 511, 670, 672 
inferior mesenterie ganglion, 512, 514 
inferior mesenterie plexus, 511, 515 
inferior mesenterie vein, 673, 858-859 
inferior nasal eonehae, 234-235, 236, 244, 245, 

790-791 

inferior nuchal lines, 240 
inferior oblique muscle, 354, 561 
inferior panereatieodnodenal artery, 672 
inferior phrenie artery, 670 
inferior pubic ramus, 267 
inferior radionlnar joint, 291 
inferior rectus muscle, 354, 561 
inferior sagittal sinus, 669 
inferior splanehnie nerves, 931 
inferior temporal line, 238 
inferior tibioíìbnlar joint, 271 
inferior tnrbinate, 790-791 
inferior vena eava 
adrenal glands, 602 
branehes of, 671 
fetal blood flow, 676 
gross anatomy, 6, 663, 673 
pnlmonary eirenit, blood flow, 661 
nrinary system, 923 
inflammation 

allergie reaetions, 775 
antibody stimnlation of, 774 
fnnetions of, 755, 762-763 
injnry, response to, 166-167 
skin injnries, 194-195 
inflation reflex, 819 

information proeessing, nervons system, 405 
infraorbital foramen, 244 
infraperitoneal, defìned, 35 
infraspinatns muscle 

arm movement, 370-371 
gross anatomy, 349, 367 
nerves of, 442-443 
shonlder joint, 294 
infraspinous fossa, scapula, 261 
infundibulum, 475, 592, 593, 594, 668, 

1004-1005,1008 
ingestion, defìned, 837 
ingninal eanal, 991 
ingninal hernia, 991 

ingninal ligament, 378-379, 380-381, 991 
ingninal lymph nodes, 741 
ingninal region, 30, 31, 347 
inheritanee, patterns of, 1051-1057 
inhibin, 594, 597,1004-1005,1014-1015 
inhibiting hormone (IH), 593 
inhibitory postsynaptie potential (IPSP), 418-419 
initial segment, axons, 396-397, 398 

I initiation, protein synthesis, 108 
initiation complex, 108 
injury, tissue response to, 166-167,403 
innate immnnity, 755-763, 765, 776-777 
innate reflexes, 448-449 
inner eell mass, blastoeyte, 1031 
inner ear, 545, 546-549 
inner layer, eye, 562-563 
inorganie nntrients, defìned, 59 
insensible perspiration, 177, 913 
insertion, mnseles, 346. See also speeifìe muscle 

names 

inspiratory eapaeity, 804 
inspiratory mnseles, 804-805 
inspiratory reserve volume (IRV), 804 
insula, 480-481, 543 
insulin 

antagonistie effeets, 609 
ehemieal stmetnre, 588 
endoerine disorders, 614-615 


glneose regnlation, 893 
growth patterns, 611 
regnlation of, 855, 892, 902-903 
synthesis of, 604-605 

insulin-like faetors (IGFs), 595 
integral proteins, 90 

integrative eenters, eerebral cortex, 482-483 
integrative effeets, hormones, 609 
integnmentary system 

aeeessory stmetnres, 185-190 
adipose tissne, 153 
aging and, 191 

antonomie nervons system, 514, 522 
blood vessels, 175,177,179,186, 

189,190 

body temperatnre regnlation, 26, 913 

body weight pereentage, 175 

bnrns, 182-183 

eaneers of, 179 

dense eonneetive tissne, 154 

dermis, 180-181 

epidermis, 176-177 

epithelial tissne, 138-139 

faseiae, 161 

fetal development, 1033 

fibrosis, 166-167 

flnid balanee and, 964-965 

hair follieles, 185-187 

hormones, response to, 192 

hypodermis, 175,178-179,180 

injnry and repair, 166-167,194-195 

introdnetion to, 16-17,18,175 

keloids, 195 

keratinized, 143 

lines of eleavage, 181 

membranes, 160 

mnsele terminology, 347 

penis, tissnes of, 998 

pereentage of body weight, 343 

proteetive fnnetions, 756 

pnberty, ehanges in, 1048-1049 

regeneration, 166-167 

sebaeeons glands, 188-189 

sensory reeeptors, 175,180,181,186, 493-495 

skin eolor, 178-179 

smooth mnsele tissne, 164 

stratifìed squamous epithelium, 143 

sweat glands, 189 

tattoos, 201 

thin and thiek skin, 176 
vitamin Dg synthesis, 193 

interatrial septum, 694-697 
interealated eells, nephrons, 929 
interealated dises, 164, 687 
interearpal joints, 285 
intereellnlar attaehments, 140 
intereoeeygeal joint, 291 
intereondylar eminenee, tibia, 271 
intereondylar fossa, femur, 270 
intereostal arteries, 670 
intereostal mnseles, 257, 360-361, 804 
intereostal veins, 663, 671 
interferon alpha (a), 760-761 
interferon beta (jl), 760-761 
interferon gamma (y), 760-761 
interferons, 755, 760-761, 763 
interlobar arteries, kidney, 930 
interlobar veins, 930 
interlobnlar septum, 868-869 
intermediate fìbers, skeletal mnseles, 333 
intermediate fìlaments, 92-93 
intermuscular septa, 346 
internal, direetional term, 347 
internal aeonstie meatus, 239, 241 
internal anal sphineter, 860-861 
internal callus, bone fraetnre, 224-225 
internal eapsnle, eerebrnm, 478-479,484 


internal earotid artery, 666, 668 
internal ear, 545, 546-549 

internal elastie membrane, blood vessels, 652-653 

internal iliae artery, 662, 674 

internal iliae vein, 663, 675 

internal intereostal muscle, 360-361, 366-369 

internal intereostal mnseles, 804 

internal jugular vein, 598, 663, 665, 667, 669 

internal nares, 790-791 

internal nodal pathway, 704-705 

internal oblique muscle, 360-361, 366-367, 804 

internal oeeipital erest, 241 

internal os, 1008 

internal pndendal artery, 674 

internal pndendal vein, 675 

internal respiration, 801, 809 

internal root sheath, hair, 187 

internal thoraeie artery, 664, 670 

internal thoraeie vein, 665, 671 

internal nrethral sphineter, 952, 954 

internenrons, 399,453, 831 

internodes, axons, 401 

interoeeptors, 399 

interoeeptors, viseeral reflexes, 525 

interosseons membrane, forearm, 263 

interosseons membrane, leg, 271 

interosseons membrane, muscle origins, 346 

interphalangeal joints, 285 

interphase, 121-124 

intersegmental reflexes, 448-449 

interspinons ligament, 292 

interstitial (Leydig) eells, 995,1001 

interstitial fluid 

body eomposition, 963 
defìned, 88 

exchanges with blood, 654-655 
lymphatie system and, 742-743 

interstitial growth, 157 
interstitial lamellae, 211 
intertarsal joints, 285 
interthalamie adhesions, 474 
intertroehanterie erest, 270 
intertroehanterie line, 270, 295 
interventrienlar foramen, brain, 465 
interventrienlar septum, 694-697 
intervertebral dises, 156, 233, 291, 292-293 
intervertebral foramina, 251 
intestinal arteries, 672 
intestinal glands, 519, 850-851 
intestinal lymphatie trunk, 745 
intestinal phase, gastrie seeretion, 856-857 
intestinal reflex, 525 

intestinal traet. See also large intestine; small 

intestine 

blood vessels, 670-673 
calcium regulation, 222-223 
eapillaries, 654 
function of, 22 
gland structures, 149 
parasympathetie innervation, 515 
sympathetie innervation, 514 
intestinal vein, 673 
intestinal villi, 850-853 
intraeapsnlar ligaments, knee joint, 283 
intraeellnlar fluid 

aetion potentials, muscle eontraetions, 314-315 
body eomposition, 963 
buffer systems, 975-977 
fluid balanee, 965 

resting potential, eell membrane, 406-407 
skeletal muscle eontraetion, 311 
sodium balanee, 968-969 

intracellular fluid, defìned, 88. See also eytosol 
intraeellnlar membranes, 72-73 
intrafnsal muscle fìbers, 451 
intramembranous ossifìeation, 213, 216-217 
intramnral ganglia, 513 
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intraocular pressure, 563 
intrapulmonary pressnre, 803 
intravertebral dises, 251 
intrinsie, direetional term, 347 
intrinsie faetor, 849, 905 
intrinsie mnseles of foot, 384-385 
intrinsie pathway, blood elotting, 641,642 
introns, 107 

invasion, tumor eells, 126-127 
inversion, foot movements, 289 
involntion, thymus, 750 
iodine (1) 

ion pumps, 117 
pereent of body weight, 45 
sources and fnnetions, 966-967 
thyroid fnnetion and, 599 

ion pumps, 117 
ionie bonds 

defined, 48 

dissoeiation (ionization), 62-63 
salts, 65 

ionization, 62-63 
ions 

eations and anions, 46-47 
ehemieal notation, 54-55 
diffnsion, 113 
zwitterions, 74 

ipsilateral reflex ares, 453 
iris, 560, 562-563 
iron (Fe) 

blood synthesis and reeyeling, 632-633 
ion pumps, 117 
pereent of body weight, 45 
sonrees and fnnetions, 966-967 

iron defieieney anemia, 642 

irregnlar bones, 204. See also bones (osseons tissue) 

irreversible shoek, 731 

isehemia, eoronary, 699 

isehial ramus, 267, 998 

isehial spine, 266-267 

isehial tnberosity, 266-267, 378-379 

isehioeavernosns muscle, 362-363, 444-445, 999 

isehiofemoral ligament, 295 

isehinm, 266-267, 268-269 

isoeitrate, 887 

isomers, defined, 68 

isometrie eontraetions, 327, 328-331 

isotonie eontraetions, 326-327 

isotonie solntions, 115, 965 

isotopes, 44 

isovolnmetrie relaxation, 702-703 
isthmns, thyroid, 598 
isthmns, nterine tube, 1008 
1UD (intrauterine deviee), 1016 


J 


janndiee, 632, 872 
jaw 

blood vessels, 666-667 
depression, joint movement, 289 
elevation, joint movement, 289 
foramen ovale, 240 
mandible, 246 
muscle of neek, 357 
mnseles of faeial expression, 352-353 
mnseles of mastieation, 355 
protraetion and retraetion, 289 
teeth, 840-841 
jejunum, 852-853 
Jendrassik manenver, 454 
John of Ketham, 29 
joint eapsnles 

bone growth and, 213 
knee, 283, 297 
shonlder joint, 294 
synovial joints, 282-283 


joints 

abdnetion, 287 

aeromioelavienlar joint, 260-261 
addnetion, 287 
ankle, 271-273 

appendienlar skeleton, joints of, 291 

arthritis, 298-299 

arthroplasty, 305 

artifieial, 299, 305 

ball and soeket, 294-295 

bone abnormalities, 218-219 

eartilage, 156 

elassifieation of, 281 

eraninm, 234-235 

depression, 289 

distal radionlnar joint, 263 

elbow, 8 , 262-263, 296 

elevation, 289 

eversion, 289 

extension, 286 

flexion, 286 

foot, 272-273 

fnnetion of, 18 

hinge joints, 296-297 

hip joint, 266-269, 295 

inferior tibiofibnlar joint, 271 

inversion, 289 

knee, 271, 297 

opposition, 289 

peetoral girdle, 260-261 

protraetion, 289 

proximal radionlnar joint, 263 

retraetion, 289 

rotation, 288 

saeroiliae joint, 268-269 

shonlder, 294 

sternoelavienlar joint, 260-261 
snperior tibiofibnlar joint, 271 
synovial joints, 282-285 
synovial membranes, 161 
vertebrae, 292-293 
jugular foramen, 240, 241, 667 
jugular noteh, 256, 260-261 
jugular vein, 240, 663, 665 
jnnetíonal folds, motor nenrons, 316-317 
juxtaglomerular complex, 936-937 
juxtamedullary nephrons, 927 




karyotype, 1051 
keloids, 195 

keratin, 143,175,177,187,192 
keratinized, 143 

keratinoeytes, 176-177,178,192 
keratohyalin, 177 
ketoaeidosis, 909 
ketone bodies, 903, 973 
kidney lobe, 926 
kidneys 

aeid-base balanee and, 973, 978-979 
aldosterone, 603 

antonomie nervons system, 514, 515, 523 

blood, pressnre and volume regulation, 610, 726 

blood in urine, 633 

blood vessels, 654, 930-931 

ealeitriol, 588 

ealeinm regnlation, 222-223, 601 
diabetie nephropathy, 607 
endoerine fnnetion, 589 
epithelia, 142-146 
erythropoietin, 627 
filtration fnnetion, 934-939 
fluid balanee regnlation, 968-969 
fnnetions of, 20, 22, 923, 933 
glomernlar filtration rate, 938-939 
hormonal regnlation of, 595 


loeation of, 35 

osmotie eoneentration gradient, 942-943 
potassinm balanee, 970-971 
pregnaney and, 1042-1043 
pnlmonary eirenit, blood flow, 660-661 
reabsorption and seeretion, 940-941 
renal eorpnsele, 936-937 
renal failnre, 948-949 
renal fnnetion overview, 946-947 
respiratory aeidosis and alkalosis, 980-981 
retienlar tissue, 153 
structures of, 924-931 
transplants, 949 
nrinary disorders, 955 
urine volume regulation, 944-945 
vitamin D 3 metabolism, 193 
kiloealories, 906-907 
kinetie energy, 53 
kinetoehore, 124-125 
kinoeilia, 553 
kinoeilinm, 545 
Klinefelter’s syndrome, 1056 
knee joint 

appendienlar skeleton, 291 
artifieial joint, 299, 305 
blood vessels, 674-675 
body regions, 30, 31 
bone structure, 204 
fibroeartilage, 156 
motion of, 285 
MRI of, 299 

muscle terminology, 347 
mnseles of movement, 380-381 
nerves of, 444-445 
patellar reflex, 450-451 
structure and fnnetion, 297 
synovial joint, overview, 283 
kneeeap, body regions, 30 
Krebs eyele, 29, 99 
Knpffer eells, 869 
Kwashiorkor, 909 


L 


labeled line, 489 
labia, 23, 838,1003,1004 
labia majora, 1012 
labia minora, 1012 
labial frenulum, 839 

labor and delivery, pregnaney, 1044-1045 

laerimal apparatns, 561 

laerimal bones, 234-235, 236, 238, 244, 245 

laerimal eanalienli, 561 

laerimal earnnele, 560 

laerimal fossa, 244 

laerimal (tear) glands, 189, 515, 522, 561 

laerimal puncta, 561 

laerimal sae, 244, 561 

laerimal sulcus, 244 

laetase, 892 

laetate, 329-331 

laetation, 1013 

laeteal, small intestine, 851 

laetie aeid, 329-331, 973 

laetiferons duct, 1013 

lactiferous sinus, 1013 

laetose, 68-69 

lacunae 

ehondroeytes, 156 
osseons tissue, 159, 208 
trophoblastie ehannels, 1031 

lambdoidal suture, skull, 235, 237, 238, 239, 240, 

248-249 

lamellae, osteons, 210-213 
lamellated (paeinian) eorpnsele, 175,181,493 
lamina, lumbar vertebrae, 254 
lamina densa, 140 
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lamina Ineida, 140 
lamina propria 

defined, 160 
digestive traet, 831 
esophagns, 842 
nasal eavity, 791 
olfaetory organs, 539 
respiratory system, 788-789 
stomaeh, 848-849 
nrethra, 953 

laminae, vertebrae, 251 
Langerhans eells, 177 
large, mnsele terminology, 347 
large intestine 

blood reeyeling, 632-633 
blood vessels, 670-673 
digestive traet, overview, 829, 837 
disorders of, 873 
enterie nervons system, 511 
flnid balanee, 964 
loeation of, 31, 35 
mesenteries, 844-845 
movement throngh, 834-835 
parasympathetie innervation, 515 
strnetnres and fnnetions, 22, 850-853, 858-861 
sympathetie innervation, 514 
large veins, 653 

laryngeal elevator mnseles, 356 
laryngeal mnseles, 441 
laryngeal prominenee, 792-793 
laryngopharynx, 791 
larynx, 791 

blood vessels, 666-667 

eranial nerves, branehes and fnnetions, 487 

hyoid bone, 247 

lower respiratory traet, 787 

mnseles of, 356, 357 

strnetnres and fnnetions, 21, 792-793 

swallowing, 843 

taste reeeptors, 540 

LASIK (laser-assisted in-situ keratomileusis), 575 

latae, muscle terminology, 347 

latent period, muscle tension, 323 

lateral, direetional term, 32, 347 

lateral angle, seapnla, 261 

lateral antebraehial cutaneous nerve, 442-443 

lateral apertures, brain ventrieles, 467 

lateral border, seapnla, 261 

lateral eanthns, 560 

lateral eollateral ligament (LCL), knee, 297 
lateral eompartment, arm, 386 
lateral eompartment, leg, 387 
lateral eondyle, femur, 270 
lateral eortieospinal traets, 496 
lateral epieondyle, femur, 270 
lateral epieondyle, humerus, 262 
lateral faeet, patella, 271 
lateral femoral cutaneous nerve, 444-445 
^ lateral flexion, 286 

H lateral genienlate nucleus, thalamus, 474-475, 574 
H lateral gray horn, spinal eord, 434 
H lateral malleolns, íìbula, 271, 348, 384-385 
H lateral masses, ethmoid bone, 243 
H lateral menisei, 297 
H lateral nail folds, 190 
H lateral nail grooves, 190 
H lateral pathway, motor eontrol, 496 
H lateral peetoral nerve, 442-443 
H lateral pterygoid muscle, 355 
H lateral pterygoid plate, 242 
H lateral rectus muscle, 354 

W lateral rotator group, thigh movement, 378-379 
lateral saeral artery, 674 
lateral saeral erest, 255 
lateral saeral vein, 675 
lateral semieirenlar ducts, 550 
lateral spinothalamie traets, 494 


lateral sulcus, cerebrum, 478, 480-481 
lateral supracondylar ridge, femur, 270 
lateral tibial eondyle, 271 
lateral nmbilieal ligaments, 952 
lateral ventriele, brain, 465, 478 
lateral white column, spinal eord, 435 
latissimns, muscle terminology, 347 
latissimns dorsi 

arm movement, 370-371 
gross anatomy, 348, 366-367 
nerves of, 442-443 
latissimns dorsi muscle, 349 
lauric aeid, 70-71 
left atrioventricular (AV) valve, 694 
left atrium, 6, 651 
left border, heart, 685 
left braehioeephalie vein, 667 
left bronehomediastinal lymphatie trunk, 745 
left eolie flexure, 859 
left eolie vein, 673 
left eolonie artery, 672 
left eommon earotid artery, 664 
left eommon iliae artery, 674 
left eoronary artery, 691, 692 
left gastrie artery, 670, 672 
left gastrie vein, 673 
left gastroepiploie artery, 672 
left gastroepiploie vein, 673 
left hepatie duct, 870 
left hypoehondriae region, 31 
left ingninal region, 31 
left jugular lymphatie trunk, 745 
left lower quadrant (LLQ), 31 
left lumbar region, 31 
left rotation, 288 
left snbelavian artery, 664 
left snbelavian lymphatie trunk, 745 
left upper quadrant (LUQ), 31 
left vagus nerve, 511 
left ventriele, heart, 651 
loeation of, 6 
leg 

appendienlar skeleton, 259 
blood vessels, 674-675 
body regions, 30 
bone fraetnres, 225 
bone strnetnres of, 204-205, 270-271 
eompartments, 387 
deep faseia, 386-387 
fetal development, 216-217 
lymphaties of, 741 
mnseles of, 365-367, 380-381 
nerves of, 444-445 
patellar reflex, 450-451 
lens, eye, 564-565, 566 
lentiform nucleus, cerebrum, 478-479 
leptin, 912 

lesser cornu, hyoid bone, 247 
lesser curvature, stomaeh, 846-847 
lesser horn, hyoid bone, 247 
lesser oeeipital nerve, 440-441 
lesser omentnm, 844-845, 846-847 
lesser pelvis, 269 
lesser troehanter, 270, 295 
lesser tnberele, humerus, 262 
lesser vestibular gland, 1012 
lesser wings, sphenoid bone, 242 
lenkemia, 643 

lenkoeytes (white blood eells) 

eell types and fnnetions, 15, 625, 638-639 
flnid eonneetive tissne, 155 
lenkemia, 643 
synthesis of, 203 
lenkotrienes, 72, 588, 775 
levatator anguli oris, 352-353 
levator, muscle terminology, 347 
levator ani, 362-363 


levator labii snperioris, 352-353 

levator palpebrae snperioris, 354 

levator seapnlae muscle, 367, 368-369,441,442-443 

levels of organization, human body, 11 

leverage, bones, 203 

leverage, mnseles, 344-345 

Lewis Wave, 915 

Leydig eells, 995,1001 

life stages, overview, 1047 

ligament of the femoral head, 295 

ligaments 

bone growth and, 213 
eervieal vertebrae, 252 
dense eonneetive tissne, 154 
elastie tissne, 154 
elbow, 8, 296 
eye, 562-563 

female reprodnetive traet, 1005 

fnnetion of, 18 

hand and wrist, 374-377 

hip joint, 267, 295 

intrinsie mnseles of foot, 384-385 

joint elassifieations, 281 

knee joint, 283, 297 

patella, 271 

pelvie floor mnseles, 362-363 
shonlder joint, 294 

spinal eord, dentienlate ligaments, 433 
styloid proeess, 237 
thigh movement, mnseles of, 378-379 
vertebrae, 251, 292-293 
vertebral eolnmn mnseles, 358-359 
ligamentnm arteriosnm, 676, 690, 691 
ligamentnm flavum, 292 
ligamentum nuchae, 252 
ligamentum teres, 295 
ligand-gated ehannels, 408-409 
ligands, 91,118 

light ehains, antibodies, 772-774 

light mierograph, 137 

light mieroseope, 6,136-137 

light reflex, eye, 525 

limbie lobe, brain, 481 

limbie system 

antonomie nervons system, 528-529 
nenrotransmitters, effeets of, 420 
olfaetory pathway, 538 
respiratory system regnlation, 816-819 
strnetnres and fnnetions, 475, 476-477 
line, bone structure, 205 
line of aetion, arm movement, 371 
linea alba, 348 
linea aspera, 270 
lines of eleavage, 181 
lingnal artery, 666 
lingnal frenulum, 839 
lingual lipase, 839, 896 
lingual papillae, 540-541 
lingual tonsil, 748 
linolenie aeid, 898 
lipids 

blood glneose regnlation, 902-903 
blood valnes, 933 
body eomposition, 963 
bones, storage in, 203 
eatabolism of, 903 

eholesterol, 72, 91, 94, 588, 698-699, 897, 908 

diffnsion, 113 

eieosanoids, 72 

glyeolipids, 73, 90 

hormones derived from, 588 

lipolysis and lipogenesis, 898-899 

metabolism of, 896-899 

phospholipid bilayer, 90-91 

phospholipids, 73 

prostaglandins, 72 

steroids, 72 
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structure and function, 70-73 
in urine, 933 

lipogenesis, 898-899 
lipolysis, 898-899 
lipoprotein lipase, 897 
lipoproteins, 896-897 
liquids, states of matter, 50-51 
lithium (Li), 46 
liver 

amino aeid metabolism, 901 
antonomie nervons system, 514, 515, 518, 519, 522 
blood reeyeling, 632 
blood vessels, 670-673 
eapillaries, 655 
eortisol metabolism, 603 
digestive system, 829, 837, 866-869 
disorders of, 872 
fluid balanee, 964 
fnnetions of, 22, 863 
glneose storage, 893 
gross anatomy, 31, 847 
growth hormone, 595 
hepatie portal system, 851, 868 
laetate metabolism, 331 
lipid transport and storage, 897 
muscle eontraetions, energy for, 331 
nntrient pool, 884-885 
pnlmonary eirenit, blood flow, 660-661 
retienlar tissue, 153 
vitamin D 3 metabolism, 193 
liver lobuleS; 868-869 
liver sinusoidS; 868-869 
living organisms, eharaeteristies of, 4-5 
lobes, brain, 480-483 
lobes, mammary gland, 1013 
lobes, thymus, 750 
lobule, panereas, 604 
lobnles, mammary gland, 1013 
lobnles, testes, 991 
lobnles, thymus, 750 

loeal current, membrane potential, 410-411 

loeomotion, 4-5 

locus, genes, 1052-1053 

logarithm, 64 

loin region, 31, 347 

long, muscle terminology, 347 

long bones, 204, 206-207, 216-217, 281. See also 

bones (osseons tissue) 
long reflexes, 524-525, 835, 861 
longissimns, muscle terminology, 347 
longissimns eapitis muscle, 358-359 
longissimus eervieis muscle, 358-359 
longissimus group muscles, 358-359 
longissimus thoraeis muscle, 358-359 
longitudinal areh, foot, 273 
longitndinal faseienli, eerebrnm and, 484 
longitndinal layer of smooth muscle, small 

intestine, 850 

longitndinal muscle layer, stomaeh, 847, 848 
longus, muscle terminology, 347 
longus eapitis muscle, 358-359 
longus eolli muscle, 358-359 
loose eonneetive tissue, 151,152-153 
low density lipoproteins (LDLs), 897, 908 
lower esophageal sphineter, 843 
lower limb 

appendicular skeleton, 259 

blood vessels, 674-675 

bone fractures, 225 

bone structures, 204-205, 270-271 

eompartments, 387 

deep faseia, 386-387 

fetal development, 216-217 

lymphaties of, 741 

mnseles of, 365-367, 380-381 

nerves of, 444-445 

patellar reflex, 450-451 


lower limb region, 31 
lower motor neuron, 496-497 
lower respiratory traet 

airflow pattern, 794-795 
fnnetions of, 787 
structures of, 794-799 

inbrieation 

synovial joints, 282 
water properties, 61 

lumbar artery, 662, 670 
lumbar curve, 250 

lumbar enlargement, spinal nerves, 430 

lumbar lymphatie trunk, 745 

lumbar nerves, 510, 514 

lumbar plexus, 440-441,444-445 

lumbar puncture, 433 

lumbar region, 31 

lumbar spinal nerves 

gross anatomy, 430-431 
reflexes, diagnostie testing of, 455 
viseeral reflexes, 525, 528-529 
lumbar spine 

loeation and fnnetion, 250 
muscle terminology, 347 
vertebrae, structures of, 251, 254 
vertebral column mnseles, 358-359 
lumbar veins, 663, 671 
inmbosaeral joint, 291 
inmbrieal mnseles, 376-377, 384-385 
lumen, epithelial tissue, 139 
lumen of duct, cuboidal epithelia, 144 
luminal eompartment, testes, 995 
lunate, 264-265 

lunate snrfaee, hip bone, 266-267 

lung eaneer, 820-821 

lungs 

aging and, 820 
airflow pattern, 794-795 
alveolar ventilation, 801, 807 
alveoli, gas exchange, 798-799 
asthma, 795 
baroreeeptors, 526 

bronehi and bronehial branehes, 794-795 

eaneer, 820-821 

ehemoreeeptors, 527 

eystie fibrosis, 789 

fnnetion of, 21 

gas diffnsion, 798-799, 808-813 
gas laws and, 808-809 
gas pressnres and, 802-803 
heart, position of, 688-689 
lobes of, 796-797 

lower respiratory traet fnnetions, 787 
parasympathetie innervation, 515 
psendostratified eolnmnar 
epithelinm, 147 

pnlmonary eirenit, blood flow, 651, 660-661 
pnlmonary disease, 814-815 
serous membranes, 160 
squamous epithelium, 142-143 
sympathetie innervation, 514 
thoraeie eage, 256-257 
thoraeie eavity, 35 
lunula; 190 

luteal phase, ovarian eyele, 1007,1014-1015 
Inteinizing hormone (LH) 

ehemieal structure, 588 
functions of, 594 
negative feedbaek regnlation, 597 
ovarian eyele, 1014-1015 
pnberty, ehanges in, 1049 
testosterone and, 1000-1001 
luxation, joints, 283 
lymph, 151, 741 

as fluid eonneetive tissue, 155 
lymph glands, 749 
lymph nodes, 21,153, 749 


lymphatie eapillaries, 742-743 
lymphatie system 

adaptive immunity, 765-774 
bones, vessels in, 207 
ehylomieron transport, 896-897 
dermis, structures of, 180 
fetal development, 1033 
innate immnnity, 755-763 
interstitial fluid and, 742-743 
introdnetion to, 17, 21 
lymphoeytes, types and fnnetions, 746-749 
lymphoid tissnes and organs, 748-749 
pereentage of body weight, 343 
spleen, 752-753 
structures and fnnetions, 741 
snbelavian vein drainage, 744-745 
thymus, 750-751 
lymphatie trunks, 744-745 
lymphatie valve, 743 
lymphatie vessels, 21, 741, 798-799 
lymphaties, 741 
lymphedema, 745 
lymphoblasts, 627 
lymphoeytes 
defined, 152 

fluid eonneetive tissue, 155 
formation of, 627 
lymphatie system, overview, 21 
thymus and, 20 

types and fnnetions, 625, 638-639, 741, 746-749 

lymphoid leukemia, 643 
lymphoid nodule, 748-749 
lymphoid organs, 748-749 
lymphoid stem eells, 626-627, 746 
lymphoid tissnes, 626-627, 850 
small intestine, 853 
lymphopoiesis, 746 
lymphotoxin, 769 
lysosomes 

endoeytosis, 118 
fnnetion of, 96-97 
introdnetion to, 88-89 
nenrons, 396 

lysozyme, 561, 756, 865, 898,1046 




M line, skeletal mnseles, 310,313, 318-319 
maeroeytie, blood test, 629 
maeroeytie anemia, 642 
maerophages 

alveolar maerophages, 799 
blood eell removal, 632 
fixed maerophages, 152 
free maerophages, 152 
fnnetion of, 119, 757 
inflammation and, 762 
wound repair, 194-195 
maeroseopie anatomy, defíned, 6 
macula, eye, 568 
macula lutea, 565, 568 
maculae, 551 
magnesium (Mg) 

bones storage of, 221 
eleetrolytes, 63 
ion pumps, 117 
pereent of body weight, 45 
sonrees and fnnetions, 966-967 
magnesium ehloride (Mgei^), 63 
magnetie resonanee imaging (MRl), 299 
magnifíeation, mieroseopes, 136-137 
magnus, muscle terminology, 347 
major, muscle terminology, 347 
major calyx, 926 

major histoeompatibility complex (MHC), 

766-767, 768 
malaria, 643 
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malate, 887 

male eondoms, 1016 

male orgasm, 999 

male pronnelens, 1029 

male reprodnetive system. See reprodnetive 

system, male 

malignant melanoma, 179 
malignant tnmors, 126-127 
mallens, 247, 547 
malnntrition, 906-907 

MALT (mneosa-assoeiated lymphoid tissne), 741, 

748-749, 756 
maltase, 892 
maltose, 68-69 
mammary glands 
breast eaneer, 1019 
breastfeeding, 1013,1046 
fnnetion of, 23 
gland strnetnres, 149,1013 
gross anatomy, 1003 
lymphaties of, 741 
myoepithelial eells, 189 
oxytocin and, 595 
pregnaney and, 1042-1043 
prolaetin, 595 
seeretion methods, 148 
stratified enboidal epithelia, 144 
mammary region, 30 
mammillary body, 475-477 
mandible 

gomphosis, 281 

mnsele of neek, 357 

mnseles of faeial expression, 352-353 

mnseles of mastieation, 355 

mnseles of tongne, 356 

nasal complex, 245 

sknll, 234-239 

strnetnres of, 246 

teeth and, 841 

temporomandibnlar joint, 291 

mandibnlar angle, 238, 246 

mandibnlar braneh, trigeminal nerve, 486 

mandibnlar foramen, 246 

mandibnlar fossa, 240 

mandibnlar noteh, 246 

manganese (Mn), 45, 967 

mannal region, 30 

mannbrinm, 256, 285 

Marfan's syndrome, 218 

marginal arteries, heart, 692 

marginal braneh, right eoronary artery, 691 

mass, 43 

mass movements, 859 
mass nnmber, 44-45 
masseter mnsele, 246, 352-353, 355 
mast eell aetivation, 166, 761 
mast eells, defined, 152 
mastieation, mnseles of, 355 
^ mastoid fontanelle, 249 
H mastoid proeess, 237, 238 
H matrix, eonneetive tissne, 151 
H matrix, extracellular, 14 
H matrix, mitoehondria, 98-99 
H matter 
H defined, 43 

H states of, 50-51 

H maturity, 1027 
H maturity, life stage, 1047 
H maxillary artery, 666 
H maxillary bones (maxillae) 

H gomphosis, 281 

W mnseles of faeial expression, 352-353 

nasal complex, 245 
orbital complex, 244 
paranasal sinnses, 790-791 
sknll, 234-240 
teeth, 841 


maxillary braneh, trigeminal nerve, 486 

maxillary sinnses, 245, 790 

maxillary vein, 667 

maximus, muscle terminology, 347 

mean arterial pressnre (MAP), 721 

mean corpuscular hemoglobin eoneentration 

(MCH), 629 

mean corpuscular volume (MCV), 629 
measurement, units of. See units of measnre 
meatus, bone structure, 205 
meehanieal digestion, stomaeh, 848-849 
meehanieal proeessing, defined, 837 
meehanieally gated ehannels, 409 
meehanoreeeptors, 490, 545 
medial, direetional term, 32, 347 
medial border, seapnla, 261 
medial eanthns, 560 

medial eollateral ligament (MCL), knee, 297 

medial eompartment, leg, 387 

medial eondyle, femur, 270 

medial epieondyle, femur, 270 

medial epieondyle, humerus, 262, 296, 372-373 

medial faeet, patella, 271 

medial geniculate nucleus, thalamus, 474-475, 557 

medial intermuscular septum, 386 

medial lemniscus, 495 

medial lemniscus, medulla oblongata, 543 

medial malleolns, tibia, 271, 348, 384-385 

medial menisei, 297 

medial orbital wall, 243 

medial pathway, motor eontrol, 496 

medial peetoral nerve, 442-443 

medial plantar artery, 674 

medial pterygoid muscle, 355 

medial pterygoid plate, 242 

medial rectus muscle, 354 

medial tibial eondyle, 271 

median antebraehial vein, 663, 665 

median apertnres, brain ventrieles, 467 

median enbital vein, 665 

median eminenee, hypothalamns, 593 

median nerve, arm, 442-443 

median nerve, elbow, 386 

median nerve, wrist, 373 

median saeral erest, 255 

mediastinal arteries, 670 

mediastinal veins, 671 

mediastinnm, 35, 688-689 

medium-sized veins, 653 

mednlla, hair, 186 

mednlla, ovary, 1005 

mednlla, thymus, 751 

medulla oblongata 

autonomic nervous system, 513, 528-529 

blood vessels, 668-669 

eardiae eenters, 709, 729 

ehemoreeeptors, 527 

development from neural tube, 463 

equilibrium, sense of, 556 

gnstatory pathway, 543 

hearing, sense of, 557 

motor eontrol, 496-499 

pons and, 469 

respiratory rhythmieity eenter, 468, 526, 816-819 
sensory pathways, 494 
structures and fnnetions, 464-465, 468 
swallowing eenter, 843 
sympathetie aetivation, 518 
mednllary eavity, bone structure, 206-207 
medullary sinus, lymph node, 749 
megakaryoeytes, 627 
Meibomian glands, 560 
meiosis 

eell eyele, 121 
fertilization, 1028 
oogenesis, 1006-1007 
spermatogenesis, 992-995 


Meissner’s eorpnsele, 175,181,493 
melamine, 961 
melanin, 175,187, 570, 595 
melanoeytes 

aging and, 191 
defined, 152 
epidermis, 178-179 
eye, 563, 570 
hair matrix, 186 

melanoeyte-stimnlating hormone (MSH), 595, 597 
melanosomes, 178 
melatonin, 474, 588, 606 
membrane flow, 97 

membrane potential, neural signal transmission 

aetion potential, 412-415 
graded potentials, 410-411 
overview of, 405 

postsynaptie potentials, 418-419 
resting potential, 406-407 

membrane potential, skeletal mnseles, 314-315 
membrane renewal vesieles, 96-97 
membranes. See also plasma membrane 
cutaneous membrane, 160 
mucous membranes, 160 
serous membranes, 160 
synovial membranes, 161 
membranons labyrinth, 548 
membranons organelles, 88,139 
membranons nrethra, 999 
memory B eells, 771, 776-777 
memory eells, immune system, 765 
memory T^. eells, 768-769, 776-777 
memory T^ eells, 770-771 
menarehe, 1011 
meninges, eranial, 466 
meninges, spinal, 432-433 
menisens, 283, 297, 299 
menopanse, 1011 
menses, 1010-1011 
menstrnation, 1010-1011,1025 
mental foramen, 246 
mental protnberanee, 238 
mental region, 30 
mentalis muscle, 352-353 
Merkel eells, 177,492 
meroerine seeretion, 148 
meroerine sweat glands, 149,189 
mesangial eells, 936 
meseneephalon, 463 
mesenehymal eells, 152, 216-217 
mesenterie arteries, 672 
mesenteries, dorsal and ventral, 844-845 
mesentery, structures of, 830 
mesentery proper, 844-845 
mesoeolon, 844-845 
mesoderm, 309,1032-1033 
mesothelinm 

eardiae muscle tissue, 686-687 
digestive traet, 830 
parietal pericardium, 688 
serous membranes, 160 
structure and fnnetion, 142-143 
mesovarium, 1005 

messenger RNA. See mRNA (messenger RNA) 
metabolie aeid-base disorders, 977 
metabolie aeidosis and alkalosis, 978-979 
metabolie obesity, 908 
metabolie pathway 
defined, 58 
synthesis, 58 
vitamins and, 904-905 
metabolie rate, eontrol of, 512-513 
metabolie tnrnover, 883 
metabolism 

absorptive and postabsorptive states, 902-903 
aerobie metabolism, 99 
amino aeids, 900-901 
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balaneed diet and, 906-907 
earbohydrates, 892-893 
eellnlar metabolism, 883-889 
eitrie aeid eyele, 886-887 
defined, 53 

digestion, nntrient pool and, 891 
eleetron transport system, 888-889 
energeties and thermoregnlation, 911-915 
glyeolysis, 894-895 
lipids, 896-899 
metabolie disorders, 908-909 
mnsele eontraetions, energy for, 328-331 
regnlation of, 20, 516 
vitamins and, 904-905 
metabolites, defined, 59 

metaearpal bones, 259,264-265, 365-367, 372-377 

metaearpophalangeal joints, 285, 289 

metaphase, 124-125 

metaphase plate, 125 

metaphyseal artery, 207 

metaphyseal vein, 207 

metaphysis, 206-207, 215 

metaplasia, 821 

metarteriole, 655 

metastasis, 126-127 

metatarsal bones, 259, 270, 272-273, 365-367, 

384-385 

metatarsophalangeal joints, 285 
meter (m), 136 

MHC proteins, 766-767, 770-771 
mieelles, 73, 91, 896 
mieroeytie, blood test, 629 
mieroeytie anemia, 642 
mierofilaments, 90, 92-93 
mieroglia, 400 
mierometers (mm), 12,136 
mieroseopes 

seetional views, 33 
types of, 6,136-137 
mieroseopie anatomy, 6 
mierotnbnles, 92-93 
mierovilli 

ependymoeytes, 400-401 
epithelial tissne, 139,140 
introdnetion to, 88, 89 
simple eolnmnar epithelinm, 146 
strnetnre and fnnetion, 92-93 
taste buds, 541 
mietnration reflex, 954 
midbrain 

autonomic nervons system, 513 
hearing, sense of, 557 
motor eontrol, 496-499 
pons and, 469 
sensory pathways, 494 
structures and fnnetions, 463-465, 472-473 
middle eardiae vein, 693 
middle eerebral artery, 668 
middle eervieal sympathetie ganglia, 514 
middle eolie artery, 672 
middle eolie vein, 673 
middle ear, 546 
middle lobe, lung, 797 
middle meatus, nasal eavity, 790-791 
middle nasal eonehae, 243, 244, 245, 790-791 
middle phalanx, 264-265 
middle pieee, sperm, 993 
middle tnrbinate, 790-791 
middle nmbilieal ligaments, 952 
midsagittal plane, 33 
midsagittal seetion, 33 
milk let-down reflex, 1046 
millimeter (mm), 136 
millimeters of merenry (mm Hg), 803 
mineraloeortieoids, 603, 613, 614-615 
minerals 

body eomposition, 963, 967 


bones, storage in, 203, 208, 221-223 
eleetrolyte balanee, 966-967 
minimal volume, lungs, 804 
minimns, muscle terminology, 347 
minor, muscle terminology, 347 
minor calyx, 926 
mitoehondria 

earbohydrate eatabolism, 893 
eellnlar metabolism, overview, 883 
eitrie aeid eyele, 885, 886-887, 895 
eleetron transport system, 885, 888-889, 895 
energy sonrees, nntrient pool, 885 
epithelial eells, 139 
introdnetion to, 88-89 
muscle eontraetion, 328-333 
muscle fiber types, 332-333 
in nenrons, 396-397 
skeletal mnseles, 309, 310 
structure and fnnetion, 98-99 
thyroid hormones, effeet of, 591 
mitosis, 121,124-125, 992-993 
mitral valve, 694 

mixing waves, gastrie seeretion, 856-857 
moderator band, heart, 694 
molars, teeth, 840 
mole, 55 

moleenlar weight, 55 
moleenles 

atom structure, 43-47 
ehemieal notation, 54-55 
eovalent bonds, 49 
defined, 11 

molybdennm (Mo), 45 
monoblasts, 627 

monoeyte-maerophage system, 757 

monoeytes, 155, 625, 627, 638-639 

monoglyeeride, 71 

monosaeeharides, 68-69 

monosomy, 1056 

monosynaptie reflexes, 448-449 

monozygotie twins, 1041 

mons pubis, 1012 

morula, 1030-1031 

motile eilia, 93 

motion siekness, 577 

motor cortex, brain, 482-483,496 

motor division, peripheral nervons system, 395 

motor end plate, 316-317 

motor humunculus, 496 

motor neurons 

eerebellnm and, 470-471 
eranial nerves, 486-487 
erossed extensor reflexes, 453 
midbrain, 472-473 
motor units and reernitment, 325 
muscle eontraetion, 316-317 
muscle fiber tension, 323 
reflexes, diagnostie testing of, 454-455 
reflexes, fnnetion of, 448-449 
somatie motor pathway, 496-497 
spinal nerves, 438-439 
streteh reflex, 450-451 
motor nuclei, spinal eord, 434 
motor pathways 
overview of, 489 
reeeptors, 490-495 
mouth. See oral eavity (mouth) 
movement 

biologieal proeesses, 4-5 
eilia, 93 
flagella, 93 

muscular system, overview, 19 
skeletal system, overview, 18 

mRNA (messenger RNA), 79,104-109 
mtDNA (mitoehondria deoxyribonucleic aeid), 

98-99 

mucin, 148,149 


mucosa (mucous membranes) 

digestive traet, 830-831 
esophagus, 842 
oral eavity, 838-839 
respiratory system, 788 
small intestine, 850-851 
stomaeh, 848-849 
structures of, 160 
ureter, 953 
urethra, 953 
urinary bladder, 953 

mucosa-associated lymphoid tissue (MALT), 741, 

748-749, 756 
mucous (goblet) eells, 149 

respiratory system, 788-789 
salivary glands, 865 

mucus 

eystie fibrosis (CF), 789 
defined, 148 
nasal complex, 245 
proteetive fnnetions, 756 
mucus esealator, 788 
multifundis muscle, 358-359 
multinucleate eells, 164 
multiple births, 1041 
multiple selerosis (MS), 427, 501 
multipolar neurons, 398 
multi-unit smooth muscle eells, 833 
mumps, 872 
muscarine, 517, 535 
mnsearinie reeeptors, 517 
muscle eontraetions 

aetion potentials, 314-315 
ATP use, 318-319 
body temperature regulation, 915 
bone, muscle attaehments, 308 
eardiae vs. skeletal mnseles, 706-707 
eleetrieal eharges, skeletal mnseles, 311 
energy needs for, 328-333 
introdnetion to, 164 
isotonie and isometrie, 326-327 
motor nenrons, 316-317 
muscle fiber types, 332-333 
muscle tension, 321-325 
skeletal mnseles, 310-319 
sliding filament theory, 312-313 
small intestine, 851 
smooth muscle eells, 832-833 
muscle faseiele, 308 
muscle spindles, 451 

muscle tissue. See also muscles, eardiae; muscles, 

skeletal; muscles, smooth; muscular system 

eontraetions by type, 164 
defined, 135 

dense eonneetive tissue, 154 
differentiation, 87 
eleetrolytes, fnnetion of, 63 
energy eonversion reaetions, 53 
glyeogen, 69 

introdnetion to, 14,15,163 
pereentage of body weight, 163 
regeneration, 166-167 
muscle tone, 325 
mnseles, eardiae 

antonomie nervons system, 395, 

509, 516 

eontraetions, 164, 706-707 
heart tissue, 6 
neurons and, 399 
reflexes, fnnetion of, 448-449 
structures of, 15,163, 307, 686-687 
treppe, 324 
mnseles, skeletal 

aetion potentials, 314-315 
appendienlar mnseles, 343, 348-349, 365-367 
arm mnseles, 262-263, 294, 296, 370-373 
atrophy, 334 
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muscles, skeletal {continued) 

attaehment to bone, 262-263, 266-267, 308 

axial muscles, 343, 348-349, 351 

blood vessels, 308 

body temperature regulation, 915 

cerebellum, eontrol of, 470-471 

eerebrnm, eontrol of, 478-479 

eonneetive tissue, 308 

eontraetions, 310-319, 326-333, 706-707 

erossed extensor reflexes, 453 

deep faseia, 386-387 

development of, 309 

eye, extrinsic muscles, 354 

for faeial expression, 352-353, 486-487, 507 

fibers, 308-311 

foot and toe movement, 382-385 
glyeogen reserves, 331 
growth patterns, 611 
hand movement, 372-377 
hormone binding, effeets of, 591 
hypertrophy, 334 

isotonie and isometrie eontraetions, 326-327 
leg muscles, 266-267, 270, 271, 380-381 
mastieation muscles, 355 
muscle fibers, 308 

muscle fibers, fast, slow, and intermediate, 332-333 

muscle tension, 321-325 

muscles of thigh movement, 378-379 

muscular dystrophy, 334 

muscular system, 343 

myofibrils, 310-311 

neek, anterior muscles, 357 

nervous system, motor neurons, 308, 316-317, 

325, 397, 399 

nervous system, parasympathetie, 517 
nervous system, somatie, 395, 496-499 
nutrient pool, 884-885 
peetoral girdle, 368-369 
pelvie floor muscles, 362-363 
pereent body weight, 343 
pharynx, 356 

power and leverage, 344-345 
range of motion, 344-345 
reflexes, function of, 448-449 
regeneration of, 308, 309 
respiratory muscles, 804-805 
sareomeres, 310-311 

sliding filament theory of eontraetion, 312-313 
spinal eord eonneetions, 435, 

438-439 

streteh reflex, 450-451 

structure and function, 12,15, 307, 308-309 

terminology and naming, 346-347 

thoraeie eage, 256-257 

tongue muscles, 356 

of trunk, 360-361, 366-367 

vertebral column, 358-359 

| withdrawal reflex, 452 
muscles, smooth 

arteries and veins, wall structures, 652-653 

autonomic nervous system, 395, 509, 516, 519 

blood elotting response, 640 

eapillary blood flow, 655 

digestive traet, 830-835 

eye, pupillary muscles, 565 

neurons, 399 

oxytocin and, 595 

reflexes, function of, 448-449 

regeneration of, 167 

spinal nerves, 438-439 

stomaeh, 847 

structures and functions, 12,15, 307, 832-833 
swallowing, 842-843 
urethra, 953 
uterus, 1008 

muscular arteries, 653 
muscular dystrophy, 334 


muscular system 

autonomic nervous system effeets, 523 
elinieal eonditions, 335 
defined, 343 
fetal development, 1033 
introduction to, 16-17, 19 
puberty, ehanges in, 1048-1049 
muscularís externa, 830, 831, 848, 850-851 
muscularis externa, stomaeh, 847 
muscularis mucosae, 831, 848-849 
musculocutaneous nerve, 440, 442-443, 455 
mnshroom poisoning, 517 
mntations, tumors and eaneer, 126-127 
myasthenia gravis, 335 
myeleneephalon, 463 
myelin, 401,427, 501 
myelin sheath, 401 
myelinated axons, 401,402-403 
myeloblasts, 627 
myeloeytes, 627 
myeloid lenkemia, 643 
myeloid stem eells, 626-627 
myeloid tissue, 633 

myenterie plexus, 835, 850, 856-857, 861 
myenterie reflexes, 835 
mylohyoid line, mandible, 246 
mylohyoid muscle, 357 
myoblasts, 309 
myocardium, 6, 686-687 
myoepithelial eells, 189 
myofibrils, 309 

eardiae muscle tissue, 687 
motor neurons, 316-317 
muscle fiber types, 332-333 
skeletal muscles, 310-311 
sliding filament theory of eontraetion, 312-313 
myofilaments, 310-311 
myoglobin, 332-333 
myogram, 323 

myometrium, 1008,1010-1011 
myopia, 575 

myosatellite eells, 308, 309 
myosin, 313, 318-319, 832-833 
myotaetie reflex, 450-451 
MyPlate, 906 




NAD (nieotinamid adenine dinneleotide), 886-887, 

889, 894-895, 898-899 
nail bed, 190 
nail body, 190 
nail root, 190 
nails, 18,185,190 
nanometer (nm), 6,136 
nares, 790-791 
nasal bones 

muscles of faeial expression, 352-353 
nasal eavity, 790-791 
nasal complex, 245 
skull, 234-240 
nasal eartilage, 790-791 
nasal eavity 

ethmoid bone, 243 
function of, 21 
nasal complex, 245 
nasolaerimal duct, 561 
orbital complex, 244 
palatine bones, 243 
pseudostratified columnar 
epithelium, 147 
structures of, 791 
upper respiratory traet, 787 
nasal complex, 245 
nasal erest, palatine bones, 243 
nasal glands, 513 
nasal region, 30 


nasal septum, 156, 243, 790 
nasal vestibnle, 791 

nasalis, muscle terminology, 347, 352-353 

nasolaerimal eanal, 244 

nasolaerimal duct, 244, 561 

nasolaerimal ducts, 790 

nasopharyngeal meatus, 791 

nasopharynx, 791, 843 

natrinretie peptides, 610, 727 

natnral family planning, 1017 

natnral killer (NK) eells, 746, 758-761, 776-777 

natnrally acquired aetive immunity, 765 

natnrally acquired passive immunity, 765 

navel, 30, 31 

navienlar bone, 272-273 
near point of vision, 567 
nebnlin, 312-313 

neek. See also esophagns; larynx; pharynx 
blood vessels, 664-667 
eervieal nerves, 430-431, 441 
eervieal spine, 240, 250-252 
flexion, 286 
lymph nodes, 749 
muscle terminology, 347 
mnseles of, 357 
neek, body regions, 30, 31 
neek, bone structure, 205 
neek, femur, 270 
neek, gallbladder, 870 
neek, penis, 998 
neek, radius, 263 
neek, sperm, 993 
neek, tooth, 840 
neek, nrinary bladder, 952 
negative feedbaek, 26, 596-597 
negative logarithm, 64 
neon (Ne), 46 
neonatal period, 1046 
neoplasia, 821 
neoplasm, 126-127, 821 
nephron loop, 927, 928, 934-935 
nephrons 

fìltration fnnetion, 934-939 
glomernlar filtration rate, 938-939 
osmotie eoneentration gradient, 942-943 
reabsorption and seeretion, 940-941 
renal fnnetion overview, 946-947 
structures of, 927-929 
nerve, defined, 399 
nerve deafness, 577 
nerve plexuses, spinal nerves, 440-441 
nervons system. See also brain; neural tissue; 

reflexes,* spinal eord 
arm, 262 

autonomic {See antonomie nervons system (ANS)) 

Bell’s palsy, 507 

blood vessel eontrol, 654-655 

bones, structures in, 207, 213 

eardiovasenlar system regnlation, 724-731 

earpal tunnel syndrome, 373 

eompartment syndrome, 387 

eranial nerves, branehes and fnnetions, 486-487 

dermis, 180,181 

diabetie nenropathy, 607 

digestive traet, 831, 835, 850, 

856-857, 861 
disorders of, 335, 500-501 
divisions of, 395 
endoerine system and, 587 
fetal development, 559,1033,1040 
gnstatory pathway, 543 
hair papilla, 186 
herniated dise, 293 
hip joint, 266-269 

integnmentary system, fnnetions of, 175 
introdnetion to, 13,16-17,19 
kidneys, 931 
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leg eompartments, 387 
mandible, 246 
motor nenrons, 316-317 
motor units and recruitment, 325 
multiple selerosis (MS), 427 
muscle eontraetions, 311 
neural circuits, 447 
olfaetion, 537-539 
orbital complex, 244 
organization and functions, 529 
pereentage of body weight, 343 
puberty, ehanges in, 1048-1049 
reeeptors, 490-495 

reflexes, diagnostie testing of, 454-455 
respiratory reflexes, 818-819 
salivary reflex, 864 
sexual response, 999 
skeletal muscles, 308 
skull foramina, 240-241 
smooth muscles, multi-unit and viseeral, 833 
stress response, 612-613 
synovial joints, 283 
urinary system, 954 
vertebral foramen, 250, 251 
net fìltration pressnre (NFP), 722-723, 937 
nenral eirenits, 447 
nenral folds, 1040 
nenral plate, 1040 
nenral responses, 939 

nenral tissne. See also brain; nervons system; 

reflexes; spinal eord 

aetion potential, 412-415 
erossed extensor reflexes, 453 
defined, 135 
differentiation, 87 
disorders of, 500-501 
energy for, 884-885 

gated ehannels, plasma membrane, 408-409 

graded potentials, 410-411 

information proeessing, 420-421 

introduction to, 15 

membrane potential, overview, 405 

nervous system divisions, 395 

neural circuits, 447 

neuroglia (glial eells), 400-401 

pereentage of body weight, 163 

postsynaptie potentials, 418-419 

resting potential, 406-407 

Schwann eells, 402-403 

shingles, 437 

signal transmission, 405-421 
streteh reflex, 450-451 
structure and function, 165, 396-399 
synapses, 416-417 

neural tube, 463 
neurocoel, 463, 559 
neuroendocrine reflex, 595 
neuroepithelium, 138-139 
neurofibrils, 396 
neurofilaments, 396 
neuroglandular synapses, 397 
nenroglia (glial eells), 15,165,400-401 
nenrohypophysis, 522, 594 
nenrolemma, 402-403 

neuromuscular jnnetion (NMJ), 316-317, 397, 

416-417 

nenronal pools, 447 
nenrons (nerve eells) 

aetion potentials, muscle eontraetions, 314-315 
fetal development, 559,1033,1040 
introduction to, 13 
muscle eontraetions, 311 
muscle tension, 321-325 
neural tissue, 15 
skeletal muscles, elinieal 
eonditions, 335 

structure and function, 165, 396-399 


nenropeptide Y (NPY), 912 
nenrotransmitters 

aeetyleholine, 316-317 
graded potentials, 410-411 
information proeessing by, 420-421 
membrane potential, overview, 405 
motor neurons, 316-317 

nervous and endoerine system eomparison, 587 
overview, 396-399 

parasympathetie nervous system, 517 
postsynaptie potentials, 418-419 
sympathetie nervous system, 516 
synapses, 416-417 

neurotubules, 396 

neutral fats, 71. See also triglyeerides 
neutral pH, 64-65, 974 
neutralization, antibodies, 774 
nentrons, 43,44 

nentrophils, 152,155, 625, 627, 638-639, 757 
niaein, 905 
nieotine, 517 
nieotinie reeeptors, 517 
nipple, 1013 
Nissl bodies, 396 
nitrie oxide, 999 
nitrogen (N), 45, 966-967 
nitrogenons base, 78-79,123 
nitrogenons wastes, 909 
noble gases, 46 
noeieeptors, 490, 525 
nodes, axons, 401,402-403 
nodes of Ranvier, 415 
nondisplaeed fraetnre, 225 
nonkeratinized, 143 
nonmembranons organelles, 88 
nonpolar moleenle, 49, 63 
nonshivering thermogenesis, 915 
nonspeeifie resistanee, immune system, 755-763 
norepinephrine (NE) 
adrenal gland and, 592 
blood loss, response to, 730-731 
eardiovasenlar system regnlation, 523, 708-709, 
724-731 

ehemieal structure, 588 
endoerine disorders, 614-615 
fluid balanee regnlation, 969 
nervons and endoerine system eomparison, 587 
stress response, 612-613 
structure and fnnetion, 420, 603 
sympathetie nervons system, 516, 518 
normal saline, 115 
normoblast, 633 
normoehromie, 629 
nose. See also nasal bones; nasal eavity 

eranial nerves, branehes and fnnetions, 486-487 
muscle terminology, 347 
olfaetion, 537-539 
upper respiratory traet, 787 
nuchal, muscle terminology, 347 
nnelear envelope, 89, 94,102 
nnelear pores, 102 
nneleases, 871 
nuclei, muscle fibers, 309 
nuclei, spinal eord, 434 
nuclei of medial pathway, 496 
nucleic aeid, 67, 78-79. See also DNA 

(deoxyribonucleic aeid); RNA (ribonucleic 
aeid) 
nucleoli, 102 
nucleolus, 396-397 
nucleoplasm, 102 
nucleosomes, 103 
nucleus, atom, 43 
nucleus, eell 

epithelial eells, 139,142,144,147 
homeostasis and, 101 
interphase, 122-123 


introdnetion to, 88-89 
mitosis, 124-125 
muscle eells, 164 
in nenrons, 396-397 
Schwann eells, 402-403 
structure and fnnetion, 102-103 
nucleus cuneatus, 468 
nucleus graeilis, 468 
nucleus pulposus, vertebrae, 292-293 
nurse eell, sperm, 995,1001 
nursemaid's elbow, 296 
nutrient absorption, digestive proeess, 891 
nntrient absorption, intestines, 850-853 
nntrient artery, bones, 207 
nntrient foramina, bones, 207 
nntrient pool, 883, 884-885 
nntrient transport, synovial joints, 282 
nntrient vein, bones, 207 
nntrients. See also digestive system 
absorption of, 13 
bone, storage of, 221-223 
bone, supply to, 207, 208, 211 
defined, 59 

extracellular fluid circulation, 155 
Golgi apparatns, 97 
inflammatory response, 167 
neural tissue, 165 
storage in mnseles, 307 

transport in blood, 654-655, 721-723, 884-885 

nntrition 

balaneed diet, 906-907, 915 
defined, 904 

metabolie disorders, 908-909 


O 


obesity, 881, 908 

objeetive lens, mieroseope, 137 

obligatory water reabsorption, kidney, 944-945 

oblique, direetional term, 347 

oblique fissure, lung, 797 

oblique muscle layer, stomaeh, 847, 848 

oblique muscles, 360-361,444-445, 804 

obturator artery, 674 

obturator externus muscle, 378-379 

obturator foramen, 267, 268-269 

obtnrator internns muscle, 378-379 

obturator nerve, 440, 444-445 

obtnrator vein, 675 

oeeipital artery, 666 

oeeipital bone 

atlantooeeipital joint, 291 

falx eerebri, 466 

fetal development of, 216-217 

fontanelles, 248-249 

mnseles of faeial expression, 352-353 

skull, 234-241 

vertebral column mnseles, 358-359 . 

oeeipital eondyles, 240 m 

oeeipital fontanelle, 248-249 I 

oeeipital lobe, 480-481 I 

oeeipital sinus, 669 H 

oeeipital vein, 667 H 

oeeipitofrontalis muscle, 348, 349, 352-353 H 

occlusal surface, 840 H 

occlusion, blood vessel, 660 H 

ocular, muscle terminology, 347 H 

ocular conjunctiva, 560 H 

ocular lens, mieroseope, 137 H 

ocular region, 30 H 

oenlomotor nerve (111), 354,486-487 H 

odontoid proeess, 252 ^ 

odorants, 539 
oils, 63, 70-71 
oleeranal region, 31 
oleeranon, ulna, 263, 296, 372-373 
oleeranon fossa, humerus, 262 
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olfaetion, 537-539, 576 
olfaetory bulb, 486, 538 
olfaetory cortex, 482-483, 538 
olfaetory epithelium, 538, 539 
olfaetory glands, 539 
olfaetory nerve (I), 486-487, 539 
olfaetory organs, 538 
olfaetory reeeptor eells, 539 
olfaetory snpporting eells, 539 
olfaetory traet, 486, 538 
oligodendroeytes, 400-401 
olignria, 955 
olivary nucleus, 468,469 
olive, 468 

omega-3 and omega-6 fatty aeids, 899 
omental appendiees, 859 
omohyoid muscle, 357,441 
ooeyte 

ehromosomes, 103 
fertilization, 1028-1029 
introdnetion to, 13, 23 
reprodnetive traet and, 1003-1007 

ooeyte aetivation, 1028 

oogonia, 1006 

open fraetnres, 225 

ophthalmie artery, 668 

ophthalmie braneh, trigeminal nerve, 486 

opponens digiti minimi muscle, 376-377 

opponens pollieis muscle, 376-377 

opportunistic infeetions, 779 

opposition, 289 

opsin, 570, 572-573 

opsonization, 761, 774 

optie eanal, 241, 242 

optie ehiasm, 474-475, 574 

optie cups, 559 

optie dise, 568 

optie nerve (11), 354, 486-487, 559, 562, 564 
optie radiation, 574 
optie traet, thalamns, 474-475 
optie vesieles, 559 

optimal resting length, muscle tension, 322 
ora serrata, 563 
oral eavity (mouth) 

body regions, 30 
eranial nerves, 486-487 
digestion and, 829, 837, 838-839 
fnnetion of, 22 
gland strnetnres, 149 
mandible, 246 
mnsele terminology, 347 
mnseles of, 352-353, 356-357 
periodontal disease, 872 
salivary glands, 864-865 
stratified squamous epithelium, 143 
teeth, 840-841 
oral eontraeeptives, 1016 
oral mucosa, 838-839 
^ oral region, 30 

H orbienlaris, muscle terminology, 347 
H orbienlaris oculi muscle, 352-353 
H orbicularis oris muscle, 352-353 
H orbital complex, 244, 352-353 
H orbital proeess, palatine bones, 243 
H orbital region, 30 
H orbital wall, 243 
H organ, deíìned, 11,16 
H organ of Corti, 552-553, 557 
H organ systems 

H autonomic nervons system, 512-513 

H defined, 11 

W dense eonneetive tissue, 154 

fetal development, 1040-1041 
overview of, 16-23 
skeletal mnseles, snpport by, 307 
smooth muscle tissue, 307 
viseeral reflexes, 525 


organ transplants, 778, 949 
organelles, 88, 396 
organie aeids, 973 
organie eomponnds 
earbohydrates, 68-69 
functional groups, 67 
introduction to, 67 
lipids, 70-73 
proteins, 74-76 
organie nntrients, 59, 625 
organie wastes, blood transport, 625 
organism, 11 

organogenesis, 1040-1041 
orgasm, 595, 999 

origin, mnseles, 346. See also speeifie muscle 

names 

oris, muscle terminology, 347 

oropharynx, 791 

osmolarity, 115, 945 

osmoreeeptors, 595 

osmosis, 114-115, 940-943 

osmotie eoneentration, 115, 945 

osmotie eoneentration gradient, kidneys, 942-943 

osmotie equilibrium, fluid balanee, 964-965 

osmotie flow, 114 

osmotie pressnre, 114 

osseons (bone) tissue. See bones (osseons tissue) 

ossifieation, 208 

ossifieation eenter, 216-217 

osteoarthritis, 298-299 

osteoblasts, 208, 212-213, 215, 216-217 

osteoelastie erypts, 213 

osteoelasts, 209, 213 

osteoeytes, 159, 208, 212-213, 216-217 

osteogenesis, 208 

osteogenie eells, 209 

osteoid, 208, 213, 216-217 

osteolysis, 209 

osteon, 159 

osteons, 207, 210-211, 216-217 
osteopenia, 293 
osteoporosis, 293 
otie ganglia, 513 
otie ganglion, 515 
otie region, 30 
otitis media, 546 
otolithie membrane, 551 
otoliths, 551 

oval window, 547, 549, 552-553, 577 

ovarian eaneer, 1019 

ovarian eyele, 1007,1014-1015 

ovarian follieles, 1007 

ovarian hilum, 1005 

ovarian ligament, 1005 

ovaries 

blood vessels, 670-671 
endoerine fnnetion, 589 

female reprodnetive eyele regnlation, 1014-1015 
hormonal eontrol, 594, 597 
parasympathetie innervation, 515 
structures and fnnetions, 20, 23, 35,1004-1005 
sympathetie innervation, 514 
ovnlation, 1007 
ovum, 87,1006 
oxaloacetate, 887 

oxidative phosphorylation, 888-889 
oxygen (O). See also respiration 

biologieal proeesses, 4-5 

blood transport, 810-813 

in earbohydrates, 68-69 

eellnlar metabolism, 885 

ehemieal notation, 54-55 

ehemoreeeptors, 527 

eovalent bonds, 49 

gas laws and diffnsion, 809 

hemoglobin binding and, 631, 810-813 

inflammation, blood flow, 167 


lipids, 70-71 

muscle eontraetions, 329-331 
muscle fiber types, 332-333 
pereent of body weight, 45 

oxygen debt, muscle eontraetion, 331 
oxygen-hemoglobin satnration curve, 810-811 
oxyhemoglobin (HbOa), 631, 810-813 
oxyphil eells, 600 
oxytocin (OXT) 

breastfeeding, 1046 

fnnetions of, 595 

negative feedbaek regnlation, 597 

pregnaney, labor and delivery, 1044-1045 

synthesis of, 592-593 




P wave, ECG, 714 

paeemaker, heart, 523, 704-705 

paeemaker potential, 708-709 

paeesetter eells, 833 

paeinian eorpnsele, 175,181,493 

paeked eell volume (PCV) blood, 624 

pain 

eerebral cortex and, 482-483 
erossed extensor reflexes, 453 
inflammation, 167 
nervons system, 395, 399 
prostaglandins, 72 
referred pain, 500 
sensory reeeptors, 490-495 
sensory systems, 18 
withdrawal reflex, 452 
paired lateral sinnses, 669 
palatal mnseles, 356,486-487 
palatine bones 

nasal complex, 245 
orbital complex, 244 
shapes and markings, 243 
skull, 234-240 
palatine tonsil, 748 
palatoglossns muscle, 356 
palm, 30 

palmar arterial areh, 662, 664 

palmar digital nerves, 442-443 

palmar interossens muscle, 376-377 

palmar region, 30 

palmar venous areh, 663, 665 

palmaris brevis muscle, 376-377 

palmaris longus muscle, 348, 372-373, 442-443 

palpebra (eyelid), 560 

palpebra, muscle terminology, 347 

palpebral eonjnnetiva, 560 

palpebral fissnre, 560 

panereas 

autonomic nervons system effeets, 514, 515, 
519, 522 

blood vessels, 672-673 
digestive system, 829, 837, 863 
endoerine and exocrine fnnetion, 589, 871, 892 
fluid balanee, 964 

fnnetions and structures, 20, 22, 604-605 
gland structures, 149 
hormones, ehemieal structure, 588 
loeation of, 35 

stratified eolnmnar epithelinm, 147 
stress response, 613 

panereatie aeinar eells, 871 
panereatie aeini, 604, 871 
panereatie alpha-amylase, 871, 892 
panereatie artery, 672 
panereatie ducts, 604, 871 
panereatie islets, 589, 604 
panereatie juice, 871 
panereatie lipase, 871, 896 
panereatie lobnles, 871 
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panereatie polypeptide (PP), 604 
panereatie vein, 673 
panereatieodnodenal vein, 673 
Panereatitis, 873 
pantothenie aeid, 905 
papillary duct, nephron, 929 
papillary layer, dermis, 175 
papillary muscles, 694, 696 
paraerine eommnnieation, 587 
paraerine faetors, 587, 588 
parahippoeampal gyrus, 476-477 
parallel muscles, 344 
parallel proeessing, neural circuits, 447 
parallelogram, muscle terminology, 347 
paralysis, polio, 335 

paranasal sinnses, 21, 245, 787, 790-791 
parasagittal seetion, 33 
parasympathetie aetivation, 519 
parasympathetie ganglion, 519, 831 
parasympathetie nervons system 
digestive traet, 831, 835, 864 
heart rate regulation, 708-709 
long reflexes, 835 
motor eontrol, levels of, 528-529 
organization of, 513 
structures and fnnetions, 510 
nrinary system eontrol, 954 
viseeral eontrol, overview of, 521-532 
viseeral reflexes, 524-525 
parasympathetie postganglionie fibers, 709 
parasympathetie preganglionie fiber, 709 
parathyroid gland, 20, 221-223, 589, 600-601 
parathyroid hormone (PTH) 
antagonistie effeets, 609 
ealeinm regnlation, 222-223, 600-601 
endoerine disorders, 614-615 
growth patterns, 611 
integrative effeets, 609 
parietal bone 

fetal development of, 216-217 
fontanelles, 248-249 
skull, 234-241 

parietal eells, 849, 857 

parietal lobe, brain, 480-481 

parietal perieardinm, 686-687 

parietal peritonenm, 844-845 

parietal pleura, 745, 798-799 

parieto-oeeipital sulcus, 481 

Parkinson’s disease, 500 

parotid duct, 864 

parotid salivary gland, 513, 864 

paroxysmal atrial taehyeardia (PAT), 715 

partial antigen, 772-774 

partial pressnre, gas laws, 808-813 

partial-thiekness burns, 182-183 

partnrition, 1045 

patella 

appendicular skeleton, 259 
foot and toe movement, 382-383 
knee joint, 270-271, 297 
leg movement, 380-381 
MRI of, 299 
mnseles and, 348 
synovial joints, 283 
patellar bone structure, 204 
patellar ligament, 271, 283, 380-383 
patellar reflex, 450-451, 454-455 
patellar region, 30 
patellar snrfaee, femur, 270 
patent ductus arteriosus, 677 
patent foramen ovale, 677 
pear-shaped, muscle terminology, 347 
peetinate, muscle terminology, 347 
peetinate mnseles, 694 
peetineal line, hip bone, 267 

peetinens muscle, 348, 366-367, 378-381,444-445 
peetoral fat pad, 1013 


peetoral girdle 

appendienlar skeleton, 259 
braehial plexus, 442-443 
muscles of, 365-369 
sternoclavicular joint, 291 
structures of, 260-261 

peetoralis major muscle, 344, 348, 366-367, 

370-371,442-443 

peetoralis minor muscle, 366-367, 368-369, 804 
pedal region, 30 
pedieels, 936 

pedieles, vertebrae, 251, 254 
pelvie brim, 269 

pelvie eavity, 35, 514. See also abdominopelvie 

eavity 

pelvie diaphragm, 362-363 
pelvie floor, mnseles of, 362-363 
pelvie girdle 

appendicular skeleton, 259 
hip bone, 266-267 
saeroiliae joint, 291 

pelvie inlet, 269 
pelvie lymphaties, 741 
pelvie nerves, 515, 835, 954 
pelvie outlet, 269 
pelvie region, 30 

pelvie sympathetie ehain, antonomie nervons 

system, 511 

pelvis 

antonomie nervons system, 513 
blood vessels, 674-675 
body regions, 30 

bone structure, 204, 205, 268-269 
fìbroeartilage, 156 

muscle of thigh movement, 378-379 

mnseles of, 365-367 

mnseles of leg movement, 380-381 

penile nrethra, 999 
penis 

elastie tissue, 154 
gross anatomy, 989, 990-991 
parasympathetie innervation, 515 
structures and fnnetions, 23, 998-999 
sympathetie innervation, 514 
pennate mnseles, 344 
pentose, 68 
pepsin, 849, 900 
pepsinogen, 849, 900 
peptie ulcer, 873 
peptidase, 900-901 
peptide bonds, 74 
peptide hormones, 588, 594-595 
peptides, 74 
pereeption, 489 
perforating eanals, bone, 211 
perforating fibers, bone growth, 213 
perforins, 758, 769 
perieardial arteries, 670 
perieardial eavity 
heart and, 688-689 
mesothelinm, 142-143 
structure and fnnetion, 34, 35 
perieardial sae, 686-689 
periearditis, 688-689 
perieardinm, 34,160, 686-687 
periehondrinm, 157,158 
perikaryon, 396 
perilymph, 548, 553, 555 
perimetrium, 1008,1010-1011 
perimysium, 308 
perinephrie fat eapsnle, 925 
perinenm 

nerves of, 444-445 
pelvie floor mnseles, 362-363 
perineurium, 436 
perinuclear spaee, 102 
periodontal disease, 872 


periodontal ligament, 281, 840 
periosteal arteries, 207 
periosteal veins, 207 
periostenm 

bone growth, 209, 212-213 
bone structure, 158-159, 207, 210 
bones, fetal development of, 215 
joint eapsnle, 282 

peripheral adaptation, 491 
peripheral nerve, 399 

peripheral nervons system (PNS). See also nervons 

system; neural tissue 
dense eonneetive tissue, 154 
glial eells, 400-401 
introduction to, 19 
neural circuits, 447 
neural tissue, 15, 399 
neurotransmitters, aetion on, 420 
organization of, 529 
structures and fnnetions, 395 
peripheral proteins, 90,140 
peripheral resistanee, 717, 720-721 
peristalsis, 834-835, 859, 861, 953 
peritoneal eavity 

mesenteries, 844-845 
mesothelinm, 142-143 
serous membranes, 160, 830 
structure and fnnetion, 35 
peritoneal membrane, 844-845 
peritonenm, 35,160 
peritubular eapillaries, 931, 940-941 
permeability, eell membrane, 111 
permeability, epithelial tissue, 138-139 
permissive effeets, hormones, 609 
pernieions anemia, 642 
peroneal vein, 675 
peroxisomes, 88-89 
perpendienlar plate, ethmoid bone, 243 
perpendienlar plate, palatine bones, 243 
perspiration, 26,177,189,191, 913 
pestieides, 889 
petrosal sinus, 669 
petrous part of temporal bone, 239 
Peyer’s patehes, 748 
PF-3, platelet faetor, 641 
PH 

blood, 624, 811-813, 816-819 
blood, aeid-base balanee, 973 
blood, buffer systems, 975-977 
blood, potassium balanee and, 971 
homeostasis and, 64-65, 527 
introdnetion to, 64-65 
metabolie aeidosis and alkalosis, 978-979 
muscle eontraetions, laetie aeid and, 329-331 
respiratory aeidosis and alkalosis, 980-981 
saliva, 865 

stomaeh, 849, 856-857 
terminology, 974 
urine, 945 

phagoeytes 

antibody attraetion of, 774 
fluid eonneetive tissue, 155 
function of, 119, 755, 757, 763, 777 
inflammation and, 167, 762 
wound repair, 194-195 
phagoeytosis, 119 
phagosomes, 119 
phalangeal, 30 
phalanges 

appendienlar skeleton, 259 
body regions, 30 
foot bones, 270, 272-273 
foot mnseles, 365-367, 382-385 
hand bones, 264-265 
hand mnseles, 365, 372-377 
pharyngeal arehes, 839 
pharyngeal eonstrietor mnseles, 356,487 
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pharyngeal phase, swallowing, 843 
pharyngeal tonsil, 748 
pharynx 

blood vessels, 666-667 
eranial nerves, 487 
digestive traet, 829, 837 
fnnetion of, 21 , 22 
hyoid bone, 247 
mnseles of, 356 
respiratory system, 791 
stratified squamous epithelium, 

143, 789 

swallowing, 842-843 
taste reeeptors, 540 
upper respiratory traet, 787 

phasie reeeptors, 491 
phenotype, 1051-1057 
phenylalanine, 909 
phenylketonnria (PKU), 909 
phonation, 793 
phosphate (PO/“) 

bones, storage in, 12, 203, 209, 221 
eleetrolytes, 63 

sonrees and fnnetions, 966-967 

phosphate bnffer system, 975-977 
phosphate gronp (—PO 4 ) 

high-energy reaetions (AMP, ADP, ATP), 77 
nneleie aeids (DNA, RNA), 78-79 
phospholipids, 73 
structure and fnnetion, 67 
phosphodiesterase (PDE), 573 
phosphoenolpyrnvate, 894-895 
3-phosphoglyeerate, 894-895 
phospholipid bilayer, 90-91 
phospholipids, 67, 71, 73, 94 
phosphorie aeid, 973 
phosphorns (P) 

pereent of body weight, 45 
sonrees and fnnetions, 966-967 
vitamin D 3 and, 193 
photon deteetion, eye, 570-573 
photoreeeptor eells, 559, 562-563, 564, 568-573 
photorefraetive kerateetomy (PRK), 575 
phrenie nerve, 440-441 
phrenie vein, 671 

physieal barriers, immnne system, 755, 756, 763 
physiology 

anatomy and, 8-9 
biologieal proeesses, 4-5 
eells, introdnetion to, 12-13 
ehemieal reaetion types, 56-57 
defined, 7 

homeostatie regnlation, 25-27 
levels of organization, human body, 11 
organ systems, overview, 16-23 
tissnes, introdnetion to, 14-15 
water, fnnetions of, 62-63 
pia mater, eranial, 466,467 
^ pia mater, spinal eord, 432-433 
I pigment eells, eye, 559, 562-563, 564, 570 
H pigments, hair, 187 
H pigments, skin, 178-179 
H pineal gland 

H antonomie nervons system effeets, 522 
H eapillaries in, 654 

H endoerine fnnetion, 589 

H gross anatomy, 474, 478 

H limbie system, 476-477 

H melatonin, 588 

H structures and fnnetions, 20 , 474, 606 

H pineal tnmors, 606 
W pinealoeytes, 606 
pink pnffers, 815 
pinoeytosis, 119 

piriformis, mnsele terminology, 347 
piriformis mnsele, 378-379 
pisiform, 264-265 


piteh, sonnd, 555 
pitnitary fossa, 242 
pitnitary gland 

blood, pressnre and volume 
regulation, 610 
blood vessels, 668 
body temperatnre regnlation, 915 
bone abnormalities, 218-219 
eapillaries in, 654, 655 
eranial nerves, 486 
endoerine disorders, 614-615 
endoerine fnnetion, 589 

female reprodnetive eyele regnlation, 1014-1015 
hormones of, 588, 594-595 
hypothalamns and, 475, 592-593 
negative feedbaek regnlation, 596-597 
nenrotransmitters, effeets of, 420 
sex hormones, 1000-1001 
structures and fnnetions, 20, 594-595 
pitnitary growth failnre, 218 
pivot joints, 285 

plaeenta, 1034-1039,1044-1045 

plaeental stage, delivery, 1045 

planes, seetional, 33 

plantar aponenrosis, 384-385 

plantar areh artery, 674 

plantar arterial areh, 662 

plantar flexion, 286 

plantar interossei, 385 

plantar reflex, 454-455 

plantar region, 31 

plantar venons areh, 663, 675 

plantaris mnsele, 349, 382-383 

plaque, atheroselerotie, 698-699, 897 

plaque, dental, 841 

plasma, 155, 624-625, 975-977 

plasma eells, 152, 746, 771 

plasma (eell) membrane 

eardiae muscle eontraetions, 706-707 

earrier-mediated transport, 116-117 

ehemieal messengers, 9 

diffnsion, 112-113 

eleetrolytes, fnnetion of, 62 

epithelial eells, 141 

gated ehannels, 408-409 

generator potential, 537 

Golgi apparatns, 96-97 

hormone binding, 590-591 

introdnetion to, 88 

odorant binding proteins, 539 

osmosis, 114-115 

permeability, 111 

structures and fnnetions, 72-73, 90-91 
vesienlar transport, 118-119 

plasma proteins, 625 

plasmin, 641, 643 

plasminogen, 641 

Plasmodinm, 643 

plastieity, 833 

platelet faetors, 640 

platelet phase, blood elotting, 640 

platelet-derived growth faetor (PDGF), 640 

platelets, 155, 624-625, 626 

platy-, muscle terminology, 347 

platysma muscle, 352-353, 366 

pleura, 35,160 

pleural eavity 

gas pressnre and breathing, 802-803 
heart and, 688-689 
mesothelinm, 142-143 
structure and fnnetion, 35 
thoraeie eavity, 689 
pleural fluid, 798-799 
pneumotaxic eenter, pons, 469, 816-819 
podoeytes, 936 
poisons, 889 
polar bodies, 1006,1028 


polar eovalent bonds, 49, 62-63 

polar moleenle, 49 

polarity, epithelinm, 139 

polarized eells, aetion potentials, 314-315 

polio, 335 

pollex, 30, 264-265, 347 
polyehromatophilie erythroblast, 633 
polygenie inheritanee, 1053-1055 
polypeptides, 75, 95 
polyps, eolon, 873 
polysaeeharides, 68-69 
polysynaptie reflexes, 448-449,453 
polynria, 607, 955 
pons 

antonomie nervons system, 513, 515, 518, 528-529 
development from neural tube, 463 
motor eontrol, 496-499 
respiratory system regnlation, 816-819 
sensory pathways, 495 
structures and fnnetions, 464-465, 469 
popliteal, muscle terminology, 347 
popliteal artery, 662, 674 
popliteal ligaments, 297 
popliteal region, 31 
popliteal snrfaee, knee, 270 
popliteal vein, 663, 675 
poplitens muscle 

foot and toe movement, 382-383 
leg movement, 380-381 
nerves of, 444-445 
porta hepatis, 866 , 867 
portal areas, liver lobules, 868-869 
portal hypertension, 869 
portal systems, 593 
portal triad, 868-869 
portal veins, 593 
portal vessels, 593 
position, sensation of, 395,451 
position, terminology of, 347 
positive chemotaxis, white blood eells, 638 
positive feedbaek loop, 26,1044 
posteentral gyrus, brain, 480-481 
post-eoital eontraeeptives (Plan B), 1017 
posterior, direetional term, 32, 347 
posterior eardiae vein, 693 
posterior eavity, eye, 562-563 
posterior eerebral artery, 668 
posterior ehamber, eye, 562 
posterior column pathway, 495 
posterior eommnnieating artery, 668 
posterior eompartment, arm, 386 
posterior eompartment, leg, 387 
posterior erneiate ligament (PCL), knee, 297 
posterior femoral cutaneous nerve, 444-445 
posterior gray eommissnre, 434 
posterior gray horn, spinal eord, 434 
posterior inferior iliae spine, 266-267 
posterior interventrienlar artery, 692 
posterior interventrienlar sulcus, 691 
posterior lobe, cerebellum, 470-471 
posterior lobe, pituitary gland, 594 
posterior longitndinal ligament, vertebrae, 292 
posterior median sulcus, 431,434 
posterior mediastinum, 689 
posterior semicircular ducts, 550 
posterior superior iliae spine, 266-267 
posterior tibial artery, 387, 662, 674 
posterior tibial vein, 387, 663, 675 
posterior view, body regions, 31 
posterior view, heart, 691 
posterior white column, spinal eord, 435 
postganglionie fìbers, 512, 518, 519 
postganglionie nenrons, 517 
postnatal development, 1027 
postsynaptie eell, 397-398, 416-417 
postsynaptie membrane, 397 
postsynaptie potentials, 418-419 
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postural reflexes, 451, 470-471, 496-499 
posture, skeletal muscles and, 307 
potassium (K) 

aetion potentials, mnsele eontraetions, 314-315 
aetion potentials, nenral tissne, 412-413 
bone storage of, 221 
eleetrolytes, 63 

heart rate regnlation, 708-709 

ion pnmps, 117 

kidney fnnetion, 935, 940-943 

plasma levels, 933 

potassinm balanee, 970-971 

resting potential, eell membrane, 406-407 

sonrees and fnnetions, 966-967 

stress response, 613 

nrine, 933 

potassíum ehloride (KC1), 63 
potential energy, 53, 56, 314-315 
Pott’s fraetnre, 225 
pounds per square ineh (psi), 803 
P-R interval, ECG, 714-715 
pre-Bòtzinger complex, 816 
preeapillary arteriole, 655 
preeapillary sphineters, 655 
preeentral gyrus, 480-481 
preeipitation, immune complexes, 774 
pre-embryo, 1030-1031 
prefrontal cortex, brain, 482-483 
preganglionie fibers, 512, 519 
preganglionie nenrons, 509, 513, 518, 519 
pregnaney 

fertilization, 1028-1029 
fetal organ system development, 1040-1041 
gastrnlation, 1032-1033 
gestational stages, 1027 
implantation, 1030-1031 
labor and delivery, 1044-1045 
maternal ehanges, 1042-1043 
pelvis, strnetnres of, 269 
plaeenta, 1034-1039 
preload, stroke volume, 711 
premature atrial eontraetions (PAC), 715 
prematnre delivery, 1045 
prematnre labor, 1045 

prematnre ventrienlar eontraetions (PVCs), 715 
prenatal development. See fetal development 
preoptie area, hypothalamns, 475 
prepotential, 708-709 
prepnee, 999,1012 
pressnre, sense of 

baroreeeptors, 490-495 
eerebral cortex, 482-483 
nervons system, 395, 399 
skin strnetnres, 181 
withdrawal reflex, 452 
pressnre gradient, 720-721 
pressnre reeeptors, 490-495, 525, 526 
presynaptie eell, 397-398, 416-417 
presynaptie membrane, 397 
primary anditory cortex, 482-483 
primary brain vesieles, 463 
primary bronehi, 794-795 
primary cilium, 93 
primary dentition, 841 
primary fissnre, eerebellnm, 470 
primary lymphoid tissnes and organs, 741 
primary ooeyte, 1006-1007 
primary ossifíeation eenter, 214-215 
primary response, immune system, 773 
primary spermatoeyte, 993, 995 
primary structure, proteins, 75 
primary tissue types, 14-15 
primary visual cortex brain, 482-483 
prime mover, muscle aetions, 346 
primitive streak, 1032-1033 
primordial follieles, 1006,1007 
prineipal eells, nephrons, 929 


proeerns muscle, 352-353 
proeess, bone structure, 205 
procoagulants, 641 

prodnets, ehemieal reaetions, 53, 55, 56-57 
proerythroblasts, 627, 633 
profundus, direetional term, 347 
progenitor eells, 627 
progesterone 

birth eontrol, 1016 

female reprodnetive eyele regnlation, 1014-1015 
hormone regnlation, 597 
ovaries, 1004-1005 
plaeenta, 1039 

strnetnres and fnnetions, 588 

progesterone-only pill, 1016 
progressive shoek, 731 
prohormones, 588 
projeetion fibers, eerebrnm, 484 
prolaetin, 588 
prolaetin (PRL), 595 

prolaetin-inhibiting hormone (PIH), 595, 596-597 

prolaetin-releasing faetor (PRF), 596-597 

proliferation phase, wound repair, 195 

proliferative phase, nterine eyele, 1011 

prolymphoeytes, 627 

promonoeytes, 627 

pronation, 288, 347 

pronator, muscle terminology, 347 

pronator quadratus, arm, 372-373,442-443 

pronator teres muscle, 348, 372-373, 442-443 

prone position, 30 

pronucleus, 1028 

properdin, 761 

prophase, 124 

proprioeeptors, 399,490-499 
proseneephalon, 463 
prostaglandins, 72,166, 588,1044 
prostate eaneer, 1018 
prostate gland 

disorders of, 1018 
gross anatomy, 952, 989, 990, 999 
structures and fnnetions, 23, 996-997 
prostate-speeifie antigen (PSA), 1018 
prostatie nrethra, 996, 999 
proteetive reflexes, 819 
protein, dietary, 906-907 
protein buífer system, 975-977 
protein defieieney disease, 909 
proteins 

anehoring proteins, 91 
blood glneose regnlation, 902-903 
blood values, 933 
earrier proteins, 91,111,116-117 
eell nucleus, 102-103 
ehannel proteins, 91 
ehemieal reaetions and, 63 
enzymes, introdnetion to, 76-77 
glyeoproteins, 90 
hormone binding sites, 590-591 
integral proteins, 90 
keratin, 143 
nntrient pool, 884-885 
nntrients, muscle storage, 307 
pereent body eomposition, 963 
peripheral proteins, 90 
plasma membrane proteins, 90-91 
proteoglyeans, 90 
reeognition proteins, 91 
resting potential, eell membrane, 406-407 
structure and fnnetion, 74-75 
synthesis of, 78-79, 89, 94-95,104-109, 591, 
900-901 

in urine, 933, 955 
proteinuria, 933, 955 
proteoglyeans 

eartilage, 156 
epithelial tissnes, 141 


ground snbstanee, 152 
plasma membrane, 90 

proteolytie enzymes, 871 

prothrombin, 641, 642 

prothrombin aetivator, 641 

protons, 43, 44-45 

protraetion, 289 

proximal, direetional term, 32 

proximal eonvolnted tubule (PCT), 928, 934-935, 

940-941 

proximal phalanx, 264-265, 272-273 
proximal radionlnar joint, 263 
Pseudomonas aernginosaf 789 
psendopodia, 119 

psendostratified eolnmnar epithelinm, 147, 791 

psoas, muscle terminology, 347 

psoas major, 378-381 

psoriasis, 190 

pterygoid mnseles, 355 

pterygoid plates, 242 

pterygoid proeesses, sphenoid bone, 242 

pterygopalatine ganglia, 513 

pterygopalatine ganglion, 515 

pnberty, 1047-1049 

endoerine disorders, 615 
growth and development, 1047-1049 
melatonin, 606 
pubic bone, 156, 281 
pubic region, 30, 31 
pubic symphysis, 267, 268-269, 291 
pubic tubercle, 267, 268-269 
pubis, 30, 266-267 
pubococcygeus muscle, 362-363 
pubofemoral ligament, 295 
pndendal nerve, 440, 444-445,455 
pnlmonary arteries 

external anatomy, heart, 691 
gas diffnsion, 809 
lung anatomy, 797, 798-799 
pnlmonary eirenit, 661 
thoraeie eavity, snperior view, 689 
pnlmonary arterioles, 661 
pnlmonary eapaeity, 804 
pnlmonary eirenit, blood flow, 651, 660-661 
pnlmonary lobnles, 795, 798-799 
pnlmonary plexus, autonomic nervons system, 

511,514 

pnlmonary semilnnar valve, 694 
pnlmonary trunk 

external anatomy, heart, 690, 691 
fetal blood flow, 676 
loeation of, 6 
pnlmonary eirenit, 661 
thoraeie eavity, snperior view, 689 
pnlmonary valve, heart, 694, 696 
pnlmonary veins 

external anatomy, heart, 691 
gas diffnsion, 809 
lung anatomy, 797, 798-799 
pnlmonary eirenit, 661 
thoraeie eavity, snperior view, 689 
pnlmonary ventilation (breathing). See also 

respiratory system 
airflow pattern, 794-795 
alveoli, gas exchange, 798-799 
asthma, 795 
gas diffnsion, 808-809 
gas pressnres and, 802-803 
gas transport, 810-813 
lungs, lobes of, 796-797 
overview of, 787, 801 
pnlmonary disease, 814-815 
pnlmonary volnmes and eapaeities, 804 
regnlation of, 806-807, 816-819 
respiratory mnseles, 804-805 
upper respiratory structures, 787-795 
via mouth or nose, 791 
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pulmonary volume, 804 

pulp, spleen, 753 

pulp eavity, tooth, 840 

pulse pressure, 721 

pulvinar nucleus, thalamus, 474-475 

Punnett squares, 1053 

pupil, 560 

pupillary eonstrietor muscles, 565 
pupillary dilator muscles, 565 
pupillary muscles, 565 
pupillary reflex, 525, 574 
purine, 78-79 

Purkinje eells, cerebellum, 470-471 

Purkinje fibers, heart, 704-705 

putamen, 478-479 

pyelogram, 951 

pyelonephritis, 955 

pylorie antrum, 847 

pylorie eanal, 847 

pylorie sphineter, 847 

pylorus, stomaeh, 846-847 

pyramidal, muscle terminology, 347 

pyramidal eells, 482-483 

pyramids, medulla oblongata, 468, 496 

pyridoxine, 905 

pyrimidine, 78-79 

pyrogens, 762 

pyrnvate 

earbohydrate metabolism, 893, 894-895 
eitrie aeid eyele, 99, 886-887 
muscle eontraetions, 328-331 


Q 


QRS complex, ECG, 714 
Q-T interval, ECG, 714 
quadrants, abdominopelvie, 31 
quadrate lobe, liver, 867 
quadratus femoris muscle, 378-379 
quadratus lumborum muscle, 358-359 
quadratus plantae, 384-385 
quadriceps, muscle terminology, 347 
quadriceps femoris muscle, 271, 283, 

380-381 

quadriceps tendon, 297, 380-381 
quaternary structure, proteins, 75 
quiet breathing, 817 




Rwave, ECG, 714-715 
rabies, 500 

radial, muscle terminology, 347 
radial artery, 662, 664,1010-1011 
radial eollateral ligament, 296 
radial fossa, humerus, 262 
radial groove, humerus, 262 

I radial head, radius, 263 

radial nerve, 262,440,442-443, 455 
radial noteh, 263 
radial tuberosity, radius, 263 
radial vein, 663, 665 
radiation, heat transfer, 913 
radioearpal joints, 285 
radiohumeral joint, 262-263 
radioulnar joints, 285, 288, 291 
radius 

appendienlar skeleton, 259 
bone stmetnre, 262-263 
elbow, 8, 296 

mnseles of, 365-367, 372-373 
pronation and snpination, 288 
rami, spinal nerves, 436,438-439 
rami communicantes, 438-439 
ramus, bone structure, 205 
ramus, mandible, 246 


range of motion (ROM) 

abdnetion, 287 
addnetion, 287 
defined, 281 
depression, 289 
elbow, 296 
elevation, 289 
eversion, 289 
flexion and extension, 286 
inversion, 289 
knee joint, 297 

mnseles, power and leverage, 344-345 
opposition, 289 
pronation, 288 
protraetion, 289 
retraetion, 289 
rotation, 288 
snpination, 288 
synovial joints, 283 
RANKL, 601 
raphe, 991 
RBC count, 629 

RBCs. See red blood eells (RBCs) 
reabsorption, kidneys, 933, 940-941, 946-947 
reaetants 

ehemieal notation, 55 
defined, 53 
reaetion types, 56-57 

reaetive elements, 46-47 
reeall of fluids, 723 
reeeptive field, 489 
reeeptor molecules, 9, 25, 26 
reeeptor proteins, 91 
reeeptor-mediated endoeytosis, 118 
reeeptors, neural tissue, 395,478 
reeessive traits, 1052-1053 
reeiproeal inhibition, 452,453 
reeognition proteins, 91 

reeovery period, muscle eontraetions, 330-331 

reernitment, motor units, 325 

reetal artery, 672 

rectouterine pouch, 1004 

rectum, 143, 515, 670-671, 859, 860-861 

rectus, direetional term, 347 

rectus abdominis muscle, 348,360-361,366-367,804 
rectus femoris muscle, 344, 348, 366-367, 

380-381, 387 
rectus muscles, 360-361 
rectus sheath, 366-367 
red blood eell count, 630 
red blood eells (RBCs) 

ATP generation by, 811 
blood typing antigens, 634-635 
bnffer systems, 975-977 
hematology, 629 
hemoglobin, strnetnre of, 75 
kidneys and, 20 
skin eolor and, 179 
spleen, fnnetion of, 21 

strnetnre and fnnetion, 12,155, 624-625, 630-631 
synthesis and replaeement, 203, 206-207, 610, 
632-633 

red bone marrow 

blood synthesis, 632-633 
bone strnetnre, 206-207 
formed elements, blood, 626-627 
lymphatie system and, 741 
lymphopoiesis, 746 
spongy bone strnetnres, 211 
red eones, 571 

red nucleus, midbrain, 472-473,496 

red pulp, spleen, 753 

referred pain, 500 

reflex are, 448-449 

reflexes 

blood loss, response to, 730-731 
eerebellnm, 470-471 


ehemoreeeptor reflexes, 728 
erossed extensor reflexes, 453 
defeeation reflex, 860-861 
diagnostie testing of, 454-455 
digestive traet, 835 
equilibrium, sense of, 556 
eye, 574 

fnnetion of, 448-449 
heart rate regnlation, 709 
mednlla oblongata, 468 
mietnration reflex, 954 
midbrain, 472-473 
milk let-down, 1046 
neural circuits, 447 
polysynaptie reflexes, 453 
respiratory reflexes, 817-819 
salivary reflex, 864 
sensory reeeptors, 490-495 
spinal reflexes, 429 
streteh reflex, 450-451 
viseeral reflexes, nervons eontrol of, 524-525 
withdrawal reflex, 452 
refraeted light, 566-567 
refraetory period, aetion potential, 315 
regeneration 

eentral nervons system, 403 
injury, response to, 166-167 

regions, abdominopelvie, 31 
regions, body, 30-31 
regulatory hormones, 592-593 
regulatory neurons, 420-421 
regulatory obesity, 908 
regurgitation, heart, 696 
reinforeement, reflexes, 454-455 
relative refraetory period, 413 
relaxation phase, muscle tension, 323 
relaxin, 1039 

relay stations, medulla oblongata, 468 

releasing hormone (RH), 593, 596-597 

remodeling, bone, 159, 212-215 

renal area, spleen, 753 

renal artery, 662, 670, 930 

renal calculi (kidney stones), 955 

renal column, 926 

renal corpuscle, 928, 934-937 

renal cortex, 926 

renal failure, 948-949 

renal faseia, 925 

renal medulla, 926, 927 

renal nerves, 931 

renal papilla, 926 

renal pelvis, 926 

renal pyramid, 926 

renal sinus, 926 

renal tubules, 928-929 

renal vein, 663, 930 

renin, 610, 931, 939, 969 

renin-angiotensin-aldosterone system (RAAS), 

610,613 
rennin, 849 

repolarization, aetion potential, 315,410-411,413 
reproduction 

biologieal proeesses, 4-5 
eell division, 121-125 

reproductive system 

eilia, 139 

epithelial tissue, 14 
fetal development, 1033 
hormonal eontrol of, 594 
introdnetion to, 17 
lymphatie structures, 741 
melatonin, 606 
mierovilli, 139 
mucous membranes, 160 
nervons system, 399, 523, 525 
pereentage of body weight, 343 
pitnitary gland and, 592 
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regulation of, 20 
reproductive eells (sex eells), 13 
smooth muscle tissue, 15 
reproductive system, female 

anatomie nervons system, 523, 525 
antonomie nervons system effeets, 523 
birth eontrol strategies, 1016-1017 
eilia, 139 

epithelial tissue, 14 

gross anatomy, 1003 

hormones, eyele regnlation, 1014-1015 

introdnetion to, 23 

mammary glands, 1013 

mierovilli, 139 

mucous membranes, 160 

oogenesis, 1006-1007 

ovarian eyele, 1007,1014-1015 

ovaries, 1004-1005 

pnberty, 1049 

smooth muscle tissue, 15 

structures of, 23 

uterine eyele, 1010-1011,1014-1015 
nterine tubes, 1008-1009 
vagina, 1012 

reproductive system, male 

antonomie nervons system, 523, 525 
antonomie nervons system effeets, 523 
birth eontrol strategies, 1016-1017 
eilia, 139 

disorders of, 1018 
ejaenlation reflex, 525 
epithelial tissue, 14 
gland structures, 149 
glandular seeretions, 996-997 
gross anatomy, 989 
introdnetion to, 23 
mierovilli, 139 
penis, 998-999 
psendostratified eolnmnar 
epithelinm, 147 
pnberty, 1048 

seminiferons tubules, testes, 990-991, 994-995 

sexual response, 999 

smooth muscle tissue, 15 

spermatogenesis, 992-995 

structures of, 23 

testosterone, fnnetions of, 1000-1001 

RER (rough endoplasmie reticulum), 89, 95 
rcsidual volume, lungs, 804 
resistanee, lungs, 814-815 
resistanee, peripheral, 717 
resistanee phase, stress response, 613 
resolntion, mieroseopes, 136-137 
resonanee, sound, 555 
respiration 

airflow pattern, 794-795 
alveoli, gas exchange, 798-799 
asthma, 795 

biologieal proeesses, 4-5 
gas diffnsion, 808-809 
gas pressnres and, 802-803 
gas transport, 810-813 
internal and external, 801 
lungs, lobes of, 796-797 
mnseles of, 804-805 
pnlmonary disease, 814-815 
pnlmonary volnmes and eapaeities, 804 
regnlation of, 806-807, 813, 816-819 
upper respiratory structures, 787-795 
via mouth or nose, 791 
respiratory aeid-base disorders, 977 
respiratory aeidosis and alkalosis, 980-981 
respiratory bronehiole, 798-799 
respiratory eenters, pons, 469, 518, 525, 914-915 
respiratory ehain, 888-889 
respiratory defense system, 788 
respiratory distress syndrome, 814 


respiratory membrane, 799 
respiratory minute volume, 806 
respiratory rate, 806 
respiratory reflexes, 817 

respiratory rhythmieity eenter, mednlla oblongata, 

468, 526, 816-819 

respiratory system. See also respiration 

aeid-base balanee and, 973, 978-981 
aging and, 820-821 
airflow pattern, 794-795 
alveoli, gas exchange, 798-799 
asthma, 795 

antonomie nervons system effeets, 522 
baroreeeptors, 526 

body temperatnre regnlation, 914-915 
eells, light mierograph, 137 
ehemoreeeptors, 527 
eilia, 139 

endoerine system and, 20 
epithelial tissue, 14 
fetal development, 1033 
fluid balanee and, 964-965 
gland structures, 149 
heart, gross anatomy, 6 
hyaline eartilage, 156 
introdnetion to, 17, 21 
larynx, 792-793 
lungs, lobes of, 796-797 
lymphatie structures, 741 
mucous membranes, 160, 788 
nasal eavities, 790-791 
nervons system, 399 
paranasal sinnses, 790-791 
parasympathetie aetivation, 519 
pereentage of body weight, 343 
pharynx, 791 

pregnaney and, 1042-1043 
pnberty, ehanges in, 1048-1049 
regnlation of, 468, 469 
sympathetie aetivation, 518 
thoraeie eage, 256-257 
traehea, 794-795 

upper and lower traets, fnnetions of, 787 

respiratory traet, 787 

responsiveness, 4-5 

resting heart rate, 708-709 

resting membrane potential, neural tissue, 405, 

406-407 

resting phase, hair growth eyele, 187 
resting potential, neural tissue, 405,406-407 
resting potentials, skeletal mnseles, 314-315 
rete testis, 991, 996 

retienlar aetivating system (RAS), 472-473, 

490-491 

retienlar fibers, 152 

retienlar formation, 468,469,496, 557 

retienlar layer, dermis, 175,180 

retienlar tissuc, 153 

reticulocyte count, 629 

retienloeytes, 627, 633 

retienlospinal traets, 496 

retina, 397,420, 559, 562-563 

retinal, eye pigment, 570 

retinal artery, 568 

retraetion, 289 

retrograde flow, 396 

retroperitoneal, defined, 35, 924 

reverberation, neural circuits, 447 

revolving nosepieee, mieroseope, 137 

Rh antigens, blood, 635, 636-637 

rhenmatism, 298-299 

rhenmatoid arthritis, 298-299, 778 

rhodopsin, 570, 572-573 

RhoGAM, 637 

rhombeneephalon, 463 

rhomboid, mnsele terminology, 347 

rhomboid major muscle, 367,442-443 


rhomboid minor muscle, 367 
rhomboid muscle, 349, 367 
rhythm method, 1017 
riboflavin, 905 

ribonneleie aeid. See RNA (ribonneleie aeid) 
ribose, 77, 893 

ribosomal RNA. See rRNA (ribosomal RNA) 
ribosomes 

introduction to, 88 
mitoehondria, 98-99 
in nenrons, 396 

protein synthesis, 105,108-109 
structure and fnnetion, 94-95 

ribs 

arm movement, mnseles of, 370-371 
axial skeleton, 233 
bone structure, 204 
hyaline eartilage, 156 
muscle terminology, 347 
oblique and rectus muscles, 360-361 
peetoral girdle, muscles of, 368-369 
respiration and, 804 
structures of, 257 
synehondrosis, 281 
thoraeie eage, 256-257 
thoraeie vertebrae, 253 
vertebral column mnseles, 358-359 
riekets, 193 

right atrioventrienlar (AV) valve, 694 
right atrinm, 6, 651 
right border, heart, 685 
right braehioeephalie vein, 667 
right bronehomediastinal lymphatie trunk, 745 
right eolie artery, 672 
right eolie flexure, 858 
right eolie vein, 673 
right eommon earotid artery, 664 
right eommon iliae artery, 674 
right eoronary artery, 692 
right external iliae artery, 674 
right gastrie artery, 672 
right gastrie vein, 673 
right gastroepiploie artery, 672 
right gastroepiploie vein, 673 
right hepatie duct, 870 
right hypoehondriae region, 31 
right ingninal region, 31 
right jugular lymphatie trunk, 745 
right lower quadrant (RLQ), 31 
right lumbar region, 31 
right lymphatie duct, 741, 744-745 
right rotation, 288 
right sigmoid sinus, 669 
right subclavian artery, 664 
right snbelavian lymphatie trunk, 745 
right snbelavian vein, 665, 667 
right transverse sinus, 669 
right upper quadrant (RUQ), 31 
right vagus nerve, 511 
right ventriele, heart, 6, 651 
rigor mortis, 335 
rima glottidis, 793 
risorins, muscle terminology, 347 
risorins muscle, 352-353 
RNA (ribonucleic aeid) 
eell nucleus, 102-103 
protein synthesis, 104-109 
structure and fnnetion, 78-79 
RNA polymerase, 106-107 
rods, eye, 568-571 
root, penis, 998 
root, tooth, 840 ^ 

root hair plexus, 186-187,492 
root of lung, 797 
root of tongue, 838 
rotation, joints, 284-285, 288, 297 
rotator cuff, 371 
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rough ER (endoplasmíe reticulum), 89, 95 
rouleaux, 630 
round ligament, 867 
round window, 547, 552-553 
rRNA (ribosomal RNA) 
protein synthesis, 105 
stmetnre and fnnetion, 79, 94-95 
synthesis of, 102 
rnbrospinal traets, 496 
rnfììni eorpnseles, 181,493 
rugae, stomaeh, 847 
rugae, urinary bladder, 952 
rugae, vagina, 1005,1012 
rule of nines, 183 




S phase, 122-123 

SA node, 704-705, 708-709 

saeenle, 548, 549, 551 

saeral eanal, 255 

saeral curve, 250 

saeral foramina, 255 

saeral hiatus, 255 

saeral plexus, 440-441,444-445 

saeral promontory, 255 

saeral region, spine 

loeation and fnnetion, 250 
vertebrae, stmetnres of, 251, 255 
saeral spinal nerves 

antonomie nervons system, 510, 513, 515 
gross anatomy, 430-431 
mietnration reflex, 954 
reflexes, diagnostie testing of, 455 
viseeral reflexes, 525, 528-529 
saeral tnberosity, 255 
saeroeoeeygeal joint, 291 
saeroiliae joint, 267, 268-269, 285, 291 
sacrotuberous ligament, 362-363 
sacrum 

axial skeleton, 233 
bone stmetnres, 268-269 
fnnetion of, 18 

mnseles of thigh movement, 378-379 
saeroiliae joint, 291 
vertebrae stmetnres, 255 

SAD PUCKER, 924 
saddle joints, 285 
sagittal plane, 33 
sagittal seetion, 33 

sagittal suture, skull, 235, 237, 248-249 
saliva, 864-865, 964 
salivary amylase, 864, 892 
salivary glands, 839 

antonomie nervons system, 513, 514, 515, 519, 522 
eranial nerves, 487 

I digestion and, 829, 837, 863, 864-865 

epidermal growth faetor (EGF), 192 
fnnetion of, 22 
gland stmetnres, 149 
mandible, 246 
mnmps, 872 
myoepithelial eells, 189 
seeretion methods, 148 
stratified eolnmnar epithelinm, 147 
salivary reflex, 864 
salt, defined, 65, 974 
salt, dietary, 906-907 
salt ehannels, taste buds, 542 
saltatory propagation, aetion potentials, 415 
saphenons nerve, 440,444-445 
saphenons vein, 663 

sareolemma, 309, 310-311, 316-317, 321 
sareomeres, 321 

eontraetions, 318-319 
mnsele tension, 321-325 


skeletal mnseles, 310-311 
sliding filament theory of eontraetion, 312-313 
sareoplasm, 309, 310-311 
sareoplasmie reticulum (SR) 
motor nenrons, 316-317 
mnsele eontraetions, 318-319 
mnsele tension, 321 
skeletal mnseles, 311 
sartorius, muscle terminology, 347 
sartorins muscle 

gross anatomy, 348, 349, 366-367 
leg movement, 380-381 
nerves of, 444-445 
satellite eells, 402-403 
satiety eenter, 912 
satnrated fatty aeids, 70-71 
satnration limit, 76 
seabs, 194-195 
seala tympani, 552-553, 555 
seala vestibnli, 552-553, 555 
sealene mnseles, 360-361 
nerves of, 441 
respiration and, 804 

seanning eleetron mierography (SEM), 137 
seanning eleetron mieroseopy, 137 
seaphoid, 264-265, 285 
seapnla 

appendienlar skeleton, 259 
arm movement, mnseles of, 370-373 
bone strnetnre, 204 
mnsele terminology, 347 
mnseles of, 365-367 
nerves of, 442-443 
peetoral girdle mnseles, 368-369 
peetoral girdle strnetnres, 260-261 
shonlder joint, 294 
seapnlar, muscle terminology, 347 
seapnlar spine, 261 
sear tissue 

bnrns, 182-183 
lines of eleavage, 181 
wound repair phases, 166,194-195 
Schwann eells, 402-403,436 
seiatie nerve, 387,440,444-445 
seiatie noteh, 266-267 
selera, 562-563, 564 
seleral venous sinus, 563 
seopolamine, 535 
serotal eavities, 991, 996 
serotal septum, 991 
scrotum, 23, 514, 515, 989, 990-991 
seasiekness medieation, 535 
seasonal affeetive disorder (SAD), 606 
sebaeeons follieles, 188 
sebaeeons glands 
aging and, 191 
eye, 560 
function of, 18 
gland structures, 149 
hair follieles and, 186 
holoerine seeretion, 148 
integnment structures, 175,185 
proteetive meehanisms, 756 
structures and fnnetions, 188-189 
sebum, 188 

seeond messengers, hormones, 590-591 
seeond messengers, neural tissue, 420-421 
seeond trimester, 1027 
seeondary aetive transport, 117 
seeondary bronehi, 794-795 
seeondary dentition, 841 
seeondary follieles, 1007 
seeondary lymphoid tissnes and 

organs, 741 

seeondary ooeyte, 1006-1007 
seeondary ossifìeation eenter, 215 
seeondary peristaltie waves, swallowing, 843 


seeondary response, immune system, 773 
seeondary spermatoeyte, 993, 995 
seeondary structure, proteins, 75 
seeond-elass lever, 345 
seeond-degree burns, 182-183 
seeond-order nenrons, 494 
seeretin, 854-855 
seeretion 

columnar epithelium, 146-147 
defined, 837 

epithelial tissue, 138-139 
glandular epithelia, 148-149 
kidneys, 933, 940-941 

seeretion, kidneys, 946-947 
seeretory glands 

antonomie nervons system effeets, 522 
digestive traet, 831 
epithelia, 148-149 

seeretory phase, nterine eyele, 1011 
seeretory vesieles, 96-97, 148 
seetional planes, 32-33 
segmental arteries, kidney, 930 
segmentation, intestines, 834-835 
seiznres, 485 

seleetively permeable membranes, 111 
seleninm (Se), 45 
sella tnreiea, 241-242 
semen, 997 

semieirenlar eanals, 546, 548, 552 
semieirenlar ducts, 548, 549, 550 
semilunar ganglion, 486 
semilnnar valves, 697 

semimembranosns muscle, 349, 380-381,444-445 
seminal fluid, 997 

seminal glands, 23, 989, 990-991, 996-997, 999 
seminalplasmin, 997 

seminiferons tubules, 149, 991, 994-995, 996, 

1000-1001 

semispinalis eapitis, 358-359, 367 
semispinalis eervieis, 358-359 
semispinalis group muscles, 358-359 
semispinalis thoraeis, 358-359 
semitendinosns, 349, 380-381, 387,444-445 
senile eataraets, 576 
senile dementia, 501 
sensation, 489 

sensible perspiration, 177, 913 

sensitization, antigens, 636, 770-771 

sensory cortex, brain, 482-483 

sensory division, peripheral nervons system, 395 

sensory ganglia, 399 

sensory homunculus, 494 

sensory nenrons 

eranial nerves, branehes and fnnetions, 486-487 
erossed extensor reflexes, 453 
digestive traet, 831 
equilibrium, 545 
functions of, 399 
hearing, 545 
pons and, 469 
reeeptors, 490-495 
reflexes, fnnetion of, 448-449 
sensory pathways, 439, 489, 490-495 
signal transmission, 537 
spiral ganglion, inner ear, 553 
streteh reflex, 450-451 
withdrawal reflex, 452 
sensory nuclei, spinal eord, 434 
sensory pathways, 439, 489,490-495 
sensory reeeptors. See also neural tissue 
arm, 262 
bones, 207 
dermis, 181 

epithelial tissue, structure of, 138-139 
function of, 18 
hair follieles, 185-187 
neural tissues, 399 
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orbital complex, 244 
overview of, 19 
skin, 175 

sensory systems. See also ear; eye 
aging and, 576-577 
antonomie nervons system, 513 
equilibrium, 545-557 
gustation (taste), 537, 540-543 
hearing, 545-557 
olfaetion (smell), 537-539 
vision, 559-574 
sepsis, 182-183, 643 
septa, thymns, 750 
septieemia, 643 
septnm pellucidum, 465, 478 
serial proeessing, neural circuits, 447 
serosa, 830 
serotonin, 420, 606 
serous eells, salivary glands, 865 
serous membrane, 34, 35,160, 845 
serratns, muscle terminology, 347 
serratns anterior muscle, 348, 366-369, 

442-443, 804 

sesamoid bones, 204. See also bones (osseons 

tissue) 

set point, 25, 26 

sex eells, 103,121 

sex ehromosomes, 1051-1057 

sex hormones. See also estrogen; testosterone 

androgens, 995 
growth patterns, 611 
hormone binding, effeets of, 591 
integnmentary system effeets, 192 
pitnitary gland, 594 
pnberty, ehanges in, 1048-1049 
structure and fnnetion, 72 
sex-linked inheritanee, 1054-1055 
sexual arousal, 519, 525 

sexual reproduction, biologieal proeesses, 4-5. 

See also reprodnetive system 
sexually transmitted diseases (STDs), 1016,1019 
shaft, femur, 270 
shaft, rib, 257 

shallow water blackout, 818 
shin, muscle terminology, 347 
shingles, 437, 785 
shivering thermogenesis, 915 
shoek, 731 

shoek, anaphylaetie, 775 

shoek absorption, synovial joints, 282, 283 

short, muscle terminology, 347 

short bones, 204. See also bones (osseons tissue) 

short reflexes, 524-525, 861 

shoulder joint 

appendienlar skeleton, 291 
arm movement, mnseles of, 370-371 
artifieial joints, 299 
blood vessels, 664-665 
body regions, 31 
joint structure and fnnetion, 294 
motion of, 285 
nerves of, 442-443 
shunts, hemodialysis, 949 
siekle eell anemia, 642 
siekling trait, 642 
sight, sense of. See vision 
sigmoid artery, 672 
sigmoid eolon, 845, 859 
sigmoid flexure, 859 
sigmoid sinuses, 669 
sigmoid vein, 673 
silieon (Si), 45 

simple alveolar (aeinar) gland, 149 
simple branehed alveolar gland, 149 
simple eoiled tubular gland, 149 
simple eolnmnar epithelinm, 146 
simple enboidal epithelinm, 144, 598 


simple epithelinm, 139 

simple fraetnres, 225 

simple gland, 149 

simple inheritanee, 1052-1055 

simple mieroseope, 136-137 

simple squamous epithelium, 789 

simple tubular gland, 149 

single eovalent bond, 49 

single nneleotide polymorphisms (SNPs), 

1056-1057 

sinoatrial (SA) node, 704-705 
sinus, bone structure, 205 
sinuses 

blood supply, 244 
frontal sinuses, 239, 245 
maxillary sinuses, 245 
nasal complex, 245 
paranasal, 21 

sphenoidal sinnses, 239, 242, 243, 245 

sinusitis, 245 
sinusoids, 655 
skatole, 861 

skeletal muscles. See muscles, skeletal 
skeletal system. See also joints 

ankle, 272-273 

appendienlar skeleton, 203, 259, 291 

arm, 262-263 

arthritis, 298-299 

axial skeleton, 203, 233, 291 

bone abnormalities, 218-219 

bone elassifieation and markings, 204-205 

bone fraetnres, 224-225 

bone growth and remodeling, 158, 209, 212-213 

bone matrix eell types, 208-209 

bones, blood supply, 158,159, 207, 210-211, 213 

bones, mineral storage, 221-223 

fetal development, 213-217,1033 

foot, 272-273 

growth patterns, 158, 209, 212-213, 611 

introdnetion to, 16-17,18 

long bones, structure and fnnetion, 206-207 

osteoporosis, 293 

pereentage of body weight, 343 

pnberty, ehanges in, 1048-1049 

riekets, 193 

skull, 234-239 

structure and fnnetions, 18,158-159, 203 
thoraeie eage, 256-257 
vertebral column, overview of, 250-254 
wrist and hand, 264-265 

skin. See integumentary system 

skin grafts, 182-183 

skull 

anditory ossieles, 247 
axial skeleton, 233 
body regions, 30 

bone structures and markings, 204-205 

eranial bones, 236-237 

ethmoid bone, 243 

eye mnseles, extrinsic, 354 

faeial bones, 236 

fetal development, 216-217 

fontanelles, 248-249 

foramina, 240-241 

fnnetion of, 18 

hyoid bone, 247 

joints of, 291 

mandible, 246 

mnseles of faeial expression, 352-353 

mnseles of mastieation, 355 

nasal complex, 245 

orbital complex, 244 

palatine bones, 243 

sphenoid bone, 242 

structures and sutures, 234-235 

surface markings, 238-239 

sutures, 281 


slender, muscle terminology, 347 

slow ealeinm ehannels, 707 

slow fibers, skeletal mnseles, 332-333 

slow pain, 490-491 

small, muscle terminology, 347 

small eardiae vein, 693 

small intestine 

blood vessels, 670-671, 672-673 
calcium absorption, 193 
eapillaries, 654 

digestive traet, overview, 829, 837 
disorders of, 873 
enterie nervons system, 511 
fluid balanee, 964 
fnnetion of, 22 

intestinal traet structures, 850-853 
lipid digestion, 896 
loeation of, 31 
mesenteries, 844-845 
movement throngh, 834-835 
parasympathetie innervation, 515 
simple eolnmnar epithelinm, 146 
sympathetie innervation, 514 
small saphenons vein, 663, 675 
smegma, 999 
smell, sense of 
aging and, 576 
eranial nerves, 486-487 
nervons system and, 19, 395, 397, 399 
neuroepithelium, 138-139 
sensory structures and fnnetions, 537-539 
smokíng tobaeeo, 820-821 
smooth ER (endoplasmie reticulum), 89, 94 
smooth muscle tone, 833 
smooth mnseles. See mnseles, smooth 
sneezing reflex, 817, 819 
sodium (Na) 

aetion potentials, muscle eontraetions, 

314-315 

aetion potentials, neural tissue, 412-415 

blood, pressure and volume regulation, 610 

bone storage of, 221 

eardiae muscle eontraetions, 707 

ehemieal notation, 54-55 

dietary intake, 906-907 

eleetrolytes, 62, 63 

fluid balanee regnlation, 968-969 

ion pumps, 117 

ionie bonds, 48 

ions, 47 

kidney fnnetion, 935, 940-943, 946-947 
Latin name origin, 45 
membrane potential, 410-411 
pereent of body weight, 45 
plasma levels, 933 

resting potential, eell membrane, 406-407 
sonrees and fnnetions, 966-967 
stress response, 613 

synapses, 416-417 m 

urine, 933 I 

sodíum balanee, 968-969 H 

sodium biearbonate (NaHGO^), 63, 65 H 

sodium ehloride (NaCl), 48, 62, 63, 65 H 

sodium hydrogen phosphate (NaaHPO^), 63 H 

sodium hydroxide (NaOH), 65 H 

sodium ion gradients, 407 H 

sodium sulfate (Na^SO^), 63 H 

sodium-potassium ATPase, 117 H 

sodium-potassium ion pumps, 314-315 H 

soft keratin, hair, 187 H 

soft palate H 

eranial nerves, 486-487 ^ 

mnseles of tongue, 356 
oral eavity structures, 838 
pharynx mnseles, 356 
respiratory system, 791 
swallowing, 843 
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sole of foot, 31 
soleus muscle 

foot and toe movement, 382-383 
gross anatomy, 348, 349 
leg eompartments, 387 
nerves of, 444-445 

solíds, states of matter, 50-51 
solitary nuclei, brain stem, 525 
solitary nucleus, medulla oblongata, 543 
solnbility of water, 61 
solntes, 61 
solntions 
defìned, 61 
hypertonie, 115 
hypotonie, 115 
isotonie, 115 
solvent, 61 

somatie eells, 103,122-123 

somatie effeetors, 399 

somatie motor assoeiation area, 482-483 

somatie motor nenrons, 399,438-439 

somatie motor nuclei, 509 

somatie nervous system (SNS), 395,496-499, 509 
somatie reflexes, 448-449 

somatie sensory assoeiation area, brain, 482-483 
somatie sensory nenrons, 399 
somatie sensory reeeptors, 395 
somatomedins, 595, 596-597 
somites, 1040 

sound prodnetion, larynx, 792-793 

sour ehannels, taste buds, 542 

spatial summation, 419 

speeifie gravity, urine, 945 

speeifie immnnity. See adaptive immnnity 

speeifie resistanee, immune system, 755 

speeifieity, enzymes, 76 

speeeh eenter, eerebral cortex, 482-483 

sperm 

ehromosomes, 103 
fertilization, 1028-1029 
introdnetion to, 13 
male reprodnetive system, 23 
spermatogenesis, 992-995,1001 
spermatie eords, 991 
spermatid, 993, 994-995 
spermatogenesis, 992-995,1001 
spermatogonia, 992-993, 995 
spermatozoa, 992-995 
spermatozoon, 993 
spermiation, 995 
spermieide, 1016 
sphenoid bone 

nasal complex, 245 
orbital complex, 244 
paranasal sinnses, 790-791 
sknll, 234-242 
sphenoid sinnses, 243, 245 
sphenoidal fontanelle, 249 
^ sphenoidal sinus, 239 
H sphenoidal sinnses, 242 
H sphenoidal spine, 242 
H sphineters 

H anal sphineters, 362-363, 860-861 

H esophageal sphineter, 843 

H faseiele organization, 344 

H hepatopanereatie sphineter, 870 

H preeapillary sphineter, 655 

H pylorie sphineter, 847 

H skeletal mnseles, fnnetion of, 307 

H nrethral sphineter, 362-363, 952, 954 

H spienles, 216 
W spinal column 

eervieal vertebrae, 252 
eompression fraetnre, 293 
erossed extensor reflexes, 453 
elastie tissne, 154 
injnries to, 231 


introdnetion to, 250-251 
Inmbar vertebrae, 254 
mnseles of, 358-359 
nomenelatnre, 251 
thoraeie vertebrae, 253 
spinal eord. See also spinal nerves 
antonomie nervons system, 528-529 
antonomie nnelei, 509 
blood vessels, 670-671 
brain, blood vessels, 668-669 
brain stem, 473 
dermatomes, 437 
equilibrium, sense of, 556 
fetal development, 463,1040 
foramen magnum, 240 
function of, 19 
gray matter, 434-435 
herniated dise, 293 
hypothalamns and, 475 
joints, structure of, 292 
medulla oblongata, 468 
motor eommands, 438-439, 496-499, 509 
nerve plexuses, overview, 440-441 
nerve structure and fnnetion, 436-437 
neural circuits, 447 
neural tissue, 165 
neuroglia (glial eells), 400-401 
neurotransmitters, effeets of, 420 
parasympathetie nervons system, 510, 515 
pons and, 469 

reflexes, diagnostie testing of, 454-455 
reflexes, fnnetion of, 448-449 
somatie nervons system, 494-499 
spinal meninges, 432-433 
spinothalamie pathway, 494 
streteh reflex, 450-451 
structures and fnnetion, 429-431 
sympathetie nervons system, 510, 512, 514 
viseeral reflexes, 525, 528-529 
withdrawal reflex, 452 
spinal curves, 250 
spinal extensors, 358-359 
spinal flexors, 358-359 
spinal meninges, 432-433 
spinal nerves 

braehial plexus, 442-443 
eervieal plexus, 441 
erossed extensor reflexes, 453 
dermatomes, 437 
herniated dise, 293 
lumbar plexus, 444-445 
motor eommands, 438-439 
nerve plexuses, overview, 440-441 
reflexes, diagnostie testing of, 454-455 
reflexes, fnnetion of, 448-449 
saeral plexus, 444-445 
“stingers,” 461 
streteh reflex, 450-451 
structure and fnnetions, 430-431,436-437 
sympathetie innervation, 514 
vertebral joints, structure of, 292 
viseeral reflexes, 525 
withdrawal reflex, 452 
spinal reflexes, 429,448-449 
diagnostie testing of, 454-455 
spinalis eervieis muscle, 358-359 
spinalis thoraeis muscle, 358-359 
spindle apparatns, 125 
spindle fibers, 124-125 
spindle formation, zygote, 1029 
spine, bone structure, 205 
spinoeerebellar pathway, 495 
spinothalamie pathway, 494 
spinons proeess, vertebrae, 251, 253, 254 
spiral arteries, 1010-1011 
spiral fraetnre, 225 
spiral ganglion, 553 


splanehnie nerves, 511, 514 
spleen 

blood synthesis and reeyeling, 632 
blood vessels, 670-673, 753 
eapillaries, 655 
fnnetion of, 21 
loeation of, 31 

lymphatie system, 741, 752-753 
parasympathetie innervation, 515 
pnlmonary eirenit, blood flow, 660 
retienlar tissue, 153 
sympathetie innervation, 514 
spleneetomy, 752 
splenie artery, 670, 672 
splenie vein, 673 

splenins, muscle terminology, 347 
splenins eapitis muscle, 367 
split-thiekness skin graft, 183 
spongy bone 

bone eell types, 158, 206-211 
bones, fetal development of, 215 
fraetnre repair, 224-225 
trabeenlae, 210-211 

squamous epithelia, 139,142-143, 686-687 
squamous part of temporal bone, 238 
squamous suture, skull, 235, 237, 238, 239 
stabilizing ligament, inner ear, 547 
standing, postnral reflexes and, 451 
stapedins muscle, 547 
stapes, 247, 547, 549, 555 
starehes, 69 
stem eells 

basal eells, epidermis, 177 
bone marrow, 626-627 
eell division, 122 
ehondroblasts, 157 
lymphoid stem eells, 746 
mesenehymal eells, 152 
neural tissue, 397 
osteogenie eells, 209 

skeletal mnseles, myosatellite eells, 308, 309 
stratified squamous epithelium, 143 
taste buds, 541 
upper respiratory traet, 788 

stent, eardiae, 699 

stereobilin, 632-633 

stereoeilia, 545, 553 

sternal end, elaviele, 260 

sternoelavienlar joint, 260-261, 285, 291 

sternoeleidomastoid muscle, 348, 349, 357, 

366-367,441, 804 
sternohyoid muscle, 357,441 
sternothyroid muscle, 357,441 
sternum 

arm movement, mnseles of, 370-371 
axial skeleton, 233 
bone structure, 204 
diaphragm, 360-361 
hyaline eartilage, 156 
mnseles of, 348, 357, 360-361 
synehondrosis, 281 
thoraeie eage, 256 

steroid hormones. See also hormones 

ehemieal structure, 588 
eortieosteroids, overview, 602-603 
eortieotropin-releasing hormone (CRH), 594 
synthesis of, 94 
target eell binding, 591 
steroids, structure and fnnetion, 71, 72 
stingers, 461 
stomaeh 

blood vessels of, 670-673 
digestive traet, overview, 829, 837 
disorders of, 873 
enterie nervons system, 511 
fnnetion of, 22 
loeation of, 31 
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parasympathetie innervation, 515 
protein digestion, 900 
simple eolnmnar epithelinm, 146 
strnetnres and fnnetions, 846-849 
sympathetie innervation, 514 
straight arteries, endometrium, 1010-1011 
straight sinus, 669 
straight tubule, scrotum, 991 
strata, epidermis, 176-177 
stratified epithelia, 139 
eolnmnar, 147 
enboidal, 144 
squamous, 143, 160 
stratified squamous epithelia 
laryngopharynx, 791 
respiratory system, 789 
structures of, 143,160 
urethra, 953 

stratum basale, 177,178,192,194-195 

stratum corneum, 177 

stratum granulosum, 177,178 

stratum lucidum, 177 

stratum spinosum, 177,178,192 

stress response, 612-613 

streteh, pereeption of, 399 

streteh reeeptors, 817, 835, 856-857, 861 

streteh reflex, 450-451,455 

striated muscle eells, 164, 309, 310-311 

striet dominanee, gene traits, 1052-1053 

stroke volume, 704-705, 710-713 

stroma, 153 

structural lipids, 72-73 

study tips, 3 

styloglossus muscle, 356 

stylohyoid muscle, 357 

styloid proeess, 237, 238, 239, 240, 263, 356 

stylomastoid foramen, 240 

snbaraehnoid spaee, 466 

snbaraehnoid spaee, spinal eord, 432 

snbatomie partieles, 43 

snbelavian artery, 662, 664, 666 , 691 

snbelavian vein, 663, 665, 667, 744-745 

subclavius muscle, 366-369,442-443 

subdeltoid bursa, 294 

subdural spaee, 467 

sublingual ducts, 864 

sublingual salivary glands, 864 

submandibular duct, 864 

submandibular ganglia, 513 

submandibular ganglion, 515 

submandibular salivary glands, 864 

submucosa 

digestive traet, 830 
esophagus, 842 
small intestine, 850-851 
submucosal glands, digestive traet, 831 
submucosal plexus, digestive traet, 831, 850 
subpapillary plexus, 179,180 
subscapular fossa, scapula, 261 
subscapular nerve, 442-443 
subscapularis muscle, 294, 366-367, 370-371, 

442-443 

subserous faseia, 161 
substantia nigra, 472-473, 500 
snbstrates, 76 
sneeinate, 887 
succinyl-CoA, 887 
snerase, 892 
snerose, 68-69 

sugars. See also earbohydrates 
balaneed diet, 906-907 
nucleic aeids (DNA, RNA), 78-79 
sulci, 464-465 
sulci, heart, 690 
sulcus, bone structure, 205 
sulfate ions, 966-967 
sulfur (S), 45, 966-967 


sulfuric aeid, 973 

summation, postsynaptie potentials, 418-419 
sunburn, 182 

snnlight, vitamin D 3 synthesis, 193 

snperfieial, direetional term, 32, 347 

snperfieial anterior eompartment, arm, 386 

snperfieial braneh of radial nerve, 442-443 

snperfieial faseia, 161,175, 991 

snperfieial fibnlar nerve, 444-445 

snperfieial ingninal ring, 991 

snperfieial lymphaties, 744-745 

snperfieial palmar areh, 665 

snperfieial posterior eompartment, leg, 387 

snperfieial reflexes, 455 

snperfieial temporal artery, 666 

snperfieial transverse perineal muscle, 362-363 

superior, direetional term, 32, 347 

snperior angle, seapnla, 261 

snperior artienlar faeet, vertebrae, 253, 254 

snperior artienlar proeesses, vertebrae, 251, 

254, 255 

snperior border, heart, 685 
snperior border, seapnla, 261 
snperior eervieal sympathetie ganglia, 514 
snperior colliculus, 472-473,496, 574 
superior eostal faeet, vertebrae, 253 
superior extensor retinaculum, 348, 382-384 
superior gemellus muscle, 378-379 
superior gluteal artery, 674 
superior gluteal nerve, 440,444-445 
snperior hypophyseal artery, 593 
snperior lobe, lung, 797 
snperior meatus, nasal eavity, 790-791 
snperior mesenterie artery, 511, 670, 672, 

858-859 

snperior mesenterie ganglion, 511, 512, 514 
snperior mesenterie vein, 673, 858-859 
snperior nasal eonehae, 243, 245, 538, 790-791 
snperior nuchal lines, 240 
snperior oblique muscle, 354 
superior olivary nucleus, 557 
superior orbital fissure, 242 
superior pancreaticoduodenal artery, 672 
snperior phrenie arteries, 670 
snperior pubic ramus, 267 
superior radioulnar joint, 291 
snperior reetal vein, 673 
snperior rectus muscle, 354 
superior sagittal sinus, 466,467, 669 
superior temporal line, 238 
snperior tibiofibnlar joint, 271 
snperior tnrbinate, 790-791 
snperior vena eava 
arm, 665 

branehes of, 665, 671 
external anatomy, heart, 690, 691 
gross anatomy, 6, 663 
head and neek, 667 
pnlmonary eirenit, blood flow, 661 
thoraeie eavity, snperior view, 689 
snpinator, arm, 372-373,442-443 
snpinator, muscle terminology, 347 
supine position, 30, 347 
snpporting eonneetive tissue, 151 
suppression faetors, 768 
snppressor T (TJ eells, 746, 768-769, 776 
supraclavicular nerve, 440-441 
snpraorbital margin, 244 
snpraorbital noteh, 244 
suprascapular nerve, 442-443 
supraspinatus muscle, 367 
arm movement, 370-371 
nerves of, 442-443 
shonlder joint, 294 
supraspinous fossa, scapula, 261 
supraspinous ligament, 292 
sural nerve, 444-445 


sural region, 31 

snrfaee antigens, blood eells, 634-635 
snrfaee markings, bones, 205 
snrfaee tension, 51 
snrfaetant, 799 
snrgieal neek, humerus, 262 
surgical sterilization, 1017 
snspension, 63 

snspensory ligament, breast, 1013 
snspensory ligament, ovary, 1005 
snspensory ligaments, eye, 562-563 
sutural bones, 204. See also bones (osseons tissue) 
sutures, skull, 204-205, 234-235, 281 
swallowing, mnseles of, 842-843 
swallowing eenter, mednlla oblonga, 843 
swallowing reflex, 525 
sweat glands 

autonomic nervous system effeets, 522 
function of, 18 
gland structures, 149 
integument structures, 175,185 
stratified cuboidal epithelia, 144 
structures and fnnetions, 188-189 
sympathetie innervation, 514 
thermoregnlation, 26, 913, 914-915 
sweet reeeptors, taste buds, 542 
sympathetie aetivation, 518 
sympathetie adrenergie reeeptors, 516 
sympathetie ehain, 512, 514 
sympathetie division, spinal nerves, 436, 510 
sympathetie ganglion, 518 
sympathetie nerve, 438-439 
sympathetie nervons system 

blood loss, response to, 730-731 
blood vessels, regnlation of, 655, 657 
digestive traet, 831 
fnnetions of, 518 
heart rate regnlation, 709 
innervation pattern, 514 
kidneys, 931, 938-939 
motor eontrol, levels of, 528-529 
nenrotransmitters, 516 
organization of, 512 
stress response, 612-613 
viseeral eontrol, overview of, 521-532 
viseeral reflexes, 524-525 
sympathetie postganglionie fibers, 709, 831 
sympathetie preganglionie fiber, 709 
symphyseal joints, 292-293 
symphysis, 281 
synapses, 416-417 

membrane potential, overview, 405 
nenrotransmitters, 587 
postsynaptie potentials, 418-419 
reflexes, 446-449 
sensory nenrons, 537 
signal transmission, 396-398, 405-421 
synapsis, meiosis, 992-993 
synaptie aetivity, defined, 405 
synaptie eleft, 316-317, 397-398 
synaptie delay, 417 
synaptie fatigne, 417 

synaptie terminal, motor nenrons, 316-317 
synaptie terminal, nenrons, 396 
synaptie vesieles, 397, 417 
synarthrosis, 281, 283 
synehondrosis, 281 
syneytial trophoblast, 1031 
syndesmosis, 281 
synergist, muscle movement, 346 
synergistie effeets, hormones, 609 
synostosis, 281 

synovial fluid, 161, 207, 282-283, 295 
synovial j oints 

arthritis, 298-299 
motion, types of, 284-285 
structure and fnnetion, 281, 282-283 
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synovial membranes, 161, 282-283, 294 
synovial tendon sheaths, 373 
synthesis reaetions, 56-57 
systemie eirenit, blood flow, 651, 660-661 
systole, 701-703 
systolie pressnre, 721 


T 


T eells, 746 

CD 4 T eells, 770-771 
cytotoxic T eells, 768-769 
helper T eells, 770-771 
immune response overview, 776-777 
immune system disorders, 778-779 
interferon, 760-761 
memory T eells, 768-769, 770-771 
snppressor T eells, 768-769 
thymus and, 21, 751 
T tnbnle, 311, 316-319, 321 
T wave, ECG, 714 
taehyeardia, 708-709 
taetile (Meissner’s) eorpnsele, 175,493 
taetile dise, 177,181,492 
taetile reeeptors, 490-495, 525 
Tagamet, 873 
tail, epididymis, 996 
tail, myosin, 313 
tail, panereas, 871 
tail, sperm, 993 
tail fold, embryo, 1036 
talipes equinovarus, 218 
talus, 272-273 
tanyeytes, 400-401 

tarsal bones, 204, 259, 270, 272-273, 365-367, 

384-385 

tarsal glands, 560 
tarsal region, 30 
tarsus (ankle), 272-273 
taste, sense of 

aging and, 576 

eranial nerves, branehes and fnnetions, 
486-487 

epithelial ehemoreeeptor eells, 540-541 
nervons system and, 19, 395, 399, 537 
neuroepithelium, 138-139 

taste buds, 540-541 
taste pore, 541 
tattoos, 201 

TCA (tricarboxylic aeid) eyele, 99 
tear ducts, 561 
tear glands, 189, 513 
teetorial membrane, 553 
teetospinal traets, 496 
tectum, midbrain, 472-473 
teeth, 246, 281, 355, 829, 837, 840-841, 872 
tegmentnm, midbrain, 472-473 
teleneephalon, 463 
telodendria, 396-398 
telophase, 124-125 
temperatnre, body 
aging and, 189 
blood, fnnetions of, 623 
burns, effeets of, 182-183 
death and, 75 
exergonic reaetions, 58 
fever, 755, 762-763, 955 
heart rate and, 712-713 
inflammation, 167 
mnseles, energy eonversion and, 53 
nenrotransmitters, effeets of, 420 
oxygen-hemoglobin satnration curve, 811 
regulation of, 26, 663, 911-915 
respiratory system and, 787, 791 
skeletal mnseles, fnnetion of, 307 
sweat glands, 185 


temperatnre, diffnsion and, 113 
temperatnre, sensation of, 18 
eerebral cortex, 482-483 
nervons system, 395, 399 
thermoreeeptors, 490 
template strand, 106 
temple, muscle terminology, 347 
temporal, muscle terminology, 347 
temporal bone 

eondylar proeess, mandible, 246 

foramen laeernm, 240 

mandibnlar fossa, 240 

mnseles of faeial expression, 352-353 

mnseles of tongue, 356 

petrous part, inner ear, 546, 547, 552 

pharynx mnseles, 356 

skull, 234-241 

temporomandibular joint, 291 
vertebral column mnseles, 358-359 

temporal lobe, 480-481 
temporal lobe, brain, 480-481 
temporal snmmation, 419 
temporal vein, 667 

temporalis muscle, 348, 352-353, 355 
temporomandibular joint, 291, 355 
tendon of extensor digitornm brevis, 384-385 
tendon of extensor digitornm longus, 384-385 
tendon of extensor hallneis longus, 382-383, 

384-385 

tendon of fíbnlaris longus, 384-385 
tendon of fìbnlaris tertins, 382-383 
tendon of flexor digitornm longus, 384-385 
tendon of flexor hallneis longus, 384-385 
tendon of tibialis anterior, 382-383, 384-385 
tendon of tibialis posterior, 384-385 
tendons 

Aehilles tendon, 273 
arm, 372-373 
bieeps braehii muscle, 344 
bone growth and, 213 
deltoid muscle, 344 
dense eonneetive tissue, 154 
diaphragm, 360-361 
elbow, 296 

extensor digitornm muscle, 344 
femur, 270 

foot and toe movement, 382-383 
fnnetion of, 19, 343 
hand and wrist, 374-377 
intrinsie mnseles of foot, 384-385 
knee joint, 283, 297 
muscle organization, types of, 344 
patella, 271 

peetoralis major muscle, 344 
pelvie floor muscles, 362-363 
rectus femoris muscle, 344 
shoulder joint, 294 
skeletal mnseles, attaehment to 
bone, 308 

styloid proeess, 237 
tension in, 325 

tendons of extensor digitornm brevis, 385 

tendons of extensor digitornm longus, 385 

tendons of flexor digitornm brevis, 384-385 

teniae eoli, 859, 860 

tension, skeletal mnseles, 321-325, 344 

tension forees, bones, 206 

tensor, muscle terminology, 347 

tensor faseiae latae muscle, 348, 349, 378-381, 

444-445 

tensor tympani muscle, 547 

tentorium eerebelli, 466 

teres, muscle terminology, 347 

teres major muscle, 349, 366-367, 370-371, 

442-443 

teres minor muscle, 294, 349, 367, 370-371, 

442-443 


terminal bronehiole, 795, 798-799 
terminal eisternae, 311, 318-319, 321 
terminal hairs, 186 
terminal web, 92 

termination, protein synthesis, 109 
terminology, muscle names, 346-347 
tertiary bronehi, 795 
tertiary folliele, 1007 
tertiary structure, proteins, 75 
testes 

blood vessels, 670-671 
endoerine fnnetion, 589 
epididymis and, 996 
fnnetion of, 20, 23, 989 
gland structures, 149 
hormonal eontrol, 594 
pelvie floor mnseles, 362-363 
seminiferons tubules, 990-991, 994-995 
spermatogenesis, 992-995 
testienlar eaneer, 1018 
testosterone 

fnnetions of, 72,1000-1001 
hormone binding, effeets of, 591 
pitnitary gland, 594 
pnberty, ehanges in, 1048-1049 
synthesis of, 995 
tetanns, 324, 328-331, 335 
tetrad, meiosis, 992-993 
tetralogy of Fallot, 677 
tetrose, 68 

thalamie nuclei, 476-477 
thalamus 

antonomie nervons system, 528-529 
hearing, sense of, 557 
mednlla oblongata and, 468 
midbrain and, 472-473 
motor eontrol, 496-499 
nenrotransmitters, effeets of, 420 
sensory reeeptors, 490-491 
structures and fnnetions, 464-465, 474-475, 478 
nrinary system eontrol, 954 
thalassemias, 642 
theeal eells, 1007 
thermal inertia, 61 
thermoreeeptors, 490, 525 
thermoregnlation. See also temperatnre, body 
burns, effeets of, 182-183 
overview of, 911-915 
sweat glands, 185 
thermoregnlatory set point, 26 
theta waves, EEG, 485 
thiamine, 905 

thiek filaments, 93, 310-313 
thiek segment, nephron loop, 928 
thiek skin, 176-177 
thigh 

blood vessels, 674-675 
body regions, 30 
bones of, 270 

mnseles for movement, 378-379 
nerves of, 444-445 

thin fílaments, skeletal mnseles, 

310-313, 321 

thin segment, nephron loop, 928 
thin skin, 176-177 
third trimester, 1027 
third ventriele, brain, 465,478 
third-elass lever, 345 
third-degree burns, 182-183 
third-order nenrons, 494 
thoraeie, muscle terminology, 347 
thoraeie aorta, 670 
thoraeie eage 

axial skeleton, 233 
joints of, 291 

peetoral girdle, mnseles of, 368-369 
structures of, 256-257 
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thoraeie eavity 

blood vessels of, 670-671 

body eavities, 34-35 

gas pressare and breathing, 802-803 

viseeral reflexes, 525 

thoraeie curve, spine, 250 
thoraeie duct, 741, 744-745 
thoraeie region 

body regions, 30 
diaphragm, 360-361 

intereostal and thoraeis mnseles, 360-361 
vertebral eolnmn mnseles, 358-359 
thoraeie spinal nerves 

gross anatomy, 430-431, 440, 510-511 
reflexes, 455, 525 

sympathetie nervons system, 512, 514, 528-529 

thoraeie spine 

loeation and fnnetion, 250 
strnetnres of, 253 
thoraeie eage, 256-257 
vertebrae, strnetnres of, 251 
thoraeie sympathetie ehain ganglia, 511 
thoraeodorsal faseia, 358-359 
thoraeolnmbar division, nervons system, 510 
thoraeolnmbar faseia, 367 
thorax, deíìned, 30 
thorax, muscle terminology, 347 
thoronghfare ehannel, 655 
threshold, aetion potential, 315,412-415 
thrombin, 641 
thrombns, 699 

thumb, 30, 264-265, 289, 347 
thymie corpuscles, 751 
thymie epithelial eells, 751 
thymine, 78-79,104-109 
thymosin, 750-751 
thymus 

blood vessel eontrol, 654 
fnnetions of, 20, 21, 589 
hormones, ehemieal strnetnre, 588 
lymphatie system, 741, 750-751 
lymphopoiesis, 746 
thyroglobulin, 598, 599 
thyrohyoid muscle, 357,441 
thyroid eartilage, 352, 356, 357, 598, 792-793 
thyroid follieles, 598 
thyroid gland 

ealeinm regnlation, 223, 601 
eapillaries in, 654 
endoerine disorders, 614-615 
endoerine fnnetion, 589 
hormones of, 598-599 
malignant tnmor of, 127 
pitnitary gland and, 592 
simple enboidal epithelinm, 144 
strnetnres and fnnetions, 20, 598-599 
thyroid stimnlating hormone (TSH), 594 
thyroid hormones 

ehemieal strnetnre, 588 
growth patterns, 611 
integnmentary system effeets, 192 
negative feedbaek meehanisms, 597 
permissive effeets, 609 
stress response, 613 
target eell binding, 591 

thyroid stimnlating hormone (TSH), 588, 594, 

597, 915 

thyroid-binding globnlins (TBGs), 599 
thyroiditis, 778 

thyrotropin-releasing hormone (TRH), 594, 

596-597, 915 

thyroxine (TJ, 599, 614-615 
tibia 

appendienlar skeleton, 259 
bone strnetnres, 270-271 
intrinsie mnseles of foot, 384-385 
knee joint, 283, 297 


mnsele terminology, 347 
mnseles of, 365-367, 380-381 

tibial, muscle terminology, 347 
tibial artery, 387 
tibial eollateral ligament, 297 
tibial nerve, 444-445,455 
tibial tnberosity, 271 
tibial vein, 387 

tibialis anterior muscle, 348, 382-383, 387, 

444-445 

tibialis posterior muscle, 382-383, 387,444-445 

tidalvolume (Vj), 804, 806, 813 

tight junctions, 140-141 

time of death determination, 335 

tin (Sn), 45 

tissue faetor (Faetor 111), 641 

tissue plasminogen aetivator (t-PA), 641 

tissnes 

eartilage, 156-157 

eonneetive tissne, introdnetion to, 14,151 
defìned, 11,135 
dense eonneetive tissnes, 154 
epithelial tissne, 14,138-149 
faseiae, 161 
heart mnsele, 6 
injnry response, 166-167 
introdnetion to, 14-15 
loose eonneetive tissne, 152-153 
membranes, 160-161 
mnsele eontraetions, 164 
mnsele tissnes, types of, 15,163 
nenral tissne, 15,165 
osseons (bone) tissne, 158-159 
pereentage of body weight, 163 
regeneration, 166-167 
sears, 167 
types of, 135 
titin, 313 
tobaeeo, 517 
tobaeeo use, 820-821 
toenails, 185,190 
toes, 30, 291, 347,444-445 
toleranee, immune system, 765 
tone, muscle, 325 
tongue 

eranial nerves, 486-487 
gland strnetnres, 149 
gnstation, 537 
hyoid bone, 247 
mnsele terminology, 347 
mnseles of, 356 

stratifìed squamous epithelium, 143 
structures of, 537, 838-839 

tonie reeeptors, 491 
tonieity, 115 
tonometry, 563 
tonsillitis, 748 
tonsils, 741, 748 
tooth deeay, 841 
torr, 803 

total lung eapaeity, 804 
total magniíìeation, mieroseope, 137 
total peripheral resistanee, 718-719 
touch, sense of 

cerebellum and, 470-471 
eerebral cortex, 482-483 
epithelial tissue, structure of, 138-139 
Merkel eells, epidermis, 177 
nervous system, 18, 395, 399 
sensory reeeptors, dermis, 181 
taetile reeeptors, 490-495 
withdrawal reflex, 452 
trabeenlae, lymph nodes, 749 
trabeenlae, spleen, 753 
trabeenlae, spongy bone matrix, 210, 211 
trabeenlae arteries, spleen, 753 
trabeenlae eamerae, 694 


trabeenlar bone, 206-207 
trabeenlar veins, spleen, 753 
traee elements, 45 
traehea 

antonomie nervons system, 511 
lamina propria, 788 
larynx and, 792-793 

psendostratified eolnmnar epithelinm, 147 
structures and fnnetions, 21, 787, 791, 794-795 

traeheal eartilage, 792-795 
traehealis muscle, 794 
traet, spinal eord, 435 
traets, pons, 469 
trans faee, 96 
transamination, 901 
transeription, 106-107 
transdnein, 573 
transdnetion, 489 
transferrin, 632 

transfnsion reaetions, blood, 635 

transitional epithelinm, 145 

translation, 108-109 

transmembrane potential, 405 

transmembrane proteins, 90,140,141 

transmission eleetron mierograph (TEM), 137 

transmission eleetron mieroseope, 137 

transplants, kidney, 949 

transplants, rejeetion of, 778 

transport globnlins, blood, 625 

transport vesiele, 95, 96-97 

transposition of the great vessels, 677 

transverse, direetional term, 347 

transverse aeetabnlar ligament, 295 

transverse eervieal nerve, 440-441 

transverse eoastal faeet, rib, 257 

transverse eolon, 845, 859 

transverse foramen, eervieal vertebrae, 252 

transverse fraetnre, 225 

transverse plane, 33 

transverse proeess, rib, 257 

transverse proeesses, vertebrae, 251, 253, 254 

transverse seetion, 33 

transverse sinnses, 669 

transverse thoraeis muscle, 360-361 

transverse tubules (T tubules), 311, 316-319, 321 

transversely, defìned, 33 

transversns abdominis muscle, 360-361, 366-367, 

444-445 

transversus thoraeis muscle, 804 
trapezium bone, 264-265, 285 
trapezins, muscle terminology, 347 
trapezins muscle, 348, 349, 366-369,441 
trapezoid bone, 264-265 
traveler’s diarrhea, 987 
treppe, muscle tension, 324 
triaeylglyeerols, 71. See also triglyeerides 
triad, skeletal muscle fìbers, 311 
triangle, muscle terminology, 347 
trieeps, muscle terminology, 347 
trieeps braehii 

arm movement, 372-373 
deep faseia, 386 
dense eonneetive tissue, 154 
loeation of, 348, 349, 367 
muscle movement, 346 
nerves of, 442-443 
trieeps reflex, 454-455 
trienspid valve, 694, 696 
trigeminal nerve (V), 486, 543, 864 
triglyeerides, 71, 94, 884-885, 897, 898, 908 
trigone, 952 

triiodothyronine (T3), 599, 614-615 
trimesters, gestation, 1027 
triose, 68 
tripeptide, 74-75 

triplet eode, protein synthesis, 104 
triquetrum, 264-265 
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Trisomy 21,1056 

tRNA (transfer RNA), 105 

troehanter, bone strnetnre, 205 

troehlea, bone strnetnre, 205, 272-273 

troehlea, eye ligament, 354 

troehlea, hnmerns, 262 

troehlear nerve (IV), 354,486-487 

troehlear noteh, ulna, 263 

trophoblast, 1031,1038 

tropie hormones, 594-595 

tropomyosin, 312-313, 318-319 

troponin, 312-313, 318-319, 321 

true labor, 1044-1045 

true pelvis, 269 

trunk region, 30, 360-361 

trunks, braehial plexus nerves, 442-443 

trunks, pnlmonary eirenit, 661 

trypsin, 900 

tryptophan, 588 

tubal ligation, 1017 

tnberele, bone structure, 205 

tubercle, ribs, 257 

tuberosity, bone structure, 205 

tubular fluid, 928 

tubular glands, 149 

tubuloalveolar glands, 149 

tumor eells, 759 

tumors, 126-127 

tumor-specific antigen, 758-759 

tunica albnginea, 991, 996,1005 

tunica externa, 652-653 

tunica intima, 652-653 

tunica media, 652-653 

tnrbinates, 790-791 

turbulence, blood vessels, 719 

Tnrkish saddle, 242 

Tnrner’s syndrome, 1056 

twins, 1041 

twitch, muscle fibers, 323, 328-333 

tympanie eavity, 546, 547 

tympanie duct, 552-553 

tympanie membrane, 546, 555, 577 

type 1 diabetes, 607, 778 

type 2 diabetes, 607 

type A, B, O blood groups, 634-635 

type A fibers, sensory reeeptors, 490 

type e fibers, sensory reeeptors, 490-491 

type I pnenmoeytes, 799 

type II pnenmoeytes, 799 

tyrosine, 178, 598, 901 




ulcer, stomaeh, 873 
ulna 

appendicular skeleton, 259 
bone structures, 262-263 
elbow, structure and fnnetion, 

8, 285, 296 

muscle terminology, 347 
mnseles of, 365-367, 372-373 
pronation, 288 
snpination, 288 

ulnar, mnsele terminology, 347 

ulnar artery, 662, 664 

ulnar eollateral ligament, 296 

ulnar head, 263 

ulnar nerve, 440,442-443 

ulnar noteh, 263 

ulnar vein, 663, 665 

nltraviolet (UV) radiation, 178-179,193 
umami, 540, 542 

umbilical arteries, 676-677,1038 
umbilical eord, 1037,1044-1045 
umbilical ligaments, 952 
nmbilieal region, 30, 31 


nmbilieal stalk, 1037 
nmbilieal vein, 676-677,1038 
umbilicus, 31 
unipolar nenrons, 398 
units of measnre 

atomie mass unit (amu) or dalton, 44 

ealories, kiloealories, Galories, 906-907 

eentimeters of water (em H^O), 803 

gas pressnre, 803 

meter (m), 136 

mierometers (mm), 12, 136 

millimeter (mm), 136 

millimeters of merenry (mm Hg), 803 

nanometer (nm), 6, 136 

pounds per square ineh (psi), 803 

torr, 803 

University of Bologna, 29 
University of Padua, 29 
unmyelinated axons, 401,402-403,415 
nnpaired median sinnses, 669 
unsaturated fatty aeids, 70-71 
upper esophageal sphineter, 843 
upper limb 

appendienlar skeleton, 259 
arm bones, 262-263 
blood vessels of, 664-665 
body regions, 31 
bone fraetnres, 225 
bone structure, 204-205 
deep faseia, 386-387 
fetal development, 216-217 
lymphaties of, 741 
muscle terminology, 347 
mnseles of, 365-367 
nerves of, 442-443 
sternoelavienlar joint, 291 
thoraeie eage, 256-257 
wrist and hand, 264-265 
upper motor neuron, 496-497 
upper respiratory traet, 787-795 
uracil, 78-79 

urea, 901, 909, 933, 942-943 

urea eyele, 901 

ureteral openings, 952 

nreters, 22, 35,145, 923, 924, 951-953, 996 

nrethra, 22, 23, 362-363, 923, 951-954, 

989, 999 

nrethral sphineter, 444-445 
uric aeid, 909, 933 
urinary bladder 

antonomie nervons system, 514, 515, 519, 523 
baroreeeptors, 526 
gross anatomy, 31, 35, 990, 996 
mietnration reflex, 954 
pregnaney and, 1042-1043 
structures and fnnetions, 22, 923 
transitional epithelinm, 145 
urine storage and elimination, 951-954 
nrinary retention, 955 
nrinary system 

aeid-base balanee and, 973, 978-979 
antonomie nervons system, 523 
baroreeeptors, 526 
disorders of, 955 
fetal development, 1033 
introdnetion to, 17, 22 
kidneys, structures of, 924-931 
lymphatie structures, 741 
mierovilli, 139 
mucous membranes, 160 
nervons system, 399, 513 
pregnaney and, 1042-1043 
renal failnre, 948-949 
renal fnnetion overview, 946-947 
smooth muscle structures, 832-833 
structures and fnnetions, 923 
urine volume, regulation, 944-945 


nrinary traet, 14, 923, 951-954 
nrination reflex, 525, 526, 528 
urine 

buffer systems, 975-977 
fluid balanee and, 964-965, 968-969 
nephrons, 927-929 
normal lab values for, 945 
potassium balanee, 971 

reabsorption and seeretion, nephrons, 940-943 
renal eorpnsele, 936-937 
renal fnnetion overview, 946-947 
renal structures and fnnetions, 935 
transport, storage, and elimination of, 951-954 
nrinary disorders, 955 
volume regulation, 944-945 
waste removal, 933 
nrobilins, 632-633 
nrogenital diaphragm, 362-363, 996 
nrogenital triangle, 362-363 
nterine artery, 1010-1011 
nterine eavity, 1008 
nterine eyele, 1010-1011,1014-1015 
nterine lumen, 1008 

nterine tubes, 23,146,1003,1004-1005, 

1008-1009 

uterosacral ligament, 1005 
uterus 

fnnetion of, 23 

gross anatomy, 1003,1004-1005 
implantation, blastoeytes, 1030-1031 
loeation of, 35 

parasympathetie innervation, 515 
plaeenta, 1034-1039 
pregnaney, labor and delivery, 1044-1045 
pregnaney, maternal ehanges, 1042-1043 
structures of, 1008-1009 
sympathetie innervation, 514 
utricle, 548, 549, 550, 551 
uvula, 838, 839 


V 


vaeeines, 765, 785, 872 
vagal nucleus, 709 

vagina, 23,143, 362-363,1003,1012 
vaginal artery, 1008-1009 
vaginal eanal, 1012 
vagus nerve (X) 

antonomie nervons system, 511 
branehes and fnnetions, 486 
gnstatory pathway, 543 
heart rate regnlation, 709 
long reflexes, 835 
parasympathetie innervation, 515 
valenee shell, 46 
vallate papillae, 540-541 
valves, veins, 656-657 
valvnlar heart disease (VHD), 697 
vanadinm (V), 45 

variable segments, antibodies, 772-774 
varieella-zoster virus (VZV), 437, 785 
varieose veins, 656 
vas deferens. See ductus deferens 
vasa reeta, 931, 935, 946-947 
vasa vasornm, 652-653 
vasenlar layer, eye, 562-563 
vasenlar phase, elotting response, 640 
vasenlar spasm, 640 
vasenlogenesis, 659 
vaseetomy, 1017 

vasoaetive intestinal peptide (VIP), 854-855 
vasoeonstrietion, 652-653, 724, 725 
vasodilation, 652-653, 725 
vasomotion, 655 

vasomotor eenters, mednlla oblongata, 468,475, 

718, 720, 724, 914-915 
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vasomotor reflex, 525 
vasopressin (VP), 595 
vastns, mnsele terminology, 347 
vastns intermedins mnsele, 380-381 
vastns lateralis mnsele, 348, 380-381, 387 
vastns medialis mnsele, 348, 380-381 
vastns medins mnsele, 387 
vegetables, diet and, 906-907 
veins 

abdominal and thoraeie eavities, 671 
abdominal viseera, 673 
adrenal glands, 602-603 
alveoli, gas exchange, 798-799 
antonomie nervons system effeets, 522 
body temperatnre regnlation, 914-915 
bones, blood snpply to, 207 
brain, 669 

eervieal vertebrae, 252 
digestive traet, 831 
eye, 568 

fetal blood flow, birth ehanges, 676 
foramina, sknll, 240 
fnnetion of, 20, 623 
gas diffnsion, 809 
head, 667 

heart, external anatomy, 690-693 

integnment strnetnres, 175 

kidneys, 930-931 

large, medinm, and vennles, 653 

leg eompartments, 387 

liver, 867, 868-869 

neek, 667 

penis, 998 

portal veins, 593 

pnlmonary eirenit, 651, 660-661 

pnlmonary vein, 797 

smooth mnsele tissne, 15 

spinal nerves, 436 

spleen, 753 

systemie eirenit, 651 

thyroid gland, 598 

nmbilieal eord, 1038 

uterus, 1008-1011 

vascular pressure and resistanee, 717-721 
vasenlogenesis, 659 
venipuncture, 642 

venous system, blood volume of, 656-657 
venous system, overview, 663 
wall structures, 652-653 

vellus hairs, 186 

venae eavae, fetal development, 659 
venipuncture, 642 
venoeonstrietion, 657 
venous pressure, 717 
venous return, 711, 717 
ventral, direetional term, 32 
ventral mesentery, 844-845 
ventral ramus, 436,438-439 
ventral respiratory group (VRG), 816-819 
ventral root, spinal eord, 431,432, 433 
ventrieles, brain, 465 
ventrieles, heart 
arrhythmias, 715 
blood flow, 651 
blood pressure and, 7 
borders of heart, 685 
eardiae eyele, 701-703 
eardiae muscle tissue, 686-687 
eongenital defeets, 677 
eontraetion of, 695-697 
fetal blood flow, 676 
loeation of, 6 
stroke volume, 710-713 
thoraeie eavity, superior view, 689 
valves, 694-697 
ventrienlar diastole, 702-703 
ventrienlar fìbrillation (VF), 715 


ventrienlar septal defeet, 677 

ventrienlar systole, 702-703 

ventrienlar taehyeardia (VT or V-taeh), 715 

vennles, 653, 851 

vermis, 470-471 

vertebra prominens, 252 

vertebrae 

axial skeleton, 233 
blood vessels, 670-671 
bone structure, 204 
eompression fraetnre, 293 
elastie tissue, 154 
joints of, 292-293 
nomenelatnre, 251 
structures of, 251 
vertebral areh, 251 
vertebral artery, 662, 664, 666, 668 
vertebral body, 251 
vertebral column 
axial skeleton, 233 
eervieal vertebrae, 252 
introdnetion to, 250-251 
lumbar vertebrae, 254 
muscles of, 358-359 
sacrum and coccyx, 255 
thoraeie vertebrae, 253 
vertebrae, structures of, 251 
vertebral foramen, 251, 254 
vertebral ribs, 256 
vertebral vein, 663, 665, 667 
vertebroehondral ribs, 256 
vertebroeostal joints, 285 
vertebrosternal ribs, 256 
vertigo, 577 

very low density lipoproteins (VLDLs), 897 

Vesalins, Andreas, 29 

vesieles 

brain, 463 
eell structures, 89 
motor neurons, 316-317 
synaptie vesieles, 397, 417 
vesieonterine pouch, 1004-1005 
vesicular transport, 111,118-119 
vestibnlar braneh, 556, 577 
vestibnlar bulb, 1012 
vestibular complex, 549 
vestibular duct, 552-553 
vestibular fold, glottis, 793 
vestibular ligaments, larynx, 792-793 
vestibnlar membrane, 552, 553 
vestibnlar nucleus, 496, 556 
vestibule, inner ear, 548 
vestibnle, oral eavity, 839 
vestibnle, vagina, 1012 

vestibnloeoehlear nerve (Vlll), 486, 546, 552, 553, 

555-557, 577 

vestibnlospinal traets, 496, 556 
villi, endometrinm, 1031 
villi, intestinal, 831, 850-853 
viral hepatitis, 869 
viremia, 643 
viseera, defined, 34 
viseeral effeetors, 399, 509 
viseeral motor nenrons, 399,438-439, 509 
viseeral motor nuclei, 509 
viseeral peritoneum, 844-845 
viseeral reflexes, 448-449, 511 
viseeral sensory nenrons, 399 
viseeral sensory reeeptors, 395 
viseeral smooth muscle eells, 833 
viseeral surface, spleen, 753 
viseosity, blood vessels, 719 
vision, sense of. See also eye 
aging and, 576 
eerebellnm and, 470-471 
eerebral cortex and, 482-483 
eranial nerves, 486-487 


diabetie retinopathy, 607 

equilibrium, sense of, 556 

eye, aeeessory structures, 560-561 

eye, eavities of, 562-563 

eye, fetal development of, 559 

foensing, 566-567 

midbrain, 472-473 

nervons system, 395 

optie ehiasm, dieneephalon, 

474-475 

photoreeeptors, 568-573 
refraetion problems, 575 
retina, 564-571 
visual pathway, 574 

visual acuity, 568 

visual assoeiation area, brain, 482-483 

visual axis, eye, 565 

visual cortex, brain, 482-483 

visual pigments, 570-573 

vital eapaeity, 804 

vitamins 

absorption of, 861 

sonrees and fnnetions, snmmary ehart, 
904-905 

vitamin 6^2 defieieney, 642, 849 
vitamin Dg, 175,193 
vitamin K, 642 

vitreons body, 562 
vitreons humor, 562 
voeal folds, 793 
voeal ligaments, 792-793 
voiee box, 792 
volatile aeids, 973 

voltage-gated ehannels, 315,408-409, 

412-415 

volume, sound, 555 

vomer, 234-235, 236, 239, 240, 245, 790 
vulva, 1012 




Wallerian degeneration, 403 
waste prodnets. See also feees; urine 

biologieal proeesses, 4-5 
extracellular fluid circulation, 155 
of inflammation, 167 
water (H^O). See also fluid balanee 
body eomposition, 963 
eovalent bonds, 49 
dehydration synthesis, 57 
dissoeiation (ionization) reaetions, 62-63 
hydrolysis, 56 

intervertebral dises, 292-293 
loss throngh skin, 177 
pH, 64 

properties of, 61 

renal fnnetion, overview, 946-947 
renal structures and fnnetions, 935 
states of matter, 50-51 
urine volume regulation, 944-945 

water loss, respiratory system and, 791 

water reeeptors, 540 

water-soluble vitamins, 905 

wave snmmation, muscle tension, 324 

wavelength, light, 571 

wavelength, sound, 554-555 

waxes, 70-71 

WBCs. See white blood eells (WBCs) 
weight, body. See body weight 
weight, moleenlar weight and moles, 55 
Wernicke’s area, 482-483 
white, muscle terminology, 347 
white blood eells (WBCs) 
bones, synthesis in, 203 
eell types and fnnetions, 12, 625, 638-639 
fluid eonneetive tissue, 155 
leukemia, 643 
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white matter, braín 

cerebellum, 471 
function of, 484 
mednlla oblongata, 468 
midbrain, 473 
pons, 469 

white matter, eentral nervons system, 401 

white matter, spinal eord, 430-431,435 

white pulp, spleen, 753 

white ramus communicans, 438-439 

whole blood, 624-625 

wide, muscle terminology, 347 

wisdom teeth, 841 

withdrawal reflex, 452 

work, 53 

Wormian bones, 235. See also bones (osseons 

tissue) 

wound repair, 192,194-195 
wrist joint 

abdnetion and addnetion, 287 
appendienlar skeleton, 291 
body regions, 30 
bone structures, 204, 264-265 


earpal tunnel syndrome, 373 
muscle terminology, 347 
mnseles of, 365-367, 372-375 
nerves of, 442-443 
pronation, 288 
radius and ulna bones, 263 
snpination, 288 


X 


X ehromosomes, 1051-1057 
xenograft, 183 

xiphoid proeess, 256, 360-361 
X-linked traits, 1055 


Y 


Y ehromosomes, 1051-1057 
yellow bone marrow, 206-207, 633 
Y-linked traits, 1055 
yolksae, 1032-1037 
yolk stalk, 1036-1037 


Z 


Z lines, eardiae muscle tissue, 687 

Z lines, skeletal mnseles, 310, 312-313, 322 

zine (Zn), 45 

zona faseienlata, 603 

zona glomernlosa, 603 

zona pellneida, 1007,1028 

zona retienlaris, 603 

zone of overlap, skeletal mnseles, 310, 313, 322 

zwitterions, 74 

zygomatie areh, 238, 240, 355 

zygomatie bones, 234-235, 236, 238, 240, 244, 245, 

352-353 

zygomatie proeess, 238 
zygomatieofaeial foramen, 244 
zygomatiens major, 352-353 
zygomatiens minor, 352-353 
zygote, 1028-1029 
zymogenie eells, 857 














This page intentionally left blank 



FOREIGN WORD ROOTS, PREFIXES, SUFFIXES, AND GOMBINING FORMS 


Eaeh entry starts with the eommonly used form or forms of the prefìx, suffìx, or eombining form followed by the word root 
(shown in italies) and its English translation. One example is also given to illnstrate the use of eaeh entry. 


a-, a-, without: avascular 

ab-, ab, from: abduct 

-ae, -akos, pertaining to: eardiae 

aer-, akron, extremity: aeromegaly 

ad-, ad, to, toward: adduct 

aden-, adeno-, adenos, gland: adenoid 

adìp-, adipos, fat: adipoeytes 

aer-, aeros, air: aerobie metabolism 

-al, -alis, pertaining to: braehial 

alb-, albieans, white: albino 

-algìa, algos, pain: neuralgia 

allo-, allos, other: allograft 

ana-, ana, up, baek: anaphase 

andro-, andros, male: androgen 

angìo-, angeion, vessel: angiogram 

ante-, ante, before: antebraehial 

anti-, ant-, anti, against: antibiotie 

apo-, apo, from: apoerine 

araehn-, araehne, spider: araehnoid 

arter-, arterla, artery: arterial 

arthro-, arthros, joint: arthroseopy 

astro-, aster, star: astroeyte 

atel-, ateles, imperfeet: ateleetasis 

aur-, aurls, ear: auricle 

auto-, auto, self: autonomic 

baro-, baros, pressure: baroreeeptor 

bi-, bi- two: bifurcate 

bio-, bios, life: biology 

-blast, blastos, precursor: osteoblast 

braehi-, braehlam, arm: braehioeephalie 

braehy-, braehys, short: braehydaetyly 

brady-, bradys, slow: bradyeardia 

broneh-, bronehas, windpipe, airway: bronehial 

earein-, karkinos, eaneer: eareinoma 

eardi-, eardio-, kardla, heart: eardiae 

-eele, kele, tumor, hernia, or swelling: blastoeele 

-eentesis, kentesis, puncture: thoraeoeentesis 

eephal-, eephalos, head: braehioeephalie 

eerebr-, eerebram, brain: eerebral hemispheres 

eerebro-, eerebros, brain: eerebrospinal fluid 

eervie-, eervleis, neek: eervieal vertebrae 

ehole-, ehole, bile: eholeeystitis 

-ehondrion, ehondrion, granule: mitoehondrion 

ehondro-, ehondros, eartilage: ehondroeyte 

ehrom-, ehromo-, ehroma, eolor: ehromatin 

circum-, elream, around: circumduction 

-elast, klastos, broken: osteoelast 

eoel-, -eoel, koila, eavity: eoelom 

eolo-, kolon, eolon: eolonoseopy 

eontra-, eontra, against: eontralateral 

eorp-, eorpas, body: corpuscle 

eortie-, cortex, rind or bark: eortieospinal 

eost-, eosta, rib: eostal 

eranio-, eranlam, skull: eraniosaeral 

eribr-, erlbram, sieve: eribriform 

-erine, krineln, to separate: endoerine 

cut-, eatis, skin: cutaneous 

eyan-, kyanos, blue: eyanosis 

eyst-, -eyst, kystis, sae: blastoeyst 

eyt-, eyfo-, kytos, a hollow eell: eytology 

de-, de, from, away: deaetivation 


dendr-, dendron, tree: dendrite 
dent-, dentes, teeth: dentition 
derm-, derma, skin: dermatome 
desmo-, desmos, band: desmosome 
di-, dis, twice: disaeeharide 
dia-, dla, through: diameter 
digit-, digit, a finger or toe: digital 
dipl-, dlploos, double: diploid 
dis-, dis, apart, away from: disability 
diure-, dloarein, to urinate: diuresis 
dys-, dys, painful: dysmenorrhea 
-eetasis, ektasis, expansion: ateleetasis 
eeto-, ektos, outside: eetoderm 
-eetomy, ektome, excision: appendeetomy 
ef-, ex, away from: efferent 

emmetro-, emmetros, in proper measure: emmetropia 
eneephalo-, enkephalos, brain: eneephalitis 
end-, endo-, endon, within: endometrium 
entero-, enteron, intestine: enterie 
epi-, epl, upon: epimysium 

erythema-, erythema, flushed (skin): erythematosis 

erythro-, erythros, red: erythroeyte 

ex-, ex, out of, away from: exocytosis 

extra-, exter, ootside of, beyond, in addition: extracellular 

ferr-, ferram, iron: transferrin 

fil-, filum, thread: filament 

-form, -formis, shape: fusiform 

gastr-, gaster, stomaeh: gastrointestinal 

-gen, -genie, gennan, to produce: mutagen 

genicula-, geniculum, kneelike structure: geniculates 

genio-, genelon, ehin: geniohyoid 

gest-, gesto, to bear: gestation 

glosso-, -glossus, glossus, tongue: hypoglossal 

glyeo-, glykys, sugar: glyeogen 

-gram, gramma, reeord: myogram 

gran-, granulum, grain: granulocyte 

-graph, -graphia, grapheln, to write, reeord: eleetroeneephalograph 

gyne-, gyno-, gynaikos, woman: gyneeologist 

hem-, hemo-, haima, blood: hemopoiesis 

hemi-, hemi-, one half: hemisphere 

hepato-, hepaticus, liver: hepatoeyte 

hetero-, heteros, other: heterozygous 

histo-, histos, tissue: histology 

holo-, holos, entire: holoerine 

homeo-, homoios, similar: homeostasis 

homo-, homos, same: homozygous 

hyal-, hyalo-, hyalos, glass: hyaline 

hydro-, hydros, water: hydrolysis 

hyo-, hyoeides, U-shaped: hyoid bone 

hyper-, hyper, above: hyperpolarization 

hypo-, hypo, under: hypothyroid 

hyster-, hystera, uterus: hystereetomy 

-ia, -ia, state or eondition: insomnia 

idi-, idios, one's own: idiopathie 

in-, in-, in, within, or denoting negative effeet: inaetivate 

infra-, infra, beneath: infraorbital 

inter-, inter, between: interventricular 

intra-, intra, within: intracapsular 

ipsi-, ipse, itself: ipsilateral 

iso-, /sos, equal: isotonie 

-itis, -itis, inflammation: dermatitis 


karyo-, karyon, body: megakaryoeyte 

kerato-, keros, horn: keratin 

kìno-, -kìnìn, kinein, to move: bradykinin 

laet-, laeto-, -laetìn, lae, milk: prolaetin 

lapar-, ìapara, flank or loins: laparoseopy 

-lemma, lemma, husk: plasmalemma 

leuk-, leuko-, leakos, white: leukemia, leukocyte 

liga-, ligare, to bind together: ligase 

lip-, lipo-, lipos, fat: lipoid 

lith-, llthos, stone: eholelithiasis 

lys- lyso-, lysis, a loosening: hydrolysis 

maer-, makros, large: maerophage 

mal-, mal, abnormal: malabsorption 

mammilla-, mammilla, nipple: mammillary 

mast-, masto-, mastos, breast: mastoid 

mega-, megas, big: megakaryoeyte 

melan-, melas, blaek: melanoeyte 

men-, men, month: menstrual 

mero-, meros, part: meroerine 

meso-, mesos, middle: mesoderm 

meta-, meta, after, beyond: metaphase 

mier-, mikros, small: mieroseope 

mono-, monos, single: monoeyte 

morph-, morpho-, morphe, form: morphology 

multi-, multus, much, many: multicellular 

-mural, murus, wall: intramural 

myelo-, myelos, marrow: myeloblast 

myo-, mys, muscle: myofilament 

nare-, narkoun, to numb or deaden: nareoties 

nas-, nasus, nose: nasolaerimal duct 

natri-, natrium, sodium: natriuretic 

neer-, nekros, eorpse: neerosis 

nephr-, nephros, kidney: nephron 

neur-, neuri-, neuro-, neuron, nerve: neuromuscular 

oculo-, oculus, eye: oculomotor 

odont-, odontos, tooth: odontoid proeess 

-oid, eidos, form, resemblanee: odontoid proeess 

oligo-, oligos, little, few: oligopeptide 

-ology, logos, the study of: physiology 

-oma, -oma, swelling: eareinoma 

oneo-, onkos, mass, tumor: oneology 

oo-, oon, egg: ooeyte 

ophthalm-, ophthalmos, eye: ophthalmie nerve 

-opia, ops, eye: myopia 

orb-, orbita, a eirele: orbicularis oris 

orehi-, orehls, testis: orehieetomy 

orth-, orthos, eorreet, straight: orthopedist 

-osis, -os/s, state, eondition: neurosis 

ost-, oste-, osteo-, osteon, bone: osteoeyte 

oto-, otlkos, ear: otolith 

para-, para, beyond: paraplegia 

path-, -pathy, patho-, pathos, disease:pathology 

pedia-, paldos, ehild: pediatrieian 

per-, per, through, throughout: percutaneous 

peri-, peri, around: perineurium 

phago-, phago, to eat: phagoeyte 

-phasia, phasls, speeeh: aphasia 

-phil,-philia,p/7/7os, love: hydrophilie 

phleb-, phleps, a vein: phlebitis 

-phobia, phobos, fear: hydrophobie 

phot-, photo-, p/70S, light: photoreeeptor 


-phylaxis, phylax, a guard: prophylaxis 
physio-, p/?ys/s, nature: physiology 
-plasia, plasis, formation: dysplasia 
platy-, platys, flat: platysma 
-plegia, plege, a blow, paralysis: paraplegia 
-plexy, plessein, to strike: apoplexy 
pneum-, pneuma, air: pneumotaxic eenter 
pod-, podo-, podos, foot: podoeyte 
-poiesis, po/es/s, making: hemopoiesis 
poly-, polys, many: polysaeeharide 
post-,posf, after: postanal 
pre-, prae, before: preeapillary sphineter 
presby-, presbys, old: presbyopia 
pro-,pro, before: prophase 
proet-, proktos, anus: proetology 
pterygo-, pferyx, wing: pterygoid 
pulmo-,pu//T?o, lung: pulmonary 
pu\p-, pulpa, flesh: pulpitis 
pyel-, pyelos, trough or pelvis: pyelitis 
quadr-, quadrans, one quarter: quadriplegia 
re-, re-, baek, again: reinfeetion 
retro-, refro, backward: retroperitoneal 
rhin-, rhis, nose: rhinitis 
-rrhage, rhegnymi, to burst forth: hemorrhage 
-rrhea, rheln, flow, diseharge: amenorrhea 
sareo-, sarkos, flesh: sareomere 
seler-, selero-, skleros, hard: selera 
-seope, skopeo, to view: eolonoseope 
-seet, seetio, to cut: transeet 
semi-, semls, half: semitendinosus 
-septie, septikos, putrid: antiseptie 
-sis, -s/s, state or eondition: metastasis 
som-, -some, soma, body: somatie 
spino-, splna, spine, vertebral column: 

spinothalamie pathway 
stalsis, staltlkos, eontraetile: peristalsis 
sten-, stenos, a narrowing: stenosis 
stomy, stoma, mouth, opening: eolostomy 
stylo-, sfy/tvs, stake, pole: styloid proeess 
sub-, sub, below; subcutaneous 
super-, super, above or beyond: superficial 
supra-, supra, on the upper side: supraspinous fossa 
syn-, syn, together: synthesis 
taehy-, taehys, swift: taehyeardia 
telo-, telos, end: telophase 
tetra-, tettares, four: tetralogy of Fallot 
therm-, thermo-, therme, heat: thermoregulation 
thorae-, thorax, ehest: thoraeentesis 
thromb-, thrombos, elot: thromboeyte 
-tomy, tome, to cut: appendeetomy 
tox-, toxikon, poison: toxemia 
trans-, trans, through: transudate 
tri-, tres, three: trimester 
tropho-, trophe, nutrition: trophoblast 
trophy, trophikos, nourishment: atrophy 
-tropie, trope, turning: adrenoeortieotropie 
tropo-, tropikos, turning: troponin 
uni-, unus, one: unicellular 
uro-, -uria, ouron, urine: glycosuria 
vas-, vas, vessel: vascular 
zyg-, zygotos, yoke: zygote 
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